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during their saturation with gases at temperatures up to 1700°C on the developed pilot plants. The latter fact may be due
either to the presence of delamination in such oxide-fluoride liquid systems, or with some kind of phase transformations
during their cooling doing solidified flux, even in the conditions of its instant glass is extremely heterogeneous. A series
of experiments were made to saturate a number of melted flux with water vapor in the condition of contact with the
equilibrium gas phase (H,O+HF). The hydrogen content in the samples 00f fluxes ANF-1, ANF-6, ANF-29, ANF-291
and "Bisra" was found to be several tens cm*/100g of flux. With greater or lesser clarity the solubility of hydrogen tends
to decrease with the increasing of the temperature for the first 50...100°C from the minimum possible for the liquid
state. The theoretical estimate of the temperature dependence of the solubility of hydrogen in the molten flux, that are in
contact with the equilibrium gas phase (H,O+HF), was implemented. The estimated equation for the proportion of H*
ion (X;) obtained earlier for the fluoride-oxide systems only in a general way was used, basing on the ionic theory of so-
lutions with an arbitrary number of cations and anions. After substituting of the obtained values of the x; and finding the
constants of the equation has been found with the temperature increasing on 100°C maximum decrease of values of Cy
should occur for flux ANF-6, where it reaches 20%, the least changes Cy (5+7%) should occur for the flux "Bisra" and
are assumed such for the flux AN-291 and ANF-29. A series of experiments on the saturation of the number of melted
flux in a reducing atmosphere of pure hydrogen were made. It is established that values of Cy have also the order of
several tens of flux cm*/100 g of flux and in a known degree correlates with the points, obtained in the process of satu-
ration of the same melt with water vapor.
Keywords: saturation, water, hydrogen, flux, melt, gas phase.

JImumpenxo H.B."
IIponunaemMocTs BOAOPOaa BO (PTOPUAHO-OKCHIHBIX paciiiaBax

1 . . .
Jmumpenkxo HUnna Buxmopoena, accucmenm, Q0ecckuil HAYUOHATbHBII NOIUMEXHUYECKULL YHUGepCcumen,
2. Odecca, Yrpauna

AHHOTaNUsI: AHAIU3 BCeH COBOKYITHOCTH MMEIOIUXCSI B PACCMOTPEHHOM 00JIaCTH CBEICHHH MO3BOJISET C/ENATh BbI-
BOJl, YTO IIPOHUI[AEMOCTh BOAOPOJA B (DIIIOCOBBIX paciijiaBaX, KOTOPBIE MCIIOJB3YIOTCS JUIsl MeperuiaBa, OKa3blBaeTCs
CPaBHUTEIILHO BBICOKOW. BeencTBHE 4ero OTKPBITHIM IMpoIlece MeperiaBa He 00eCreunBacT HEOOXOMUMOM 3alUThI
MepeIUIaBIIeMOTO MeTajla OT Bogopoaa. HaMu mpoBeieHO cHavala CHCTEMAaTHIeCKOe MCCIIeIOBaHNE TPOHUIIAEMOCTH
BOJIOpOIa psima Ooyiee BCETO MHUPOKO MPUMEHIEMBIX B IPOMBIIUICHHOCTH cTaHAapTHEIX ¢urocoB DI, a 3aTem ¢ yde-
TOM TIOJTYYCHHBIX PE3yJIbTaTOB HadyaTa MOTBITKA OMCKA HOBBIX (DIIFOCOBBIX KOMITO3HUIIHH, KOTOPEIE 00SCIIEYHBAIOT 3 (-
(hEeKTUBHYIO 3aIlIUTy OT BOAOPOAA MEepEILIaBIsIeMbIX cTajei. Pa3paboTka HOBBIX COCTaBOB ()IIFOCOB MPOBOAMIACH HA OC-
HOBE IIUPOKO MPHUMEHSIEMBIX B MeTautyprun kommoneHros: CaF,, CaO, MgO, Al,Oz u SiO,. [lnst cHuKeHHs ke UX
MPOHUIIAEMOCTH BOJOPOJIOM M YMEHbIIEHHE (DIIOKEHOUYBCTBUTEILHOCTH MEPEIIABIsIeMbIX KOHCTPYKIIMOHHBIX CTallei
ucciaenoBayiach 3G(HEeKTHBHOCTh BBEICHHS B HUX ONTHUMaJIbHBIX JOOABOK (hTOPHIOB, XJIOPUIOB M OKCHIOB HEKOTOPBIX
ruapunoodpasyrommx smeMentoB (Ca, Li u Ce). MeToanka mpoBeAeHUS UCCICIOBATEIBCKHX TIABOK OCTaBalaCh CTaH-
naptHoil. I1pu nepennase cranu mapku 08X18H10T naiizeno, 4To a1 JaHHOW MapKH CTalld BeJIMYUHA Q4 B 3aBucH-
MOCTH OT OCHOBHOCTH (JIFOCOB MEHSIETCS 10 IKCTPEMAIBHOMY 3aKOHY ¢ MAKCHMYMOM Q j; TIpH OCHOBHOCTH B TIpeeNax
1,5...1,7. Otnocurenpno DIIIT ctamu 08X18H10T uccnenoBanHbl BOJIOPOAO3AIIUTHIE CBOWCTBA HEKOTOPBIX HCCIEN0-
BaTEIbCKUX (PIIFOCOB, M30PaHHBIX IIaBHBIM 00pa3zoM Ha ocHoBe cucreM CaO — SiO, u CaF, — CaO — SiO,. ITokazano,
YTO /I 00ECIIeYeHUs! YIOBIETBOPUTEIbHBIX BOJOPOI03ALIMTHBIX CBOUCTB (PTOPHIHO-OKCUIHBIX (DIIFOCOB CHUKEHHS B
Hux conxepxkumoro CaF, Hmxke 25 % HenenecooOpasHo. HaiifeHo aBa OpUTHMHAIBHBIX (PIIFOCOBBIX COCTaBa, KOTOPHIE
06eCIIeUnBAIOT CHIKEHHE 3HAYCHHS Q |y [0 CPABHEHHIO C JTYUIIMMU CTAHAAPTHBIMU (iocamu. st KOHCTPYKIIMOHHBIX
craneit 40XH, 15X3HM® onpesie/eHHbI BeIHUuHb Q i B YCIOBHAX MEPEIUIaBa HX ¢ NPHMEHEHHEM KaK CTAHIaPTHbIX,
TaK W UCCIENOBATENbCKUX (DIIFOCOB, COCTABIEHHBIX Ha ocHOBe cucTeMbl CaF, — CaO — Al,O3 — SiO; ¢ moGasnennem K
HHUM B Pa3HBIX KOMOMHAIMAX (PTOPUIHBIX, XJIOPUIHAX U OKCHUJIHBIX COEAMHEHUH CPaBHUTEIHLHO C pacipoOCTPaHEHHBIMH
CHIIBHBIMU THApUroo0pasyromumMu snemenTamu (Li, Ce u Y). YcranosneHo, 4To it 130paHHBIX cTaneil BoJopo1o3a-
IIUTHBIE CBOWCTBA CTAHJAPTHBIX ()IFOCOB HEYIOBJIETBOPUTEILHBIC (BETMUUHBI QOH HaxoJmsTcs B mpeaenax 1,95...3,46)
Haiineno, 4To onTUManbHble COSAMHEHUS! OCHOBHBIX KOMIIOHEHTOB (rtoca 1 100aBOK COEMHEHUH THIPpUA000pas3yro-
IIMX 3IEMEHTOB, KOTOPbIE BBOJAT B HHX, MO3BOJAIOT CHU3HTH BENMUHMHBI Q 1 K 3HAYCHUSAM CYIIECTBEHHBIM 0OPa3oM
MeHbmX 1,5. VI3 monmydeHHBIX MaTepHalloB HEKOTOPBIE HCCIIEI0BATEIbCKUE COCTABHI ()IIOCOB PEKOMEHIOBAHBI IS
MPAaKTHYECKOTO MCIIOJIb30BAHMS B IIPOIIECCAX HIICKTPOLLIAKOBOTO IEpeIuiaBa MCCIIeT0BAHHBIX KOHCTPYKIIHOHHBIX CTa-
Jent.
KaioueBnie ci1oBa: Bosopo/, ¢uroc, paciias, eperuiaB, CoCTaB, CTallb

