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JOCJLKEHHS BILIUBY CTPYKTYPH 3JIUTKIB ®EPOTUTAHY,
OTPUMAHUMX METO/IOM EJEKTPOILIAKOBOI BUILJIABKH, HA IXHIO
3IATHICTD 10 TTOJPIGHEHHS

Bepexnuii C. I1., llIngao I'. M., ®ypmanosa H. 1., Koros M. M.
HaunionanbHuii yHiBepcuTeT «3anopizbKa moJiTexHika

Anomauin. /locniodxceno cmpykmypy ma 30amHicms 00 NOOPIOHEHHS 3MIUMKIE (hepomumary pizHo2o0
cnocoby eupobnuymea. Bemanosneno, wo wacmxosui po3nao nepsunnux 3epen TiFe, 3 ymeopenuam
TiFe 6 cmpykmypi 31uexie ghepomumany erexmpowniaxogoi eunnaexu 3a konyenmpayii Ti 38—48 %

ROKpaugye 30amuicms 00 NoOPIOHeHHs.

Knwuogi cnosa: chepomuman, enekmpouiiaxosa 8UNIA6KA, CMpPYKmMypa, nOOPiOHIOBAHICb.

Beryn

VY cydyacHMX yMOBax BUPOOHHIITBA MAIIHH Ta
METaJOKOHCTPYKIIiM 3BapIOBaHHS 3aJIWIIAETHCS
OCHOBHHMM TEXHOJIOTIYHHM MPOLECOM. 3Bapro-
BaJIbHI MaTepiajid i TEXHOJIOTii MOCTIMHO BAOC-
KOHAJIIOIOThCSI, ajle Ha MPAaKTUI[ 3aCTOCYBaHHS
3BapHUX JeTaledl MamliH, [0 MpAIoITh B
YMOBax yAapHHUX 1 3HAKO3MIHHAX HABaHTaKEHB,
TPAIUISIOTHCS. BUMAJKU pPyHHYBaHHS B 30HI 3Ba-
pHOTO mBa. BiporigHicTs pyHHYBaHHS 3BapHOI
KOHCTPYKIIil 3p0ocTae TOMi, KOJH B METai IIBa €
BKIIIOUCHHS, SIKi € KOHLIEHTPaTOpamMH Hampy-
JKEHb, Ta IIKIJUIUBI JTOMIIIKH. 32 YMOBU BUCOKO-
T'O PiBHS YHCTOTH EJIEKTPOAHOTO APOTY B METai
3BapHOTO IIBA CIIOCTEPITa€ThCs MPHUPICT BMICTY
HEMETAJIEBUX BKIIIOYEHb 1 JOMIIIOK 3aBIAKU
iXHBOTO Mepexo/y 3 KOMIOHEHTIB 00Ma3yBaHHS
€JIEKTPO/IiB 1 HETIOBHOMY BUJIAJIEHHIO MPOIYKTiB
peakiii po3kuciieHHs. OQHUM 31 CIIOCOOIB 3HHU-
JKEHHsI BMICTY HEMETaJIeBUX BKIIOYEHb y Ha-
IUIABJICHUX METajlaxX € BUKOPUCTAHHS B TIOKPHUT-
TI €JICKTPOMIB OLIbIl YHUCTUX (EPOCIUIABIB 3
MEHIITUM BMICTOM JOMIIIIOK, BKIIFOYE€Hb, a TAKOXK
BJIOCKOHAJIEHHSI TEXHOJIOTI] BHTOTOBJICHHS 3Ba-
PIOBAIBHUX €JIEKTPOAIB 3 METOI 3HWKEHHS
HMOBIPHOCTI pyiHYBaHHS 3BapHOTO IIBA.

AHaJji3 myOmikanii

Jl1is BUTOTOBJICHHS! 3BapHUX BHPOOIB BiJIO-
BIJTHOTO TPHU3HAYCHHSI 3aCTOCOBYIOTHCS CIIEKT-
POIH OCHOBHOTO ((pTOPUCTO-KAJIBIII€BOTO) THILY,
3okpema mapku YOHI 13/55. Bouu 3a0e3neuy-
I0Th OTPUMAaHHS HAaWOUIBII BHCOKUX IUIACTHY-
HUX BJIACTMBOCTEH MeTally 3BapHOro IIBa 3a
HHU3BKOTO BMICTYy HEMETaJIeBUX BKIIOYEHb 1 ra-
3iB [1, 2], 110 AOCSITa€THCS PO3KUCICHHIM METa-
ny 3 BUKOpUCTaHHAM Mn, Si i Ti, ski momaroTecs
B TIOKPHUTTS €NEKTPOIIB Y BUIIIAAI (epoCIuiaBiB
[3]. Arre B IbOMY BHIIAAKy BUTPHBAIIICTEH 3Bap-
HUX 3’€HaHb 3aJIMIIA€TbCA HWKYE, HK BUTPU-
BaJiCTh OCHOBHOr0 Metany [4]. ['oloBHOIO npu-

YUHOIO 3HIKCHHS IUKIIYHOI MirHOCTI [5] €
YyTIUBICTh HAIJIABIEHOTO METATy 1O KOHIICHT-
patii Hampy>keHb, CTBOPIOBAHUX BKJIIOUCHHSIMH,
30KpeMa 32 YMOBH 3HaKO3MiHHUX HaBaHTA)KEHb.

