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HccaenoBanue ra3oBoro pa3psaia € ) KUAKHUM JJICKTPOJUTHBIM KaTOAOM
BOJIM3H ero KPUTHYE€CKHUX TCILJIOBBLIX PEKUMOB

I X Tazmees, b. A. Tumepkaes, X. K. Tasmees, U. M. Apcranos

DKCnepumMeHmaibHO UCCIE006aH 2A306bLH PA3PAO AMMOCHEPHO20 0ABIEHUA MeHCOY HCUOKUM ITeK-
MPOTUMHBIM KAMOOOM U MEMATTUYECKUM AHO00M 6 duanazone mokoe 1—10 A. Paccmompenst men-
J108ble PEHCUMbBL KAM0Oa, 6 KOMOPBIX MEeMReEpamypa 31eKmpoauma 61u3Ka K memnepamype KUneHus.
Ilokazano, umo ¢ maxkux KpUumMu4ecKux pelcumax menioesvie Nomepu Ha Kamooe nPaKmuyecKu no-
HOCmbIO (hopmupylomcea 3a cuem 0x3coynegozo mennogvloenenun eHympu ynekmpoauma. Ilpoananu-
3UPOBANHBL YC/108UA MUHUMUZAYUYU MENI0BBIX NOMEPL HA HCUOKOM INEKMPOIUMHOM Kamooe.

PACS: 52.80.-s

Krrouesvie cnosa: ra3oBblid pas3ps, KUAKUI 3JIEKTPOA, SJICKTPOIUTHBIA KAaTO, AIEKTPOIU3 KOHTAKTHBIN C

TICIOIIUM pa3psAa0M, MaCCOBBIM YHOC 3JICKTPOJIMTA.

BBenenue

B mocienHee BpeMst BO3poCc HHTEpEC K Ta30BBIM
paspsiaaM, Bo30yKJaeMbIM MEXKIY JKUAKHM SJIEKTPO-
JIUTOM U TBEPAOTEIbHBIM 3JeKTpoaoM. OHU mepcrek-
TUBHBI JUI 00e33apaxkuBanus Bojbl [1—4], 00paboT-
KA TEKCTUJIBHBIX MaTepualloB B BOAHOW cpede [5],
MOIU(UKALNN TTOBEPXHOCTH METAIUIOB [6], moiyde-
HUSI OKCHIHBIX MOPOIIKOB [7] M CHHTE3a HAHOYACTHIT
[8—10]. B cHIBHOTOYHOM pEKUME TaKHE pa3psiibl
MOTYT OBITb HCIONB30BaHbl B KaueCTBE HCTOYHMKA
SHEPrOHOCUTEIIS B IJIA3MOXMMHUYECKUX TEXHOIOTUAX
nepepaboTKu oTxo/10B [11].

