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JOCJIJKEHHSA TA OIIHKA CIIOCOBY AKTUBI3AILIL T'A30BOI'O NOTOKY
JIJISI 3AIACHEHHSI JIETYBAHHSA I'A30IIOIGHUM HITPOTEHOM

Himpoeen € oonum 3 diesux nezyouux, wo nokpawye psaod nOKA3HUKie cmani, npome 0yice
00MeNCEHO POZUUHAEMBCSL Y Hill, 0CODIUBO NPU 88e0eHHI OilbUlL eKOIOIUHUM CROCODOM ) 2a30n00i0-
HOMY CMAHI NPAMUM NPOOYEAHHAM. V 36 83Ky 3 YUM AKMYANLHUM € OOCIONCEHHS MONCIUBOCMI NiO-
BUWYEHHS POUUHEHHS 2A30N00I0H020 HIMPO2eHY npu npoodysanti. IcHylome pizHi cnocobu akmusiza-
yii' 2azy, npome 3a0/1a 3a0e3neyents i0HOCHO HEGUCOKUX eHepeemUuyHUX 3ampam 6y10 3anponoHo6a-
HO 00Caioumu 8apianm akmueizayii Wisxom eniugy HU3bKOMeMnepamypHoi niasmu — e1eKmpuiHoco
KUCMBb08020 po3pady. J0CHionce Hs nposedero Ha PI3UYHOMY CMeHOl, AKUlL MOOeNOE OLIAHKY (ypmu
Ha 6ux00i 051 NOOAYi AKMUBOBAHO20 2A3Y NPU BUKOPUCMAHHI PISHUX MUNIE PO3PAOHUX NPUCMPOI8
3aKPUMO20 MUny: i3 3aHyPrOBAHUM He i301b0BAHUM eIeKMPOOOM MA GUCTHYRATOYUM NPAKINUYHO NOG-
HICTHIO 1301b08AHUM eNlekmpoOoM. Byno npoananizoeano éniué mucky npooysHo2o 2azy ma 008XHCUHU
oyeu (siocmani midc enexkmpooamu) Ha eexmusHicms npoyecy IoHI3ayil NOMOKY HIMPO2eHEMICHO20
easy (Ha npuxnadi nosimps). Bemanosneno, wjo y pasi UKOpucmanis po3psaoHo20 NPUCmpoio i3 3aHy-
PEHUM eNeKMPOOOM CULA CIPYMY, WO (OPMYE aKMUBOBAHUL 2a3, MAE KEAOPAMUYHY 3ATIeHCHICTY 8i0
8I0CMAHT MIJIC e1eKMPOOaMU 3 MAKCUMYMOM npu siocmani oauzvko 15 mm ma mucky npooyeuozo eazy
0,25—0,3 Mlla. Ilpu suxopucmaHmui po3psiOHO20 NPUCIMPOIO i3 GUCIYNAIOYUM eLEeKMPOOOM OMPUMAHI
SHAYHO 8UWYI NOKAZHUKU CULU [OHI308AH020 CIPYMY NPU 30epedcenti 8i3YabHO20 Po3ps0y HA8IMb Npu
sucoxux muckax npooysnozo 2asy (0,6MIla). Ilpu yvomy cuna cmpymy 3pocmae npu 36itbuieni ouc-
manyii po3pady — i3 HAUOINLUUMU NOKAZHUKAMU NPU HUSLKUX NPOOYEHUX muckax. Toomo eapianm
PO3PAOHO20 NPUCIPOIO 13 BUCYNAIOUUM €eKMPOOOM OibUl NEPCNEKMUBHULL 3 THOYKU 30PY AKMUGI-
3ayii HIMPO2EHBMICHO20 24308020 NOMOKY.

Knrouosi cnosa: npooyexa; ¢pypma; akmusizayis; enekmpoo; KUCHbOosUll po3psio.