BBenenue. Ananm3 Bceil COBOKYITHOCTH UMEIOTITHX- neperJiaBa, OKa3bIBa€TCsl CPABHUTEIHHO BBICOKOM.
Csl B PACCMOTPEHHOW OOJIACTH CBEJCHWH TMO3BOJSET  BClleCTBHE Yero OTKPHITHIN MpoIiece MeperniaBa He
clenaTh BBIBOJ, YTO IPOHHUIIAEMOCTh BOJOPOAa B  OOecleyrBaeT HEOOXOAMMON 3alllUThI MEeperiaBiis-
(hTIOCOBBIX paciiaBax, KOTOPBIE UCTIONB3YIOTCS I €MOr0 MeTajuia oT Bojaopoja. Hamm mpoBemeHo
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CHayJaja CUCTEMaTHYeCKOe MCCIIEIOBaHNE ITPOHHUIIA-
€MOCTH BOZIOpOJa psima Oojiee BCETO MIMPOKO IMPH-
MEHSEMBIX B IMPOMBIIUICHHOCTH CTaHIAPTHBIX (DITFO-
coB DIIII [1], a 3aTemM ¢ y4eTOM MOTYyYEHHBIX pe-
3yJNbTaTOB HAaYaTa MOMBITKA MTOMCKA HOBBIX (IIFOCO-
BBIX KOMITO3HIIHH, KOTOPBIE 00ecteunBaroT dhdhek-
TUBHYIO 3alllUTy OT BOJIOPOJa TMEPEIUIaBIIEMbIX
CTaneu.

MeToabl oneHkHM 3Kcnepumenta. HaBogopo-
KEHHOCTh TIEPEIUIABJICHHOTO METaJlIa OI[CHUBAJIACh
M0 pe3yJibTaTaM UCCIeA0BaTebcKuxX TuraBok DIIITT
HECKOJIbKIMH KOJMYECTBEHHBIMU XapaKTEePHUCTUKA-
mu. [lepBasi ¢ HUX — HABOJIOPOKEHHOCTh MEPETLIAB-
msiemoro metaimia A[H] — mpencrasmser coboit pas-
HOCTb MEX/Iy UCXOJIHBIM COJICPXaHHEM BOJIOPOJIA B
pacxomyemoM anekTpoae [H],x ¥ 3HaueHueM KOH-
LIEHTPAIUH €T0 B TOTOBOM CIUTKE [H ]

A[H] = [H]KOH - [H]ch. (1)

C mnpuBnedeHmeM 3akoHOMepHOCTe [1], BO3-
MOXHO TOKa3aTh, yTo BenuwumHa ([H] mpu stom
OKaXETCSI MPOIMOPLMOHATBHON BOJOPOAHONW MPOHU-
[IaeMOCTH IITaKOBOro pacmuiaBa. [lapamerp A[H],
ompeiensieMblii ¢ TMmoMompio ypaBHeHus (1) mis
pa3HbIX (UIFOCOB MO3BOJISIET MPU HUACHTHYHBIX TEX-
HOJIOTHYECKHX MapaMeTpax IUIaBOK HENocpe-
CTBEHHO CyIUTh O BIMSHHMU (IIrOca Ha HaBOIOPO-
KEHOCTh MEPEIIaBICHHOr0 MeTaa.