B cBs3U ¢ MEpCreKTHBHOCTHIO MCIOJIH30BAHUS
Ta30BBIX Pa3psAAOB C JKUAKUM 3JIEKTPOJIUTHBIM KaTo-
JOM B DHEProeMKHX TEXHOJIOTHYECKUX TIpoleccax
NPaKTUYECKYI0 3HAYMMOCTh NPUOOPETAIOT HCCIeN0-
BaHUS UX HEPreTUYECKUX XaPAKTEPHUCTHK, B TIEPBYIO
ouepenb, TEIUIOBBIX XapaKTEPHCTUK 3JIEKTPOIMTHOTO
KaToJa, HampuUMep, TaKUX KaK TEIUIOBBIE IOTEPH
Ha Karoge W JUKOYJEBO TEIUIOBBLACICHUE BHYTPH
anekTponuTa. HemanoBa)xHO Take BBISIBICHHUE 3aKO-
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HOMEPHOCTEH MAaccoBOI'O YHOCA 3JIEKTPOJHMTA II0A
BO3/ICHCTBHEM Ta30BOr0 pa3psaga. OTH BOIPOCHI dac-
TUYHO paccMOTpeHsbl B paboTax [12—15]. Tak, B pa-
oote [15] ycTanoBieHO, 4TO B (pOpMHUPOBAHUU SHEP-
reTU4eCKUX XapaKTEePUCTHK pa3psia CYIIECTBEHHYIO
pOJIb UTPaeT MOTOK INEKTPOIUTA, MPOTEKAIOIIETo Ye-
pe3 karon. BapbupoBaHMeM IaHHOTO mHapamerpa B
CTOPOHY YMEHBIIECHUs JOCTUIHYTO 3HAYUTENBHOE
CHIDKCHUE TEIUIOBBIX IIOTEPh HA 3JEKTPOJIMTHOM Ka-
toge. OgHako yeM ciabee MOTOK 3JIEKTPONIUTA, TeM
BBILIIE CTAaHOBHUTCS €ro Temmeparypa. Kpurudeckas
CUTyauysi BO3HHMKAET IPU BCKHUIIAHUM 3JIEKTPOJIUTA.
HaGumoaroTcst 1Ba BapuaHTa 3aBEPIICHHS TaKOW CH-
Tyauuu. B mepBom BapuaHTe paspsi] TacHET, HE BbI-
3pIBas HUKAKUX MOcheAcTBuil. Bo BTOpoM BapuaHte
NPOMCXOANUT CKAYKOOOpa3HOE IMOBBIIICHHE TOKA, H
00pa3yloTcs Takue MOCIEACTBUS, Kakue OBIBAIOT B
Clly4ae BO3HMKHOBEHHH KOPOTKOTO 3aMbIKaHHS B LCIH
aneKkTpudeckoro nuranus. Ilpu Takux odcrosiTensceT-
Bax TMOJy4YeHHME U HCCIIEJOBAHHE Ta30BOr0O paspsja
KpaiiHe 3aTpyIHHUTENbHO. TeM He MeHee, KpUTHUe-
CKHE IapaMeTpbl BaKHbI IJIsI IPakTHKU. B cBs3m ¢
3TUM IIeNIbI0 TaHHOW paboThl SBUIIOCH UCCIIETOBaHUE
9HEPTEeTHUECKUX XapaKTEPUCTHK Ta30BOTO paspsia B
YCIIOBHUSX, HanOonee OMM3KUX K KPUTHYECKHM.

IJKCHepUMeHT

Ha puc. 1 cxematnyHO M300paxKeH KaTOIHBIM
y3en raszopaspsgHoro ycrpoictBa. OCHOBHBIE 3iie-
MEHTBHI €0 KOHCTPYKLHMH: CTEpXKeHb [/, Kopmyc 2 H
BBEIXOJHOW maTpyOok 3. CTepykeHb [ SBISIETCS MEI-
HbIM. Ero nuamerp 10 MM, paguyc 3aKpyriacHust 5 M.
Kopnyc 2 u BeixomHo# nmaTpyOoKk 3 M3TOTOBJICHHI U3
TIIBJICKTPUYECKOTO MaTeprasia. BexomHol maTpyOok 3
BBHIIIOJTHEH CHEMHBIM. B 3KcrepuMmeHTax OBUTH HC-
MOJIb30BaHBl MATPYOKH C TpeMs pa3iNuYHbIMU JHAMET-
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pamu: 12,7; 20,0 u 28,0 mm. TonaumuHa CTEHKH CO-
CTaBJIsIa 2 MM.

DIEKTPONHT 4 TTOAABAJICS BOBHYTPH BEIXOAHOTO
nmatpyOka 3. OH mepenuBajcs depe3 Kpas narpyoka 3
B KaHaBKY 5 U OTTY/a CIHMBAJICS B CUCTEMY OXJIAXK[e-
Hus. [myOvHa /i morpyKeHHsl MEAHOTO CTEpKHSA [ B
ANEKTPOIUT 4 BapbHUpOBaiach MEPEMEIICHHEM €ro I10
BEpPTHKAJIH.

Jis u3MepeHus MajieHus HAPSIKCHUS BHYTPU
anexktponuTa AU, HCHOJIB30BAJICAd BIEKTPUUECKUN
30HI 6. OH mpeacTaBisul co0oi BOILPPaMOBYIO MPO-
BOJIOKY ¢ amametrpoMm 0,15 MM, BCTaBICHHYIO B TPyO-
Ky M3 KBapleBOro cTekia. B ombiTax paboumii Toperr
30H/Ia YCTaHABJIMBAJICS HA Kparo MarpyOka 3 Tak, Kak
MoKa3aHo Ha puc. 1. MOIHOCTE HKOYIEBOTO TETLIO-
BBIIEJICHUS BHYTPH DJIIEKTPOJHUTA BBIYHCISIIACH T10

dhopmye:

Puc. 1. Kamoonuwii y3en.