Nitrogen is one of the effective alloying agents, that improves a number of steel parameters,
but it has limited dissolution in iron, especially when introduced in a more ecological way in a
gaseous state - direct blowing. In this regard, it is relevant to study the possibility of increasing the
dissolution of gaseous nitrogen during blowing. There are various methods of gas activation, but in
order to ensure relatively low energy costs, it was proposed to investigate the option of activation
through the influence of low-temperature plasma - electric brush discharge. The research was carried
out on a physical bench that simulates the section of the lance at the outlet for the supply of activated
gas when using different types of closed-type discharge devices: with a submerged non-insulated
electrode and a protruding almost completely insulated electrode. The effect of purge gas pressure
and arc length (distance between electrodes) was analyzed on the efficiency of the nitrogen-containing
gas flow ionization process (using air as an example). It was established that when using a discharge
device with a submerged electrode, the current strength that forms the activated gas has a quadratic
dependence on the distance between the electrodes with a maximum at a distance of about 15 mm and
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a purge gas pressure of 0.25—0.3 MPa. When using a discharge device with a protruding electrode,
much higher indicators of the strength of the ionized current were obtained while maintaining a visual
discharge even at high pressures of the purging gas (0.6MPa). At the same time, the current strength
increases with an increased discharge distance — with the highest values at low blowing pressures.
That is, the version of the discharge device with a protruding electrode is more promising from the
point of view of activation of the nitrogen-containing gas stream.

Keywords: blowing; lance; activation; electrode; brush discharge.

IHocTanoBka mpo0JjemMn

[linBuIeHHs MIHOCTI CTajel Ta MOKpAaIeHHS X eKCIUTyaTalliifHuX SIKOCTeH — Iie OJIHE 3 OC-
HOBHHUX 3aBJaHb, 110 CIPUSAIOTH BUPILICHHIO MUTAaHHS HaAidHOCTi, JOBrOBIYHOCTI JeTajell Ta KOHC-
TPYKLiH Ta MeTanoeMHOCTI 3arajgoM. Cepen BETUKOl KIIBKOCT croco0iB MOKPAIEHHsT BIaCTHBOCTEH
crajieli OKpeMe Miclie 3aiiMae JIETyBaHHS, Y TOMY YHCIi HITPOr€HOM.

AHaJIi3 0CTaHHIX JOCTITKeHb Ta MyOJaiKkanii

HitporeH, sik neryrouunii eleMeHT, BiIOMH IOCUTh AaBHO, a HOTO IOCTATHHLO BUCOKUH BMICT Y
aTMocdepi poOUTh HITPOreH mie Oibie mpuBaOIMBUM s TexHouoriB [1—5]. JleryBanus HiTpore-
HOM JIO3BOJISIE 3arajioM MiJBUIIUTH SIKICHI eKCITyaTaliiiHi TOKa3HUKM CTalei, a caM Mpolec Mae He-
BEJIMKUHN BIUIMB Ha JOBKULIA.

[onpu BUCOKY «IpUBaOIUBICTH» HITPOTEHY iCHY€E JOCUTH 3HaYHa MEpelKoa i Horo Maco-
BOT'0 BUKOPHUCTaHHA — OOMEXKEHa PO3UMHHICTD Y 3aji3HUX CIUIaBaX, 0COONMBO MPU BHCOKOMY BMICTi
iHIMX KoMmoHeHTiB [6—~8]. [Ipu BummaBLi craneil y 3BHYAHUX METaNIypTilHUX arperatax BEpXHs
MeKa pPO3YMHHOCTI HITpOreHy 0OyMOBJIEHA CTaHJAPTHOIO PO3YMHHICTIO HITPOTEHY Yy CTalli MPH TeM-
nepaTypi JikBixyc. Tak mpu BAyBaHHI HITPOreHY Yy KiBII Kpi3b BEPXHIO MOTPYKHY GypMy IpH BUTpaTi
6—12 m%/rox npupicT BMicTy HiTporeny y merani 3a 5—15 xB. npoaysku cknagae 0,001—0,004 %, a
TIpU BIyBAaHHS Kpi3b TOHHI hypMu i3 BuTpaToro 45—60 M°/rox — IpupicT BMICTY HITpOreHy cKiajae
no 0,02—0,03 % [9].