Onnaxko, uccnenoatenbckue 3Hauenus ([H] mo-
I'yT UMETHh pa3Hble 3HAKH, KOTOpBIE YTPYIAHAET HX
KOJINYECTBEHHOE CONOcTaBieHue. st momyueHus
0e3pa3MepHBIX BEIUYMH, KOTOPBIE XapaKTepU3YIOT
OTHOCHUTENIBHYIO HAaBOJIOPOKEHOCTh MeTaiuia (Ipu
3aJaHHBIX YCJIOBHUSX MPOBEIEHHS IJIABOK), LIEJIECO-
00pa3HO UCIOJIB30BaTh U JIPYroe COOTHOLICHNE

QH: ([H]ch + A[H]) / [H]ucx ’ (2)

rae Qu — nmokaszaTesib HaBOJCHEHOCTI MeperlIaBIeH-
HOTO MeTaa.

Paccunrannsie 3a gopmynoit (2) 3Hadenne Qy
BCErJa OKaXyTcs MOJIOKHUTENbHBIMU. B TOM ciyuae,
KOrJia coJiepKaHre BOAOpOZa B MeTaje B Ipolecce
neperuiaBa Bo3pacrtaeT, BennunHa Qp>1, B mpoTHs-
HoM ciydae Qp<l. Jlas Tex peIkux ciydae, KOrja
B npouecce EIIIT He npoucXoauT U3MEHEHHE BEIU-
gnabl [H] metamna, Qy = 1.

Jia comocraBieHHs pe3yJbTaTOB HCCIEN0Ba-
TEJIHCKUX IUTABOK, KOTOPBIE MPOBOAMIINCH B Pa3HBIE
0PI FOJIa U NPU Pa3HON BIIAKHOCTH LIEXOBOM aT-
Moc(epbl, UX MOXKHO TPEACTaBUTh B BHUJE NpHUBE-
JEHHOTO TIOKa3aTeNsl HaBOAOPOXKEHOCTH MeTaja
Q°y. OH ompenensiercs ¢ yuyeToM ypaBHeHus (3) u3
COOTHOULIEHHUS

Q% = Qu '(POHZO/PHZO)O'S, 3

B KOTOpOM QH — II0Ka3aTejyib HaBOAOPOKCHHOCTU
MEPCIUIaBJICHHOTO MCTaJljia, PHZO — HnapnuajibHOC
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JTaBJICHUE TIapOB BOJBI B TIPOIIECCE TUIABKH; P°H20 -

napuuaIbHOE JaBJICHUE MApOB BOABI MIPH MPUHATHIX
cranaapTHeIX yenoBusx: 50 % BmaxHocTs Tipu 25°C
(1,58-103 ITa).

IIpoBeneHune 3KcHepUMEHTAa W Pe3yJbTAThI
obcysxnenusi. J[ns n30paHHBIX YCIOBUH SKCHEpH-
MEHTHPOBaHHUs ornpezeieHHble 3HaueHus & [H], Qy
n Q°y 3a ypaBHermsmu (1) — (3) kak Ui craHgapT-
HBIX (IIOCOB, TaK H Ui UCCIEIOBATEILCKUX.
BrnakHOCTh 1IEXOBOH aTMOCc(epsl MPH NPOBEACHUN
3THX TUIABOK ONpejAessuiach Mo Tmomonm Jadbopa-
TOPHOTO McUXpoMeTpa. Pa3Hble 3HaueHMs (aKTHue-
ckux PH,0 ObuH 00yCNOBICHHBIE CYTOYHBIMU H CE-
30HHBIMH KOJEOaHHMSMH BIaXXHOCTH aTMOC(EpHOTrO
Bo3yXa [2].

Pa3paboTka HOBBIX cOCTaBOB (DIIFOCOB MPOBOIU-
JlJaCb Ha OCHOBE IIHMPOKO IMPUMCHACMBIX B METall-
ayprun komnonentoB: CaF,, CaO, MgO, Al,O; u
SiO,. JIist CHIXKEHUsSI e UX MPOHUIIAEMOCTH BOJIO-
poaoM U YMCHBLUIICHHE (bHOKeHO‘IyBCTBI/ITCHLHOCTI/I
MEPEIUIABISIEMbIX KOHCTPYKIIMOHHBIX CTaled uc-
ciemoBanack 3PQPEeKTUBHOCTh BBEACHHUS B HUX OIl-
TUMAaJIbHBIX J00ABOK (TOPUIOB, XJIOPUAOB U OKCH-
JIOB HEKOTOPBIX THUAPHI000Pa3yIOMIUX BIIEMEHTOB
(Ca, Li m Ce). Meroninka mpoBeIeHUST HCCIIEN0BA-
TENBCKUX TUIABOK OCTAaBaNTACh CTaHAAPTHOM.

Bcero Obuto nporeneno 30 napasuienbHBIX ILIa-
BOK. OCHOBHOE BHUMaHHE OBLIO YIENEHO HCCIENO-
BaHHIO HABOJOPOXKECHOCTH TMOJ[ (DIFOCOBBIMU pac-
mraBamu aByx cucrem: CaF, — CaO — SiO, u CaO —
SiO; ¢ mo6aBkamu k Hum LiF, CaCl,, Li,O. TTomy-
YCHHBIC  PE3yJabTaThl JJS  MeperuiaBa  CTaln
08X18H10T ¢ mnpumeHeHueM (IOCOB CUCTEMBI
CaF,— CaO - SiO, npencraBnennsie B Ta0I. 1.