0, =1-AU,,

rae [ — pa3psaaHbIi TOK.
TeroBble MOTEpPU Ha KAaTOAE OINPEACISIUCH
KaJIOPUMETPHUIECKAM CIIOCOOOM

Qk = Mgy c-At.

3eCh My — TMOTOK BJICKTPOJIUTA Yepe3 KaTOIHBIN
y3eII; ¢ — TEMJI0EMKOCTh 3JEKTPOINTa (MPHHUMAIACH
PaBHOI TEIIOEMKOCTH BOJIbI); Af — pPa3HOCTh TOKa-
3aHUN  XPOMENb-AIOMENIEBBIX TEPMOMAp, YCTAaHOB-
JICHHBIX Ha BXOJIC B KATOJHBIN y3ell 7 M Ha BBIXOJIC U3
Hero 8.

[ToTok 3mekTponHuTa ONPEALIISIICS KaK OTHOIIIC-
HHUE KOJIHMYECTBA DJICKTPOJUTA, BBITEKIIIEIO U3 KATO-
HOT'O y371a, K MPOMEKYTKY BPEMEHH, B T€UEHHE KOTO-
pOTO  BIEKTPOJIUT BbITEKan. M3MmepeHus MOTOKa
AJIEKTPOJIUTA MPOU3BOIUIUCH IO 32)KUT'AHUS Ta30BOTO
paspsina (m;,) ¥ BO BPeMsl €T0 TOPEHUS (My,). Pa3Hu-
11a TIOTOKOB MPUHUMAJIACh KaK MaCCOBBIH YHOC 3JIEK-

Tposiuta G, NPOUCXOIAIIUHN MO BO3ACUCTBUEM Ta30-
BOTO pa3psijaa:

G:me Mgy - (1)

B kadecTBe 3/MEKTPOJIUTA HCIIOJIB30BAJICS Clia-
OOKOHIICHTPUPOBAHHBIN PAcTBOP XJIOpUAA HATpUS B
JUCTUIIJIMPOBAHHON BOJIe. YJieibHasd d3JeKTpUUecKas
MPOBOIUMOCTE G 3JIEKTPOJIUTA WU3MEPSUIacCh KOHAYK-
tometpoM AHWOH 4150. Bt mpuroToBiIeH pacTBOp
¢ 6 = 10,00 MCwm/cM. MI3BecTHO, YTO DIEKTPOITH3HBIE
IIPOLIECCHI U BO3JIEUCTBHE CO CTOPOHBI Ia30pa3psIHOI
IIa3Mbl  BBI3BIBAIOT ~ M3MEHEHHE  JJIEKTPUUYECKUX
CBOMCTB anekTponuta. Ilo3ToMy mocne Kaxaoil He-
OOJBIION CEpHUU OIBITOB MPOU3BOIMIACH KOPPEKTH-
pPOBKa BeNMUYHHBI G. OTKIOHEHUS OT IEePBOHAYAILHO-
ro 3HaueHus He npeBbimany +0,20 MCm/cMm.

Tox wu3Mepsics CTPENOYHBIM MHOTONPEIEIb-
HBIM TpuOopoM trra M 2015 ximacca tounoctu 0,2.
Hcnonp30Bancs MCTOYHWK MUTAHWA Ha 0a3e WHBEp-
TOpHOTO TpeodpaszoBateliss. Beibop ObuT 00yCIIOBIICH
TE€M, YTO WCTOYHWKHU THTAaHUS TAKOTO THUMNA HMEIOT
HA/IKHYIO 3aIIUTy OT KOPOTKOTO 3aMBIKaHUs U 00ec-
MEYNBAIOT YCTOMYMBOE TOpPEHHE Ta30BOTO pa3psijaa B
MO00H TOYKE BOJBT-aMIICPHON XapaKTEPUCTHUKH.
IIpu >TOoM OmMOKM CTaOWIWM3allMA TOKA HE IPEBBI-
matoT 1 %.