DopMyTHOBAHHS METH J0CTITKEHHS

IcHye Benmka KiTbKiCTh PI3HOMaHITHHX CIIOCO0IB BBEJCHHS HITPOTEHY B PiIKHI MeTall, MpoTe
HaiOLIbIIe 3aCTOCYBaHHS OTPUMANH ABa CIIOCOOU: MPOAYBAaHHS BAHHH PIAKOTO METaly ra3onoJiOHuM
HITPOreHOM (JIeryBaHHs ra30Moai0HIM HITPOreHOM IPH MPOIyBaHHI y KOHBepTepi un Kosiri [10—13]
Ta BUKOPHCTaHHS a30TOBaHMX Jjiratyp [14—16]. Haiiuacrime Ha npakTHIli BUKOPHCTOBYIOTh OOMIBA
CrocoOu BBEACHHSI HITPOreHy y PiOKHil po3iuiaB, 00 MpoxyBKa ra3onofiOHUM HITPOTeHOM HE J03BO-
JIsie OTPUMATH BUCOKHH BMICT #oro B MeTani (monan 0,1 %) i yacTo XapakTepH3yeThCs HepiBHOMIPHI-
cT0 3acBoeHHs. [yt iHTeHCcH]iKkauii po3urHEHHS HITPOreHy i3 Ta30Boi ¢a3u icHye crocid iHAyKIii-
Hill MJIaBKU MiJ THCKOM 3 BUKOPUCTAHHS HU3bKOTEMIIEPAaTYpHOI IJIa3MH HITPOr€HBMICHHUX Ta30BHX
cyminieit [17], sikuid, BiAMOBIAHO 0 MaTepiaiB aBTOPIB, JAO3BOJSE 3HAYHO MIIBUIIUTU PO3YMHHICTH
ra30BOMIOHOr0 HITpOreHy y craii. Maroodu MO3UTUBHUEN JOCBI POOIT 3 €IEKTPUIHOI BUCOKOBOIBTHOI
akTuBaii kucHio [18], B po6oTi OyI10 3ampornoHOBaHO BUKOPUCTAHHS aHAIOTIYHOTO METOY JIISl AKTH-
BaLlii HITPOTEHY.

V 3BuuaiiHOMy CTaHi BCi ra3u Maike MOBHICTIO CKJIaJalOThCs 3 HEUTPATbHUX aTOMIB UM MOJIe-
KyJI, aAcopOList IKUX TOBEPXHEI0 METAJICBOT0 PO3IIaBy Iependayae cTalilo PO3AijIeHHS MOJEKYIH Ha
HOHM Ta NpHETHAHHS HOHIB JI0 MIOBEPXHI 3 HACTYITHUM PO3YMHEHHAM y po3iuiasi [19]. Tobro, skmo ra3
MoTepeIHbO EPEBECTH Y 1I0HHUN CTaH - «aKTHBi3yBaTW», MPOLEC MOTIMHAHHS HOro pO3IJIaBoOM ITiJBH-
nuthes [20, 21]. e MoxxHa 3pOOHMTH JBOMA MUTSIXaMHU: «30BHINTHIMY», KOJIM 3apsIKCHI YACTHHKH CTBO-
PIOIOTBCS JEFO SIKOTOCh 30BHIIIHBOIO JpKeperna (Horo Ha3MBalOTh i0HI3aTOpPOM), IO (GopMye HecaMo-
CTIHHH po3psia, a00 «BHYTPIIIHIM», KOJH 3apSKEHI YACTUHKH CTBOPIOIOTHCS B rasi Mifl Ji€l0 eJIeKTpHU-
YHOTO TOJIS, SIKE TIOTIM HABOAUTH iX PYyX i CTBOPIOE €JIEKTPUYHHUN CTPYM — CaMOCTIHHHH pO3ps.

Bigomi yncnenni my6mikamii mpo crnocodu Ta MpUCTPOi 31 CTBOPEHHS 10HI30BAHOT'O ra30BOT0
MOTOKY pi3HOro ckiany (masmoBa meranypris) [22—25], ogHak BOHM 0a3ylOThCS Ha TEPMivHIi T1a-
3Mi, JUIsl CTBOPEHHS KO NOTPiOHI 3HaUHI BUTPATH eleKTpoeHepTii. OCHOBOIO 3alPOMIOHOBAHOIO CIIO-
co0y € momepenHs aKTHBi3alis MOTOKY raszy 3a paxyHOK eJIeKTpO(i3MYHHX BIUIMBIB HMOTYKHICTIO Ha
ZiBa — TPH MOPAIKH HIKYe, IO MPU3BEAE JO «aKTHBI3allii» ra30Boro NOTOKY MEpes MOMEHTOM HOro
B3aeMoii 3 posruiaBoM [26]. loHi30BaHMIT Ta30BUIl CTPYMiHb MOXKE T'C€HEPYBATUCS B IyTOBHX, BUCOKO-
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YaCTOTHUX Ta HAJABUCOKOYACTOTHUX IUIa3MOTPOHAX y TJIIIOYOMY Ta KOPOHHOMY pO3psAax, y MOTYX-
HUX sa3epax [19—25]. OxgHak nepeBa)XHUM HANPSIMOM Y CTBOPEHHI 3aC00IB «aKTUBI3ALii» CTPYMEHIO
razy CTOCOBHO YMOB METaJypriifHOro BUPOOHHUITBA € il BUCOKOBOJIBTHOTO PO3PSAY 31 CTBOPEHHIM
KHUCTHOBOTO a00 TIII0YOr0 eIEKTPUYHOTO PO3PSLy Ha TIOBEpXHi enekTpona. Lle 3ymMoBieHo sk mpocTto-
TOIO peaizalii TaHOTro Croco0y i MOXKIUBICTIO IIMPOKOT'O PEryIIOBaHHS NMapaMeTpiB aKTHBI3alii 1o-
TOKY, TaK 1 eHepreTHYHOI0 e()eKTUBHICTIO MPOLIeCy, CTAOUIBHICTIO Ta HAAIHHICTIO Y pOOOTI.
Bukiiax ocHoBHOrO MaTepianay
Mamepianu ma memoou 00cnioiceHHs