Tabauna 1
Pe3ynbTathl m1aBoK NpH NeperiaBe CTaiu
08X18H10T mox dmrocamu cCUCTEMBI
CaF,— CaO - SiO,

Xumudeckuit coctaB ¢uroca, Macc % Cpennee
CaF, | CaO | SiO, |CaCl,| LiF |3HaueHue Q%
33,0 | 33,0 | 33,0 - - 1,05
40,0 | 20,0 | 15,0 — 15,0 1,40
15,0 | 350 | 25,0 | 15,0 | 15,0 1,24
35,0 | 25,0 | 25,0 - 15,0 1,18
40,0 | 25,0 | 25,0 - 10,0 1,13
45,0 | 25,0 | 25,0 — 50 1,14
40,0 | 10,0 | 25,0 | 15,0 | 10,0 0,93

Job6aBkamu K 3TUM (hiIrocaMm Ha OCHOBE 3TOH CH-
crembl ipumenennsie CaCl, (15 mac. %) u LiF ( ot
5 no 15 mac. %). DranoHHBIM (PIIFOCOM B PaccMoOT-
PEHHOM TpyIIe ONBITOB BHIOpaHO (IIIOC C PaBHBIM
conepxxuMbiM (1o 33,3 mac. %) Bcex Tpex KOMIIO-
HEHTOB cucteMbl. [l Hero BemmumHa Q°y = 1,05.
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Hannyu-mmM ¢umrocoM U3 MccinenoBaHHOTO Habopa
okazaics droc cocrasa 40CaF, — 10Ca0O — 25Si0,
— 15CaCl, — 10LiF, xoTopslii oOecrieunBaeT B IIaB-
KaX CyIIeCTBEHHYIO Jerasamuio metamia Q°y
0,93).

Ji1st oeHKHU BIMSHUS COCTaBa (piroca HAa MPOHU-
L[aeMOCTh BOJOPOAA B cucTteMe (haroc-MeTamn u3-
OpaHO ero XapakTepHUCTUKy — OCHOBHOCTb. JTO
Ba)KHAsT METaJUTypruyecKas XapaKTepHUCTHKa, KOTO-
past uMeeT OoJbIIOE BIMSIHME Ha IPOLIECCHI T'HApa-
Taguu (aroca W Ha OKHCIHMTEIbHO-BOCCTAHOBH-
TEeJNbHBIC MPOIIECCH Ha TeTEPOTeHHON TrpaHulle pas-
nena (a3 MeTayulbl-IUIaKU. B cBs3u ¢ 3TuUM permia-
Jach 3a7ada CPaBHUTEIHHOIO aHAIN3a BBIPAKECHHUM
ocHOBHOCTHU OT B 110 By [3] u onienku BausHUS pas-
HBIX KOMIIOHEHTOB (IIOCAa M WX COOTHOIICHUH Ha
MIPOHMLIAEMOCTh BOJIOpoa (comepskaHue B Mac. % ):
B = [(Ca0)+(MgO)J/[(Si0;)+0,5(AL0;)];
B;=(Ca0)+(Mg0)+(Ba0)+(Na,0)+(K,0)+(CaF,)+0,5(MnO)+(
FeO)]/[(Si0,)+0,5(Al,03)+(TiO,)+(ZrO,)];
B,=[(Ca0)+(MgO)+(MnO)+(K;0)+(Na,0)]/[(SiO2)+(TiO2)+(Z
rO)+(Al05)];
B,=[0,108(Ca0)+0,068(Mn0)+0,07(MgO)]/[(0,105(Si0,)+0,00
0196(Al,05)];
B,=[(0,0179(Ca0)+0,025(Mg0)+0,0141(MnO)}/[1,0+(0,0141(
Mn0)/0,0167-(Si0,)];
Bs=[(Ca0)+(MgO)+(CaF,)l/[(SiO2)+0,5(Al,05)l;
Bg=[(Ca0)+(MgO)+(MnO)+(Fe0)+(Na,0)+(K,0)/[(SiO;)+0,7
9(TiOL)I;
B(7:[((?:);O)+O,5(MgO)+O,37(MnO)+O,26(FeO)]/0,0167(SiOz);
Bg=[0,018(Ca0)+0,015(MgO)+0,06(CaF,)}/[0,017(SiO,)+0,005
(A1LO3)];
By=[0,018(Ca0)+0,015(Mg0)+0,006(CaF,)+0,014(Na,0)+(K,
0)+0,007-(MnO)+(Fe0)]/[0,017(Si05)+0,005(Al,05)+(TiOz)+(
ZrO,)].

W3 monmy4eHHBIX pe3ynbTaToOB BHIHO, YTO BEIU-
yrHa Q°y BBISIBIISET BBIPAXKEHHYIO SKCTPEMAJIBHYIO (
C MUHUMYMOM) 3aBUCHUMOCTb OT B ® oka3biBaercs
MPaKTUYeCKH HEYYTKOW K OCHOBHOCTSIM, pPacCyu-
TaHHBIX 32 ¢opmynamu oT B; k Bg. B cBs3u ¢ yka-
3aHHBIM OOCTOSITEJIbCTBOM YCTAHOBJICHUHBIH, YTO
HanOosnee MH(OPMATHBHBIM €CTh CBs3b Q°y ¢ oOc-
HOBHOCTIO (prrocoB B. Takum 00pazoM, OCHOBHOCTb
¢roca pAIOM C KOHIEHTPAUOHHBIMHU YCIOBHIMH
MO3BOJISIET PETYIMPOBATh PEAKIIUH B3aMMOICHCTBHUS
MeXIy (IIocoM M METauIoM Ha Mek(a3HOoW Tpa-
HUIIE B 30HE TUIABJIEHUS PACXOIyEeMOTO 3JIEKTPOJIA.
[Ipu >TOM ypOBeHb HABOAOPOKEHOCTH MeTalia
OTIpENEIIIETCS CKOPOCTBIO PA3BUTHS OKHCIUTENbHO-
BOCCTAaHOBUTEJBHBIX peakiuii Ha Mex(asHbIX Tpa-
Hulax (uroc-mMerauinyeckass BaHHas [4]. PactBo-
peHHsle B utocax Bojopoaocoaepxamue razsl H,O
n HF BpICTYnarT Kak OKHCIUTENN OTHOCHTEIBHO
JIETKO OKUCIISIEMBIX DJIEMEHTOB CTAJICH.