Pe3yJII)TaTl)I IKCIIEPUMEHTOB U UX AHAJIN3

Pe3ynpTaTe SKCIEpUMEHTA, TPOBEAEHHOTO MPH
CIENYIONINX YCIOBUAX: TEMIEpaTypa ICKTPOIUTA Ha
BXOJI€ B KaTOAHBIN y3ed fx = 12£1 °C, moTox siex-
TpoJHTa My, = 6,3+0,1 r/c, TMameTp BBIXOJHOTO MAaT-
py6ka d = 28,0 MM, npenctasiens! Ha puc. 2. ['padu-
KM BBEpPXY pHUCYHKAa TIIOKa3bIBAIOT, KaK MEHSIOTCS
TEIUIOBBIE ITOTEPH Ha KaToje (J; M MOLTHOCTH JKOYJIe-
BOTO TEILUIOBBbLIENEHUS. (J; BHYTPU DJIEKTPOJIUTA IIPU
MIOCTOSTHHOM TIOTOKE 3JIEKTPONIUTA (M, = const). BHu3sy
PUCYHKa TPHBEJCHBI OTACIbHBIC BHUACOKAAPHI MPO-
necca. AHaNU3UpPys TPUBEACHHBIC JaHHBIC, MOXKHO
YTBEPXKIAaTb, YTO € pOCTOM TOKa MHTCHCUBHOCTL IIPO-
I[ECCOB TEIJIOMACCOOOMEHA MEXAY SJICKTPOIUTHBIM
KaToIOM W Ta3opa3psAaHON IIa3MOW yCHUIIMBAETCH.
B cBs3u ¢ 3THM pacTyT TEIUIOBBIE TIOTEPH Ha KaTOJeE.
YacTh TEIJIOBBIX MOTEPh COCTABISIET JXKOYJEBO TETI-
70, BBIEISeMOe BHYTPH dJekTposnmrta. Kak BHIHO,
OHO TOXX€ pacTeT W NpH OONBIIUX TOKAX €ro pocT
ycunuBaetcs. CornmacHo 3akony Jlxoynsa-Jlenma, ta-
KO XapakTep M3MeHeHus (); ABJIAETCS BIIOJHE 3aKO-
HOMEPHBIM U 0XKHJIAEMBIM.

Takum o0Opa3oM, ¢ yBEIMYCHHUEM TOKa TEILIO-
BBIJICJICHUE BHYTPH 3JICKTpoJiuTa Bo3pacraeT. [lpm
3TOM, €CTECTBEHHO, TeMIlepaTypa JJIEKTPOJHUTa IIO-
BBIIIAETCS, M OHA JOCTHTAET TEeMIIEPaTyphl KUIIECHUS.
Bcekumnanue 35eKTposinTa pe3K0 MEHSIET YCIOBUSA B
MIPUKATOHON 30HE ra3oBoro paspsjga. Hapyrraercs
€ro IpOCTPaHCTBEHHasl CTPYKTypa. Jlo KpuTudyeckon
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CUTYyalluH TPUBSA3KA pa3psjia K KaToay SBISIETCS pac-
npexeneHHon (puc. 2, kamapsel 1, 2), a B KpUTHIECKOM
TEIJIOBOM PEXUME OHa CTAHOBUTCS KOHTPAarkpoBaH-
HoH (puc. 2, kanpsl 3, 4). Ilpu Tokax MeHbLIE KPUTH-
gecKoro /* B IPHUKATOTHON 30HE MpeoOIIamaroT IpH-

3HAKW TIEIOMIET0 pa3psa, BHEIIHUM MPOSBICHHEM
KOTOPBIX SIBISIETCS O0BEMHOE ropeHwme. B kputmde-
CKOM CHUTYyaIluH MOSBIISIOTCS MPU3HAKK TYyTOBOTO pas3-
pana. OgHUM U3 HUX SBISIETCS TOSIBJICHHE SIPKO CBe-
TAMIETOCS y3KOTO TOKOBOTO KaHaja.

Q.(-'!Q,r-‘
kBT
20F

1.5

1,0

(©]

Puc. 2. Bo3nuknosenue Kpumuyueckozo meniogozo pexcuma u e2o xapakmepucmuxu. Beepxy — epagpuxu 3asucumocmeii mennoguix
nomeps Ha kamooe Qy u MOUHOCIU 0JCOYI6020 MENN06blOeNeHUs 6Hympu IeKkmponuma Q; om paspaonozo moka. I'* — mox npu
Kpumuyeckom mennoeom pexcume. Buuzy euoeoxaopvr 1—4 (s3xcnosuyus 200 mxc), 1 <I* ¢ euoeoxadpax 1, 2 (coomeemcmeenno

3u9,5A). 1>1I*6eudeoxaopax 3 u 4.