VY pamkax npoBeneHoi poboT Ha JabopaTopHii IinsgHLi Bigainy Pizuko-TexHiYHUX TpodiieM
metanyprii crani [UM HAHY Oyno cTBopeHO cTeHa s AOCIHIHKCHHS BUCOKOBOJIBTHOI aKTHUBI3aIlil
ra3oBOro CTPyMEHsl, IO BHUTIKa€e 3 MPOAYBHOI (ypMH, IIPH BUILHOMY MOIIUPEHHI MPH BUKOPUCTAHHI
PO3PSAHOTO TPHUCTPOIO i3 3aHYPIOBATBHUM eIEKTpoaoM (puc. 1 A) Ta BHCTYMAIOYHM EIEKTPOIOM
(puc. 1 B). docmimKeHHsT MO0 BCTAaHOBJICHHS 3aKOHOMIPHOCTEH yTBOPEHHS Ta TOIIMPEHHS HOHIB
MIPH MIPOLYBaHHI HITPOr€HBMICHUM ra30M OyJIM BUKOHaHI 3 BUKOPUCTAHHSM 30HAOBOTrO Merony Jlenr-
Miopa [27]. BumiproBasibHa cuctema (puc. 2) BKIOYaia: BUMIPIOBAIBHHUN 30H], JUKEPEIIO HANPYTH Ta
peecTpylourii 3MiHy CHUJIM CTPYMY B JIaHIIO31 TajgbBaHOMeTp. KinbKicTh HOHIB MEBHOT'O 3HAKy BH3HA-
qaJocs 3a BETMYNHOIO HOHHOTO CTPYMY 32 YMOBH BCTaHOBJICHHS BiATIOBiAHOI MOJSPHOCTI MOTEHIiay
Ha 30H[i.
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Puc.1. Ecki3 cTenaa Juisl JOCTIPKCHHS BUCOKOBOJIBTHOI aKTHBI3aIlil Ta30BOr0 MOTOKY, 1110 BU-
TiKae 3 mpoxyBHOI (ypMH, TP BUTBHOMY MOUIMpPEHHI (i3 3aHYpEHUM €JIeKTPOIOM A Ta BUCTYHNAIOUNM
b): 1 — xopryc ycTaHOBKH, BAKOHAHHH 3 TIPO30POT0 MOTiKapOOHATy; 2 — pyXOMHIA aHOJ BHKOHAHHH
3 HepKaBirovoi cTaii giamerpom 4 mum (y BUNaaKy b BKpuTHIA KepaMiduHOIO 130J11i€10); 3 — MIMHA U1
MiABEJICHHS €JIEKTPUYHOr0 CTPYMY A0 aHOAy; 4 — IUIaCTUKOBAa OCHOBA ISl KPIIUIEHHS aHOIY 3 ILH-
HOIO, III0 TAaKOXK 3a0e3Meuye MPOXOHKEHHS! CTUCHEHOT O Ta3y; 5 — KaToll, BUKOHAaHUi 3 HepKaBitodoi
CTajli Ta OCHAILIEHUH OTBOPOM JiaMeTpoM 4 MM y BUIIAAKYy A, Ta 7 MM y BUNAAKY b, mis 3abe3neueHHs
eKBiBAJIEHTHOCTI MMPOXiAHOT'0 MIEPETHUHY; 6 — BUXiAHE HUJIIHIPUYHE COIIO AiaMeTPOM 2 MM
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Puc. 2. BumipioBanbHa cxeMa OLIHKY CTYIEHS aKkTHBI3allii ra3y i3 3acTocyBaHHSAM 30H1aa JleH-
rmiopa: 1 — cTpmwkHeBHil enekTpos, 2 — KaToa-aiiba, 3 — npoayBHa ¢ypam, 4 — IJIaCTHHU OaT-
ynka Jlenrmiopa, 5 — Mikpoammnep MeTp, 6 — OJIOK JKUBJICHHS JaTYhKa