Ha ocHoBe paccMOTpEeHHBIX JaHHBIX PEKOMEH-
JIOBaHHBIE JUIS MPAKTUYECKOrO HCIOJIb30BAHUS
¢mrocer cucremsr CaF, — CaO — SiO,— CaCl,— LiF ¢
cogepxxumbiM CaCl, B 15 mac. %, LiF B 10 mac. % u
¢ ocHoBHocTio B mpenenax 0,3...0,4. Ilpeanoxen-
HBIC JIJISl IPOMBIIIIJICHHOTO OCBOCHUS (DITFOCHI UMEIOT
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ONaronpusATHBIA KOMIDIEKC OCHOBHBIX TEXHOJOTH-
YEeCKHX U CTIeIU(PUUECKUX JUIS MPOIECCOB Meperia-
Ba CBOMCTB.

OKCIEepUMEHTaIbHBIC JaHH 33 OCOOCHHOCTSMU
obpamenus Bogopoma cramu 08X18H10T, koropas
meperutaBisiercs mox (irocamu, n30paHHBIE OCHOBE
cucrembl CaO — SiO, ¢ gobaBkaMu K Hee COeIUHE-
umit: CaCl,, LiF u Li,O npusenenusie B Tabi. 2.

[Mony4eHHbIe pe3ybTaThl MOKA3aIH, YTO MPOHU-
IIaEMOCTh BOJIOPOJIa OTIPEACISACTCSI UX OCHOBHOCTIO.
MakcuMalTbHBIX 3HadeHWH BenmndaumHa Q°y JocTHra-
er B untepBasiie B ot 0,6 mo 0,8. MunumamgbHOE
3HaueHUE MNpoHHUIaeMocTu Boaopona Q°y =1,01 B
paccMOTpeHHOM cepuu miaBok umeeT diroc 50510,
— 10Li,O — 40CaCl,. Omnako ero crocoGHOCTH
YMCHBIIIATh COJCPKUMOE CEPbl B META/UIC OKa3a-
JJach qpe3BI:I‘IaI7[HO HU3KHUM, YTO U ONPCACIACT €ro
TEXHOJIOTHYECKYIO0 HE MEPCIeKTUBHOCTh. BBeneHue
B ()JIFOCHI COEAMHEHWH THUAPUI000pPa3yIOUINX dIie-
MCHTOB (pi[[lOM C ONITUMAJIBHBIMU COOTHOIICHUECMHU
y TIOCJICZIHUX OCHOBHBIX KOMITOHEHTORB) JIali0 BO3-
MOJKHOCTh CTa0MIIFHO OOECIeuyHBaTh HABOJIOPOIKeE-
HOCTH TIEpPeIlIaBJIIEMOr0 MeTaJlla Ha YpPOBHE, 3Ha-
YUTCJIbHO MCHbBIIEMY CPAaBHHUTCIILHO C IMPUMCHCHH-
€M JJIs TIeperiaBa CTaHaapTHBIX ¢urocoB. C apyroit
CTOPOHBI, C YUCTOM, BbIABJICHHOI'O HAMHU MEXaHHU3Ma
HABOJIOPOXKCHOCTH METaJllla B PE3yJIbTaTe OKHUCIIHU-
TEJNbHO-BOCCTAHOBUTENBHBIX PEAKIIUI MOXKHO MOKa-
3aTh [4], 94TO IS TPOIECCOB 3IIEKTPOIIAKOBOTO
neperasa (OLUI) B nmpuHIMIE, HEBO3MOXXHO pas-
paboTtaTh TakoW (IIrOC, KOTOPBIA Biajel Obl CHH-
JKEHHOU MPOHMIIAEMOCTBIO BOJIOPOJIa MPH Teperia-
BE€ BCEX TUIIOB MAPOK CTAJICH.

Tab6auna 2

Pesynbrarsl iiaBok mpu neperuiaBe ctamu 08X 18H10T
noj rocamu cuctembl CaF, — CaO

Xumndeckuit coctas ¢urtoca, macc % Cpennee

Ca0 | ALO; | SiO; | L0 | CaCl, | LiF | o™
31 - 45 - 15 10 1,60
20 - 25 - 40 15 1,53
45 - 35 5 10 5 1,25
40 - 30 10 20 - 1,16
55 - 30 15 - - 1,53
50 - 35 - 10 5 1,06
15 - 50 15 20 - 1,51
10 5 55 15 15 - 1,37
15 - 50 - 20 15 1,36
- - 48 16 36 - 1,19
10 5 50 20 15 - 1,06
- - 50 10 40 - 1,01

Crenu@urka yKka3aHHOTO MEXaHHU3Ma TakKas, 4To
BenmmurHa Q°y, KOTOpyro (opMallbHO MBI paccMaT-
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pYBaeM Kak MPOHMIIAEMOCTh BOAOPOIa M30paHHOTO
(dmroca IS 3aJaHHBIX YCIIOBUN TIIABKH, OKaKETCS
3aBHCHMOM OJIHOBPEMEHHO KaK OT cocTaBa (iroca,
Tak ¥ OT COCTaBa MEPeIUIaBJIIeMOr0 MeTaia. B
CBSI3M C OTHM DKCIICPUMEHTAJIBHBIA ITOMCK HOBBIX
COCTaBOB (DJIFOCOB, KOTOpHIC BIIANICIOT CHIYKCHHOM
MPOHUIIAEMOCTBIO BOJIOPOJIa, HEOOXOAUMO YETKO
OPHEHTHPOBATh HA KOHKPETHYIO MapKy MeperniaB-
JIseMOM ctaii. B mpoBeeHHBIX MJIaBKax MCIOJIb30-
BaJl CTAHJIAPTHBIC (DIFOCHI MPOMBIIIICHHOTO MPO-
M3BOJICTBA, (DIFOCHI UCCIEAOBATEIBCKHX COCTaBOB
HAIUIABJISUIMCh B THUIVIE-KOBIIE M3 HIMXTOBBIX KOM-
IMOHEHTOB.

s BBencHHUS B cOCTaB ()IFOCOB OKCHJIA JTUTHS
npumensin Li,COs;. Bce mmaBku mpoBEACHBI B Ba-
puanTe otkpbiToro DI ¢ >KuaKUM cTapToM.