OmBITH TIOKa3ajdM, YTO TPH3HAKU IJIEKTpUYe-
CKOH IyT MOXHO HaOIIOIaTh TOJIBKO B TEX CIydasx,
KOTJ]a MEJTHBIH CTEpIKEeHb MOTPY’KEH B DIIECKTPOIHUT Ha
HeOomnpIyto TyOouHy. B wactHoctH, mpu [* = 9 A
MOTpeOOBAJIOCh MOTPY>KEeHNE Ha TITyOnHY He Oomee 4 MM.

l'openne B pexxrMe KOHTParupoBaHUsSI TOKOBO-
ro KaHaja CONPOBOXKIAETCs pa3OpBI3TUBAHUEM JIIEK-
Tponuta. [lo Bcell BEpOATHOCTH, pa3psia 3aMBIKAeTCs
Ha MEIHBIA cTepkeHb. [lpm OOnpIIel TTyOmMHE TO-
TPYKEHHST METHOTO CTEPXHS, BHIUMO, MPOUCXOIUT
o0’kaTHe TOKOBOTO KaHala >KUAKAM 3JEKTPOIUTOM U
ero cxyomnsiBanue. Cremyer OXuWaaTh, 4TO NPH IIO-
BBHIIICHHBIX TOKaX pa3ps] HE IOTaCHET W MeEIHBIH
CTEep>KEHb MOKHO OYAET MOTPY3UTh B AJIEKTPOJIUT ellIe
riryoxe.

I'pacduxn 3aBucumocteit O 1 Q; OT TOKa Ipakx-
TUYECKH cxofsatcs npu [*. CrempoBarenbHO, B KPUTH-
YEeCKOM PEKHME TEIUIOBBIC MOTEPH Ha KaTOAE W MOII-
HOCTh  JDKOYJIEBOTO  TEIUIOBBIACTIEHHS  BHYTPHU
AIIEKTPOJIUTA MOXKHO CUMTATh YHCIEHHO DPaBHBIMH,
T. €. CIIPaBEJIMBO COOTHOIICHHUE!

My c- At~ 1" AU, (2)

BBIX

Hcnonw3ys paBeHCTBO (2), MOKHO ONPEIEIUTh
MHUHHAMAJIBLHBIA TTOTOK 3JIESKTPOJINTA, KOTOPBIA HEo0-
XOIUM JI1 00€CIIeUeHUsl YCTOMIMBOTO TOPEHUS Ta30-
BOT'O pa3psija:

#y2
* ~ ([ ) 'Rk (3)
BbIX C'At
3neck R; — OMHUYECKOE CONMPOTUBICHUE KATOJHOTO

y3na. YucieHHOe 3HAYEeHUE TEMIOEMKOCTH ¢ IS
JNEKTPOJIUTA MOXKHO TIPHUHATH TAKUM JKE€, KaK W JUIs
BOJEI, T. €. paBHOH 4,19 xJIx/(xr-K), a At onpenenuts
Kak pa3HocTh 100 — #,,, TIE t;x — TeMIepaTypa dJIeK-
TPOJINTA Ha BXOJE B KaTOJHBIHA y3ell.

U3 dhopmymner (3) ciexyer, 4To MOTOK AIIEKTPO-
nmuTa, TpeOyeMbIi I paboThl BOJIM3M KPUTHUECKHX
TETJIOBBIX PEKUMOB, @ BMECTE C HUM U TEIUIOBHIE T10-
TEpU Ha KaToAe MOXKHO CBECTH K MUHUMYMY, IPHHU-
Masi MEpbI JUIsl YMEHbIICHUS R.