KoHcTpykuist po3psiHUX OpUCTPOIB Tependayana po3MiLIeHHS Y IPO30pOMY KOPITYCi, BUKO-
HAHOMY 3 TI0JIIKapOOHAaTy, METAJIEBUX aHOAY 1 KaTtoxy. [Ipu boMy aHOJ] BUKOHAHHUN TaKMM YHHOM, L0
JIO3BOJISIE PEryJIIOBATH BiACTaHb MK HUMH. EnexTpoayu BUroToBIeHO 3 Hepxairouoi crani. Karon mae
BUTJISAA [A0N TOBIIMHOIO 2 MM 13 OTBOPOM I10 LEHTPY 4 MM. AHOJ BUTOTOBJIEHO 31 CTPIIKHA i3 Pi3b-
OO0BOIO YaCTHHOIO, TOBIIMHA 4 MM. Y BUIAJKy 3aHYPIOBAJILHOTO €IEKTPOAY aHOJ He OYyB i30Jb0BaHUIA,
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a y BUNAJKY BUCTYIAIOUOT0O €IEKTPOoAy — OyB i30/IbOBaHMH 32 BUKJIIOUEHHSM KiHLIEBOi YaCTHHH, SIKa
¢dopmyBasia po3psn i3 KatomoMm. Buxigauil oTBip 3 monikapOOHAaTHOroO Kopiycy ckiazae 2 mMm. Ha
KIiHIIl aHOJ Ma€ Tuiackuit 3pi3. (puc. 1). Enekrpomy po3mimryBaiucs Ha (piKcoBaHii BiICTaHI OAWH Bij
oxHoro 3—21 MM y BUNIaAKy 3aHYpIO BajdbHOTro enekrpoay Ta Big 20 mo 40 MM y BUIIaAKy BHCTYIAIO-
YOro eIeKTPOAY 13 OAHAKOBHM IIATOM 3 MM.

[MpoxyBHuii ra3 (MOBiTPs) MOAABABCS B TOPOXKHHUHY JIAOOPATOPHOTO TPHCTPOIO 32 TOMIOMOT0I0
KOMITpecopa Kpi3b JOJATKOBHUI OCYIIyBad IOBITPS i3 peryliOBaHHAM THUCKY. THC a3y min 4ac BUMipy
MiATPUMYBaBCs Ha BCTaHOBICHOMY DiBHi. Byso mocnmimkeHO BEMWYMHM THUCKY MPOIYBHOTO Ta3y Bij
0,1 MITa no 0,6 MITa i3 marom 0,05 MITa.

Takox Oyi0 mociimkeHo Ta 3a)ikcOBaHO BiIEOKaMepOIO BILUTUB TUCKY Ta BiJCTaHI MK €JIEKT-
pOAaMu Ha BEIMYMHY CHIIU CTPYyMY, 10 (OPMY€ aKTHBOBAHHH MOTIK.

Pezynomamu 0ocnioicens

[epm 3a Bce, cig BIAMITUTH, IO 32 YMOB BiJICYyTHOCTI IOJayi ra3y MiX €JIEKTPOJaMHU CIIO-

cTepiraBcsi KHCThOBHH po3psin (poto Ha puc. 3).

Puc. 3. XapaktepHuil BUTTISA PO3PAIIB MK €eKTpogaMu Oe3 Mmojadi MpoAyBHOTO rasy mpu
BiJICTaHi Mixk enekTpogamu: A — 6 MM 1a b —12 mm

[Ipu 9omy #oro moTyxHicTb Oyia BHCOKOIO, IO MPH HEBEIMKIM BiACTAaHI MIXK EIEeKTpOJaMH
(mo 9 MM) mpoBOKyBaia 3HAYHUN PO3IrpiB eneKTponiB (po3psy HaOyBaB KOBTOraps4oro KoJibopy), a
npu OUIBLIIN BificTaHi PO3psii MaB BUTJISA KUCTHOBOTO 13 CHHIM KOJBOPOM IYyTH i 30epiraBcsi mpoTsi-
TOM BCBOTO JIOCITI/PKEHOr0 liama3oHy BificTaHel Mixk enekrpogamu (10 21 mm).