Pesynbrarhl UCClieOBaHUI C HCIIOJIB30BaHUEM
¢urocoB Ha ocHoBe cuctemsl Cao — Al,O3 — SiO; ¢
nobaskamu LiF mpuBeneno B tabm. 3.

Taoauna 3

PesynpraTsl muiiaBok npu neperuiase cranu 08X18H10T
noz ¢mrocamu cuctemsl CaF, — Al,O3 — SiO,

Xumuueckuii cocras ¢uitoca, Mmacc % Cpennee
CaF, Al,O; | SiO, LiF sHayenue Q°y
45,0 25,0 25,0 5,0 1,35
40,0 25,0 25,0 10,0 1,27
40,0 20,0 25,0 15,0 1,45

ITo mokazarenro Q°y BHAMM, YTO ONTHUMAaJbHAs
KOHIIEHTpaIus GTOpUaa TUTHA B 3THX (DIIFOcax pas-
usercs 10,0 mac.%. B oOmiem xe Bce (rochl yka-
3aHHOM TPYIIBl ONBITOB HMEIOT CpPaBHUTEIBHO
Oonbmryro BennunHy Q°y (Oonpire 1,27), a motomy
MTPAKTHUYECKOTO MHTEpeca (C TOYKU 3peHHs MpooiIe-
MbI Bogopoza B DIIIIT) orn He mpeacTaBisIOT.

PesynpraTaMu u3mepeHus BenuuuHbl Q°y s
Tpex (UIFOCOB, KOTOpbIE HE BOILIM B HU OJHY W3
PAaCCMOTPEHHBIX BBIIIE CHCTEM, YCTAaHOBJIEHO, YTO
JIBA U3 HUX 00ECIEYHMBAIOT CYIIECTBEHHYIO Jera3a-
nuto nepemiaBieHHoro Meramia (Q°y = 0,94). Xa-
pakTepHO 0COOEHHOCTHIO (PIIFOCOB ATHX BapHAHTOB
€CTh TO, YTO B X COCTaBE OTCYTCTBYIOT MOJHOCTBIO
OKCcHJIHbIe coenrHeHud. [IepBbIil ¢ HUX COCTaBIICH-
HBIW UMb U3 ABYX (propunos: mo 50 mac. % CaF; n
CeF3, BrOopoit — 13 (GTOPUIOB KaNbLHs, LEPUS U JIH-
THs ¢ 1o06askoii 20,0 mac. % CaCl,.

OOmuM KOMIOHEHTOM BO BCEX HMCCIEIOBAaHHBIX
¢mrocax Ob10 M30pano Gropua Kaneus. O600mas
3aBUCHMOCTh TapameTrpa Q°y Ans BceX HCCIeno-
BaHHBIX (UIIOCOB (KaK CTaHAAPTHBIX, TaK M HCCIe-
JIOBATEIbCKUX — OTHOCHUTEIHHO TIepeIuiaBa CTajii
08X18H10T) ot conepxanust B Hux CaF, BbIsiBIEHa
cleAylomas 3akOHOMepHOCcTb: BBeneHue CaF, B
(bITIOCHI BCEX CHCTEM C cojepkanueM ero mo 25,0
Mac. % COMPOBOXKAAETCS 3HAYUTEIHHBIM CHIDKEHU-
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€M TIPOHUIIAEMOCTH BOJioposia B ¢urtocax (1o mapa-
MmeTpy Q°y mpubmusutensHo ¢ 1,4 mo 1,15). Hanb-
HelIee MOoBbIIIeHNEe KOHIIEHTpanuu Gpropruaa Kaib-
mus B (urocax Ha mapamerp Q°y MpakTUYecKH He
BIUseT. TakuM 00pa3oM MOKHO CIIENaTh BaXKHBIMA
MPaKTUYECKUH BBIBOJ C TOUKHU 3pEHUSI 00eCTIeUeHHs
ONarompHuATHBIX BOAOPOIO3ALIUTHBIX CBOMCTB (TO-
puaHO-oKCHTHBIX (rocoB DI BBemenue B HUX
¢dropuaa kampiusa Menee 25,9 mac. % Herenecooo-
pasHo.