Ha puc. 3 npencraBiieHbl TuarpaMmsl, OCTpoO-
€HHbIE 0 pe3yJibTaTaM JKcrIepuMeHToB. [lapabomu-
yeckas (opMa KpPUBBIX CBUJICTEIBCTBYET O MPaBoO-
MEpPHOCTH TPEJIOJI0KEHUH, HAa OCHOBE KOTOPBIX
noiyueHa ¢opmyna (3). Ha stom xe pucyHke npuse-
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JIEHBl PE3yNbTaThl BBIYHCICHHIA MacCOBOTO YHOCA
anekTponuTa mo Gopmyne (1) mmsd KpUTHISCKUX pe-
’)kuMoB. Kak BHUIHO, MacCOBBI YHOC 3JIEKTPOJIUTA
YBEIIMYUBACTCS MPAKTUYCCKH MPOMOPIHOHAIBHO TO-
Ky. Takyto 3aKOHOMEpHOCTH MOXKHO CUHTATh Xapak-
TEPHBIM CBOMCTBOM Ta30BOT0 pas3psaia C KHUIKUM
AJNIEKTPOJUTHBIM KaTOJIOM, MOCKOJBKY OHO IPOSIBIIS-
€TCsl ¥ B IPYTUX YCIOBUAX dKCHEpUMeHTOB [12—15].
KoaddummeHT npomopoHansHOCTH k£ BapbUPYETCS
B HEOOJBIINX TMpeaerax B 3aBHCHUMOCTH OT CBOWCTB
AJNEKTPOJIUTA U YCIOBUN €ro oxnaxkiaeHus. B manHoi
paboTe MoxHO mpuHATH k= 0,09-107 Kr/(c-A).

H
S

Puc. 3. Juacpammul Kpumuueckozo menioeozo peicuma:
m*,,« — MaAccoevlii NOMOK INEeKMPONUMA uepe3 Kamoouwvlii
yzen; G* — maccoewlii ynoc nekmponuma. Juamemp v1x00-
Ho20 nampyoka kamoownozo yna d: 1 — 12,7 mm; 2 — 20,0;
3—28,0.

Takum 00pa3oM, € y4eTOM MacCOBOTO YHOCa
pacyeTHOE 3HAYCHHUE MOTOKA DJCKTPOJINTA HA BXOJE B
KaTOTHBIN y3€JI MOXET OBITh OIpeesieHo 1Mo GopMyIie:

2
o )R

+k-I". 4
¥ “

@opmyna (4) MokeT OBITH UCIOJIH30BAHA JUIS
ONnpeAeNeH!s MHHHUMANbHOIO IIOTOKA 3JIEKTPOJIMTa
Yyepe3 KaTOAHBIM y3el Ha 3Tare MPOSKTHPOBAHMSA Ta-
30pa3psAHBIX YCTPOUCTB.

3akiouenune

[IpoBeneHo sKcIepUMeHTaNbHOE UCCIIE0BaHUE
ra3o0BOTO paspsiia C JKUAKAM DIIEKTPOJIUTHBIM KaTo-
oM. PaccMOTpeHBI TEIIOBBIE PEKUMBI KaTosa, B KO-
TOPBIX TeMIIepaTypa 3IeKTpoinuTa OJIM3Ka K TeMIepa-
Type kureHus. llokazaHo, 9TO B TakKWX peXuMax
TEIJIOBBIE TIOTEPU HA KaToAE MPAKTUYECKU IMOJTHO-
CThIO (DOPMHUPYIOTCS 33 CUET JKOYJIEBOTO TETUIOBBI-
JIEJIEHUS] BHYTPH DJIEKTPOITUTA.

W3 nony4eHHbIX pe3ysbTaToB CIEAYET, UTO AT
MUHUMH3AIUHA TEIUIOBBIX TMOTEPh Ha XHUAKOM O3JIEK-
TPOJHUTHOM KaToJie HEOOXOIUMO TPUHATH MEpPHI, CITO-
COOCTBYIOIIME YMEHBIICHUIO OMHYECKOTO COMPOTHUB-
JIEHUST CJOS DJEKTPOJIUTAa HaJ TOKOMOABOISIINM
AIIEKTPOJIOM.
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A gas discharge between the liquid electrolyte cathode and a metal anode at currents experimentally
has been studied at the atmospheric pressure in the range of 1—10 A. Consideration was given to the
thermal conditions of the cathode, wherein the electrolyte temperature is close to the boiling point. It is
shown that such critical modes of heat losses at the cathode are almost completely formed at the ex-
pense of Joule heat inside the electrolyte. The conditions to minimize heat losses to the liquid electrolyte
cathode were analyzed.

PACS: 52.80.-s

Keywords: gas discharge, liquid electrode, electrolyte cathode, contact glow discharge electrolysis, mass
carryover of electrolyte.
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