Crnoyatky OyB OOCHIPKEHHH BapiaHT MPHUCTPOIO AJsi GOpMyBaHHS PO3psAAy i3 3aHYpIOBallb-
HUM enektpogoM. Ilogaua razy 3 Bennunnoro THcKy a0 0,25 MIla 30inbn1yBana BisyadbHO €1EKTpHY-
HUI po3psa (KUTbKICTh Ha yacToTy (opMmyBaHHs po3psni). Ha puc. 4 ne Bianosigae ¢oro 1—4. Ilo-
Janelie 30UIbIIeHHs] THCKY mpoayBHoro ra3y 10 0,3 MIla 3meHmyBana BizyalnbHUH HpPOSIB pO3PSAY
(doro 5 Ta 6) mo omHMYHKX TPo6oiB i Bume 0,35 MIla po3psa He crocTepiraBes pH AaHOMY THUIIOBI
PO3PSAHOTO MPUCTPOIO, TOMY PE3YJIBTATH JUIS IIUX THCKIB HE HaBeNeHI (IPOIYBKY J0JaTKOBO IPOBO-
mann 1o 0,6 MIla mist yrodHeHHS MOXJIMBOCTI MOSBH PO3PSAY MPH BUCOKOMY THCKY MPOAYBHOTO
rasy).

3apeecTpoBaHi pe3yabTaTH BUMIPY BEIHUYMHU «aKTHBI3allii» Ta30BOT0 MOTOKY BiJl MapaMeTpiB
(dhopMyBaHHS po3psiny HaBeneHi Ha puc. 5. [lepin 3a Bce mpoaHaTi30BaHO BIUIMB BiJICTaHI MK €IEKT-
pOaMu — JOBKWHU AYTH, Ha CHIIY 10HI3aliHHOrO OTOKY. BCcTaHOBIEHO, IO Il TUCKY IPOIYBHOTO
ra3y 0,1—0,15 MIla 30inbIneHHs BifCTaHi MK eIEKTpoAaMH (IOBXXHHU IyTH) BiIOWBaIOCS y 3011b-
LICHH] CUJIM CTPYMYy «aKTHBi30BaHOTO» MOTOKY. IIpoTe 1i BENMMUMHU TUCKY Ta3y AOCUTh HU3bKi AT
YMOB peanbHOi mpoayBKH. [Ipu OinpIMX BeMMYMHAX THUCKY MPOAYBHOTO ra3y BCTaHOBJIICHO, IO CHIIA
CTPYMY «aKTHBI30BaHOT0» MOTOKY Bifl IOBKHWHHU AyTd Ma€ HETIHIHHUHA XapakTep i3 MaKcHMi3ali€ro
MOKa3HMKIB MpH BiAcTaHi MK enektpopamu 12—18 mm. [Ipu upomy yum Oinblie THCK IPOAYBHOTO
ra3zy, THM NPy MEHIIIM BifcTaHi MK €JIEKTPOJaMM CHjla CTpyMy HaOyBa€ MaKCHMAIbHUX 3HAYCHb.
Kpim Toro cmig BiA3Ha4YWTH, IO MaKCHMaJbHI BEIMYWHU CHIM CTPYMYy «aKTHBI30BAHOTO» IOTOKY
BIIMOBiAaI0Th THCKY NpoayBHOro ra3y 0,25 MIla — THcKy, BHIIe SKOTO OYMHAE «3HUKATH» BUANMA

Jyra.
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Puc. 4. Xapaktepri (HOTO po3psily MiX eleKTpoAaamH mpH Bimctani 18 mm ming yac momaui
npoayBHOTro Tasy i3 tTuckom: 1 — 0,1 MIla, 2 — 0,15 MlIla, 3 — 0,2 MIla, 4 — 0,25 MlIla, 5 — 0,3
MlIla, 6 — 0,35 MIla, 7 — 0,4MIla, 8 — 0,45MIla
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Bincranp Mixk eeKTpoaMu, MM