C y4eToM pacCMOTPEHHOTO O0OCTOSITEThCTBA
M3ydeHa TPOHHUIIAEMOCTh BOJOPOJA IENIOTO psa
[UJTAKOBBIX KOMIO3WIMA Ha OCHOBE 00OOLICHHOMN
cucremsl CaF,— CaO — MgO — Al,0;—-SiO,— CaCl,
— LiCl — CeF3 - Li,0 — Y,03 OTHOCHTEIBHO MapoK
KOHCTPYKITUOHHBIX (DJIOKCHOYYBCTBHUTEIIBHBIX CTa-
JIeH, KOTOpBIe MPEICTAaBISIOT OOJIBIION TpaKTHye-
CKMil uHTepec: a uMeHHO K MapkaM 40XH wu
15X3HM®. CranmapToMm Ajisi CpPaBHEHHUS B 3TOMU ce-
pUH TIOWMCKOBBIX IUIABOK MBI IOJB30BAJIKCh Mapa-
MeTpoM Q°y, TIOJYYSHHOTO JIJIs TeperiaBa u30paH-
HBIX MapoK CTajel MOJ TeMH CTaHJapTHBIMH (IiIro-
caMu, KOTOpBIE TIPUMEHSIOTCS B HACTOSIIEEe BPEeMs
s Hux OUIIT B mpomeinienHoctu. Bo Beex cepu-
AX TUIABOK (KaK CO CTaHJapTHBIMH, TaK M UCCIEN0-
BaTENbCKUMH (PIIFOCAMHU) YCJIOBHS TIE€PETiaBa s
JMAHHOW MapK{ CTald OCTaBAIHNCh HJICHTHYHBIMHU.
PesynbpTaTel aKcIiepuMeHTa Uil 25 mapauienbHBIX
TUTaBOK TIPEACTaBIEHBI B Tabl. 4. AHamu3 pe3ybTa-
TOB HCCIIEIOBAaHUSI HABOJOPOXKEHOCTH METalia Ipu
NPUMEHEHUH psAJa HUCCIEeN0BaTELCKUX (PIIOCOB
(CompIeii yacThiO BIIEPBBIC MPUMEHEHHBIX JIJIS TIE-
peruiaBa) CBUAETENBCTBYIOT O TOM, YTO OOJBIIHH-
CTBO UCHPOOOBAaHHBIX HCCIIE0BATEIHCKUX (IIFOCOB,
KOTOpBIE COZIEP’KaT B CBOEM COCTaBe pa3HbIE COEIU-
HEHUS TUAPUA000pa3yrInX 3JIEeMEHTOB, obecrie-
YHBAIOT CYIIECTBEHHBIM 00pa3oM Oojee HU3KYIO
JIOTIOJTHUTENBHYI0 HaBOJIOPOKEHOCTh KOHCTPYKIIH-
OHHBIX CTaJIel IMocJe MmeperiaBa, B CPaBHEHHUH C Ta-
KAM TIeperuiaBoM Ha craHmapTHeIX (imrocax. [lpu
3TOM HaWIY4IIHE Pe3yJIbTaThl MMOJYyYeHBI JUIsl CTa-
neit mapku 40XH, meperuraB KOTOpOW Ha BCEX HC-
CJIeIOBaHHBIX COCTaBaX (DIFOCOB COIPOBOXKIAETCS
3HAYUTEILHBIM CHU)KCHHUEM BOJIOPOJa B METAJLIE IO
CPaBHEHHIO C KOHTPOJILHBIMH TUTaBKaMHu (HA CTaH-
JapTHeIX ¢urocax). Tak, Hampumep, HCCIeI0Ba-
tenbckuii  uaroc 40CaF, — 10CaO — 25Si0, —
15CaCl, — 10LiCl oGecrieynBaer misi IIOCTOSIHHBIE
40XH Q°y =1,73, B TO Bpems Kak AJsl CTaHJIAPTHBIX
(ITFOCOB BETTMYUHBI 3TOTO IapaMeTpa HaxosTcs B
npexaenax 2,72...3,44.

BwMmecte ¢ TeM crenyeTr OTMETUTb, YTO JUIA Tepe-
mwiaBa Mapku 15X3HM® HekoTopwle HccenoBa-
TeJIbCKUE (UIFOCH OKa3alHuCh ¢ BenuumHamu Q°y,
KOTOpBIE HaXOAATCsl TPUOJIM3UTENHLHO B TEX JKe Tpa-
Hunax (2,07...3,23), 4To ¥ Takue IS CTaHIAPTHBIX
¢aroco (2,07...3,46). DTO 0OCTOSATENBCTBO YKa3bl-
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BaeT Ha TO, YTO MPHUPOJA U TUI COSTUHEHUH TUAPHU-
T000pa3yoOMMX AIEMEHTOB, UX pasHble KOMOWHa-
MU ¥ KOJUYECTBEHHBIC COOTHOIICHUS WUMEIOT TI0-
TPEOHOCTh B CHEIMAIBHONW ONTHUMHU3ALNU I KaXK-
JIOW KOHKPETHOW IIIAKOBOM KOMITO3MIIMH, COCTaB-
JIEHHOW Ha OCHOBE €€ OCHOBHBIX KOMIIOHEHTOB
(CaF,, CaO, MgO, Al,O; u SiO,), B coeMHEHHH C

KOHKpeTHOM Mapkoi crtanu. [loatoMmy panbHeHas
(6onee aeTanmbHAs) ONTHMH3AIMS COCTABOB HCCIIC-
JIOBAaHHBIX HaMU (DJIFOCOBBIX CHUCTEM TO3BOJHT Pa3-
pabotath HOBBIC (utrockl DIIT u3 Gosee BEICOKUMY,
4eM B pa3pa0OTaHHBIX K HACTOSIIEMY BPEMEHH, BO-
JIOPOIO3AIUTHEIMHA CBOMCTBAMHU.

Taoauna 4
Pesynbrars! miaBok npu nepemase cramn 08X18H10T mox ¢rrocamu recie1oBaTebCKAX CHCTEM

Mapku XUMH4ecKHit cocTas Qurtoca, Mac. % Cpennee
crasei CaF, CaO MgO | AlLOs; | SiO, | CaCl, LiCl CeF; Y,0; |3Hauenne Q°y

40,0 10,0 — — 25,0 15,0 10,0 — — 1,73

40,0 10,0 — 10,0 15,0 10,0 - 15,0 — 2,08
40XH 50,0 — — — — - - 50,0 - 2,16

— 48,0 — — 36,0 16,0 - — - 1,74

35,0 25,0 5,0 20,0 5,0 50 50 — — 1,96

30,0 50 - 15,0 - - - 50,0 - 1,45

50,0 10,0 - 10,0 20,0 10,0 - - - 1,48

5,0 40,0 — 35,0 — - 10,0 — — 1,54

5,0 40,0 — 5,0 30,0 - - 10,0 10,0 2,05

15,0 40,0 — 40,0 5,0 - - — — 2,07
ISX3HM®A 55,0 - - 25,0 - - - - 20,0 2,22

50,0 - - - - - - 50,0 - 2,36

15,0 40,0 — 10,0 35,0 - - — — 2,63

35,0 25,0 5,0 20,0 5,0 50 50 — — 2,85

10,0 35,0 - 50 30,0 - - 20,0 - 3,23
BeiBon. Ilpu neperuiaBe  craau  Mapku HBIX, TaK U HCCJICI0BATCIbCKUX (DIFOCOB, COCTaB-