Puc. 5. 3anexHicTe cuim CTpyMy 10HI3aliHHOTO MOTOKY BiJ| BiICTaHI MIX €EKTPOAAMH IIPU
pi3HIH BeIMYMHI TUCKY mpomyBHoro rasy: 1 — 0,1 MIla, 2 — 0,15 MlIla, 3 — 0,2 MlIla, 4 —
0,25 MIla, 5 — 0,3 MIla

Ha npyromy erani 0yno AOCITIPKEHO BapiaHT PO3PSIHOTO MPUCTPOIO 13 €IEKTPOJIOM, IO BH-
CYBa€ThCs Briepe] (BUCTYMAKOUMIA 3ai301bOBaHMUiT eneKTpos). byno BcTaHOBIIEHO, 1110 y TaKOMY Bapia-
HTI IPOTSHKHICTH PO3PSIIHOL IyTH 3HAYHO 30UIbIIMIIACS MPH THX XK€ BIACTaHAX MDK €JIeKTPOJaMHU de-
Pe3 MUMOBITEHE HaBEACHHS PO3PALYy JOJATKOBO BCEPEIMHI KaMepH, HE TUBJISYUCH Ha 1301110, ¥Y3a-
TajbHEHI pe3ylbTaTy MPOBEICHUX JOCHTINIB HaBe/neHI Ha puc. 6. [lepur 3a Bce cmij BiA3HAYUTH, IO
MPU BUKOPHUCTaHHI LHOTO TUITY PO3PSAHOTO MPUCTPOIO Oyiia MOXKIIMBICTH MPOBECTU JOCTIAN 3 IIUPO-
KUM J[ialla30HOM THUCKY mpoayBHoro rasy (mo 0,6 MIla), o Oy10 3HaYHOK BiIMIHHICTIO Bif momepe-
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IHIX J0cTiAiB, ae Bxke npu Tucky Oinpme 0,3 MIla po3psia mpocto 3HuKaB. [pyroro 3Ha4HOIO BiAMiH-
HICTIO OynM OTpHMaHi 3HaUYeHHS CHJIM CTPyMY 10HI3aLlIfHOTO MOTOKY: Ha TMOPSAIOK OiNblie, HX MpU
BHUKOPHUCTaHHI MEPIIOT0 TUITY PO3PsIIHOro mpucTporo. KpiM Toro ciig Bim3Ha4uTH, M0 Y LHEOMY Bapi-
aHTi He OyJlO OTPUMAHO ONTUMYMY 3a BEIMYMHOIO, a CIIOCTEPIranocs 3pOCTaHHS CHIIM CTPYMY IpH
30LIBIIIEHH] BiICTaHI MIXK €IEKTPOaAMH.
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Puc. 6. 3anexHIiCTh CHIIM CTPYMY 10HI3aL[IHHOr0 MOTOKY BiJ BiACTaHI MK €IEKTPOAAMH MPH
BHUKOPHUCTaHHI APYroro TUILY PO3PAIHOrO MPHUCTPOIO MPH Pi3HINA BETHMYUHI THCKY IPOAYBHOrO rasy: 1
— 0,1 MIla, 2 — 0,15 MIla, 3 — 0,2 MIla, 4 — 0,25 MIla, 5 — 0,3 MIla, 6 — 0,35 MIla, 7 — 0,4
MIla, 8 — 0,45 MIla, 9 — 0,5 MITa, 10 — 0,55 MIla, 11 — 0,6 MIla

Takox Oyio BiAMideHO, IO MpH 301IBIIEHI TUCKY MPOAYBHOI'O Ta3y cuja CTPyMy aKTHBi30Ba-
HOT'O Ta3y He 301IbLIyBasIacs, a HaBIAaKH, 3HIDKYBAJIACS: CIIOYAaTKy IHTEHCUBHO — NpH 30UIbIIEH] THC-
Ky 3 0,1 no 0,3 Mlla, moTiM iHTEHCUBHICTh 3HWKEHHS CHJIM CTPYMY 3HA4YHO 3MEHIIMJIAcA 1 OTpUMaHi
3aJIeXHOCTI mpH THCKY npoxysHoro raszy Bin 0,3 mo 0,45 MIla gyxe O6mu3bki, a npu HOAAIBIIOMY
30inpmenHi tucky 3 0,5 no 0,6 Mlla 3HOBY nekiiibka modaja 3HWKYBaTHCh. T00TO BUKOPHCTAHHS
JAHOTO THUITY PO3PSAHOTO MPUCTPOIO € Olnblie e eKTUBHUM 151 aKTHB13alii HITPOreHBMICHOT O rasy, a
HaOLTBII e)EeKTUBHOIO € MPOAYBKA 3 HU3bKUM THCKOM HPOJYBHOT'O Ta3y.