08X18H10T nHaiineno, 4to AJid JaHHON MapKH cTa-
nu BemmuMHA Q' B 3aBHCHMOCTH OT OCHOBHOCTH
(GIIIOCOB MEHSIETCS O 3KCTPEMAJIbHOMY 3aKOHY C
MakcuMyMoM Q7 HpH OCHOBHOCTH B IpEeax
1,5...1,7. Otnocurensuo DIIII cranu 08X18H10T
WCCIIEIOBAHHBI BOAOPOO3AIIUTHBIE CBOWCTBA He-
KOTOPBIX HMCCIIEAOBATEIbCKUX (DIFOCOB, N30paHHbIX
riaaBHBIM 00pa3om Ha ocHoBe cucteM CaO — SiO; u
CaF, — CaO — SiO,. IToka3ano, uro s obecrieye-
HUSL  YAOBJIETBOPHUTENBHBIX  BOJOPOAO3AIIUTHBIX
CBOUCTB (PTOPHUIHO-OKCHIHBIX (JIFOCOB CHM)KEHUS B
Hux coxepxkumoro CaF, Hmxke 25 % Heuenecoo0-
pasHo. HaiifieHo /1Ba OpUTHHANBHBIX (IIFOCOBBIX CO-
CTaBa, KOTOpPBIE 00ECIIEUNBAIOT CHIDKEHUE 3HAYCHHUS
Q'L 1O CpaBHEHHMIO C JIYYIINMH CTAHJAPTHEIMHU
¢mocamu. s koHCTpyKumoHHBIX crajeid 40XH,
15X3HM® omnpe/ie/ieHHbI BETHUHMHEL Q | B yCIOBHU-
X IeperuiaBa MX ¢ NPUMEHEHHEM KakK CTaHIapT-

JIeHHBIX Ha ocHOBe cucreMsl CaF, — CaO — Al,O; —
SiO, ¢ mob6aBIeHHEM K HUM B Pa3HBIX KOMOHHAITHSIX
(TOPUAHBIX, XJIOPUIHUX W OKCHIHBIX COCIUHEHHI
CPaBHHUTEIBHO C PACIPOCTPAHEHHBIMUA CHIIBHBIMHU
runpunoodpasyronmu anementamu (Li, Ce n Y).
YcraHoBIIEHO, YTO I U30paHHBIX CTaCH BOJO-
POJIO3aIIUTHBIE CBOWCTBA CTAHJAPTHBIX (IFOCOB
HEY/IOBJICTBOPUTEIIbHBIC (BEITMUUHBI Q' HaxomsTCs
B mpenenax 1,95...3,46) HaiineHo, 4TO OmnTHMalb-
HBIE COEJIMHEHUSI OCHOBHBIX KOMIIOHEHTOB (IrOca U
J100aBOK COCAMHEHUH TUAPUA000pa3yIOMUX dJIe-
MEHTOB, KOTOpBIC BBOJIST B HHUX, MO3BOJSIOT CHH-
3UTh BENHYHHBI Q' K 3HAYCHUSIM CYIIECTBCHHBIM
obpa3zom Menwpmmx 1,5. M3 monaydeHHBIX MaTepua-
JIOB HEKOTOPBIE HMCCIIEIOBATEILCKUE COCTaBbI (PIIO-
COB PEKOMEHI0OBAHBI JIJISl IPAKTUYECKOTO HCITOJIb30-
BaHUS B IPOIECCaX 3JIEKTPOILIAKOBOTO TeperiaBa
WCCJICIOBAHHBIX KOHCTPYKIIMOHHBIX CTaJICH.
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The permeability of hydrogen in the fluoride-oxide melts

Abstract: The analysis of all set of information in the considered area suggests that the permeability of hydrogen in the
flux melts, which are used for remelting, is relatively high. The result is that an open process of melting does not pro-
vide the necessary protection of remelted metal from hydrogen. We carried out firstly a systematic investigation of hy-
drogen permeability of the most widely used in industry standard electroslag remelting fluxes, and then considering the
results, was initiated the attempt to find new flux compositions which provide effective protection against hydrogen in
remelted steels. The development of new flux compositions was based on the widely used in metallurgy components:
CaF,, CaO, MgO, Al,O3 and SiO,. In order to reduce the permeability of hydrogen and sensitivity to flocs of remelted
structural steels was investigated the efficiency of introduction to them optimal additives of fluorides, chlorides and ox-
ides of some hydride-forming elements (Ca, Li, and Ce). The methodology of the research heats remained the standard.
When remelting steel 08X18H10T, it was found that for a given grade of steel quantity Q;, depending on the basicity
of flux, changes according to the extreme law with a maximum Q’y; at the basicity within 1,5...1,7. Regarding the elec-
troslag remelting of steel 08X18H10T were researched hydrogen-protective properties of some research fluxes selected
primarily on the basis of systems CaO — SiO, and CaF, — CaO — SiO,. It is shown that to ensure satisfactory hydrogen-
protective properties of fluoride-oxide fluxes reducing in them CaF, content below 25% is inappropriate. Were found
two original flux compositions that reduce the value Q',; compared to the best standard fluxes. For the structural steels
40XH, 15X3HM® quantity Q' are identified in the conditions of their remelting, using both standard and research
fluxes, drawn up on the basis of system CaF, — CaO — Al,O3; — SiO, with the addition to them of a variety of combina-
tions of fluoride, chloride and oxide compounds compared to the widespread strong hydride-forming elements (Li, Ce
and Y). Found that for selected steels hydrogen-protective properties of standard fluxes are unsatisfactory (values Q'
are within 1,95 ... 3,46). Found that optimal compounds of major flux components and a hydride-forming elements ad-
ditive compounds which are introduced into them, can reduce Q y; values to values significantly below 1,5. From the re-
ceived materials, some research fluxes are recommended for practical use in electroslag remelting processes of studied
structural steels.

Keywords: hydrogen, flux, melt, remelting, composition, steel.
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