BucHoBkn

Ha ¢iznunoMy crenzi, 110 MOJENIoe AUISHKY GypMH JUIsl TO1a4i aKTHUBOBAHOTO ra3y IUIIXOM
BUKOPUCTAHHSI PI3HUX THIIIB PO3PSIIHUX MPHUCTPOIB 3aKPUTOrO TUIY OYyJIO MPOAaHATi30BaHO BILIUB
THUCKY Ta JIOBKHHH Jyr'd Ha e()eKTHBHICTh MPOIIECY 10HI3aIlii MOTOKY HITPOreHBMICHOTO Ta3y (Ha mpu-
KJIaJi MoBiTpst). BcTaHOBIIGHO, IO Yy pa3i BUKOPHCTAHHS PO3PSIHOTO MPUCTPOIO 13 3aHYPEHHUM EIICKT-
POIOM cHila CTpyMy, 0 GOpMy€e aKTUBOBAHMH T'a3, Bl BifICTaHI MiX €IEKTPOIaMH Ma€ KBaIpaTHIHY
3aJIeKHICTh 3 MAKCHMYMOM IIpH BiAcTaHi 0nu3bko 15 MM Ta Trcky npoaysHoro rasy 0,25—0,3 Mlla.
[Ipy BUKOpHUCTAHHI PO3PATHOTO MPHUCTPOIO 13 BUCYBHUM EJIEKTPOJOM OTPHUMAaHi 3HAYHO BHILI MOKa3-
HUKHU CHJIM 10HI30BaHOTO CTPYMY, SIKi 3pOCTalOTh NpH 30UIbIIEH] AUCTaHIIl PO3psILy — i3 HallKpamu-
MU TOKa3HUKaMU TPU HU3BKUX MPOLYBHUX THUCKaX. ToOTO BapiaHT pO3PSOHOTO MPUCTPOIO i3 BUCYB-
HUM eNeKTPOJIOM OiNbII MEpCIeKTUBHUM 3 TOYKM 30pY AaKTWBi3alii HITPOT€HBMICHOTO Ta30BOTO
MOTOKY.
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RESEARCH AND EVALUATION OF THE METHOD OF ACTIVATION OF THE
GAS FLOW FOR ALLOYING WITH GASEOUS NITROGEN"

Abstract

Increasing the strength of steels and improving their operational qualities is one of the main
tasks contributing to solving the issue of reliability, durability of parts and structures. Alloying, includ-
ing nitrogen, occupies a special place among the large number of ways to improve the properties of
steels.

Nitrogen, as an alloying element, has been known for a long time, and its sufficiently high
content in the atmosphere makes nitrogen even more attractive to technologists. However, it has li-
mited solubility in iron alloys, especially with a high content of other components.

There are various methods of gas activation, but in order to ensure relatively low energy costs
and having positive experience of works on electric high-voltage activation of oxygen, it was proposed
an option of activation by creating an electric brush discharge.

The research was carried out on a physical bench that simulates the section of the lance at the
outlet for the supply of activated gas when using different types of closed-type discharge devices. The
devices differed by the arrangement of one of the electrodes: with a submerged non-insulated elec-
trode and a protruding almost completely insulated electrode. The effect of purge gas pressure and arc
length (distance between electrodes) on the efficiency of the nitrogen-containing gas flow ionization
process (using air as an example) was analyzed. It was established that when using a discharge device
with a submerged electrode, the current strength that forms the activated gas has a quadratic function
on the distance between the electrodes with a maximum at a distance of about 15 mm and a purge gas
pressure of 0.25—0.3 MPa. With a further increase in pressure, the visible discharge disappears and
the current decreases.

When using a discharge device with a protruding electrode, much higher indicators of the
strength of the ionized current were obtained while maintaining a visual discharge even at high pres-
sures of the purging gas (0.6MPa). At the same time, the current strength increases with an increased
discharge distance — with the highest values at low blow-by pressures. That is, the version of the
discharge device with a protruding electrode is more promising from the point of view of activation of
the nitrogen-containing gas stream.
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