Ane y deporurani ®Ti35A anromiHOTEpMIY-
HOT'O CHOCO0Y, SIKHII BUKOPUCTOBYIOTH Y BHUPO-
OHMIITBI 3BapIOBABHUX E€JIEKTPOIiB, 00’eMHa
yacTka BKIIOUeHb cTaHoBuTh 0,3 %. YV mpomy
BUIAQJIKy OUTbINIA YaCTHHA BKJIIOYCHB (70 70 %) €
TYTOIUIAaBKMMH 3aBJISIKH OKCHIaM ajroMiHiio [6],
SKi 3a0pyTHIOIOTH METAJl 3BAPHOTO IIIBa.

BukopucranHsi ¢pepoTuTany, BUTOTOBJICHOTO
MeTojoM enekTporiuiakoBoi BumiaBku (EILB),
31 3HAYHO MEHIIMM BMICTOM HEMETAIYHUX
BKJIFOUCHb Ta JIOMINIOK KOJbOPOBUX METAJIiB
JIO3BOJIIE TIJABUIIMTU SKICTh HAIUIABIECHOTO
MeTally 3aB/SIKH 3MEHIICHHIO KUIBKOCTI €K30-
TeHHHX BKJIIOYCHB.

®depomarepianu, MO HalIeXKaTh 0 CKIaLy
MOKPUTTS 3BApIOBAJILHUX €JICKTPOJIB, MOIPiO-
HIOIOThH B MAPOBUX MIMHaxX A0 (paxiii 0,15 mm,
ToMy (hepocryiaB MOKYTh MOAPIOHIOBATHCS JI0
3aJJaHAX PO3MIPIB 3 YTBOPECHHSM MiHIMaIbHOT
KITBKOCTI  piOHOMUCTIEPCHOI  MHIIOMOiOHOT
¢pakuii. Ane 3muTKH GepoTUTaHy, OTPUMAHOTO
meronom EIIB, i3 aHamoriyuuM BmictoM Ti
(28,5-30,0 %) maroTh IOCUTH HHM3BKY MOJIPIO-
HIOBAHICTh 13 YTBOPEHHSIM HEOTHOPITHOI (pak-
mii.

Merta poboTH — JOCHIANTH CTPYKTYPH 3TUTKIB
criaBiB (epoTHUTaHy 13 Pi3HUM BMICTOM TUTaHY
Ta BCTAHOBHUTH 3aJIC)KHICTb 3IaTHOCTI 10 TIOAPIO-
HIOBAHHSI BiJ CTPYKTYpPH Ta CKJIaJly 3JIUBKIB.

JlocitixzkeHHs 31aTHOCTI 10 MOAPIOHIOBAHHS
BiJl CTPYKTYpH Ta CKJIaxy 3J1UBKIiB
(peporurany

MikpocTpykTypa BH3HA4ajgach 3a JOIOMO-
TOI0 BHKOPHUCTaHHS METaIOTpadigHOro MIiKpOC-
korra MIM 8-M. IloapiOHIOBaHICTH BH3HAUa-
Jach 3rigJHO 3 HECTAaHJAPTHOIO METOAMKOIO Ha
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KOIIpi 3 BEPTUKAIHLHO CHATAIBHUM IFUTIHIPHY-
HUM OoliKoM [7].

3muTtku depoTuTaHy Oynd OTpUMaHi EJeKT-
POIIIJIAaKOBUM IIEpPEIIaBOM KOMOIHOBaHHMX €JIeK-
TPOAIB, CKIAJACHUX 31 CMYT HHU3BKOBYTJIELEBOT
crami Cr3 T'OCT 380-71 Ta tmramy BTI1-0
T'OCT 19807-74 y migHOMY BOJOOXOJIOKYBa-
HOMY KpucTamnizaropi, nepetuaoM 80 x 90 mm.
HocmimkeHo CTPYKTypy 3MWUTKIB 31 BMICTOM
tutany 15, 20, 25, 30, 40, 45, 50 ta 60 %.

3MUBKHU JOCHIKYBAJIMCh Y TUTOMY CTaHi Ii-
CJIS1 OXOJIOKEHHS Ha TIOBITPI.

[ BU3HaYeHHS MIKpPOCTPYKTYpH Oyja Bu-
KOPUCTaHa CyMilll IJIaBUKOBOi a30THO{ KHUCIOTH
ta Boau y mpomopmii (1:1:3). MikpoTBepaicTh
(a3 BuzHavanm ©Ha npwiani [IMT-3 3a HaBan-
taxkeHHs 50 1 100 r Ha 3pa3kax ajst MIKpOCTpY-
KTYpHOTO aHai3y.

CrtpykTypa 3mHMBKiB (epOoTHTaHy alfOMiHO-
tepmiuHoro Bupoouunrsa OTi30A (ckmam: Ti—
30+2 %, Al — 9-10%, Si — 2.0-2.5%, Cu —
0.32%, C — 0.11 %) € HEOAHOPIAHOI 3 BEIU-
KO KinbKicTio HecyuinbHocTel (30 % rurommu-
au nutida) (puc. 1, a). OcHoBHe mose nutida
3aiimae ¢asza 31 BmicToM THTany 25-39 % Ti,
1o 3rigHo 3 miarpamoro Fe-Ti [8] (puc. 2) Bin-
noBimae intepmeraminy TiFe, (H = 16000-
17700 MITa), ta tBepauii pozuuH Al i Si B
TiFe, (Ti — 30-34 %, Al — 8.0-10 %, Si — 1 %)
(puc. 1, ©), MIKpOTBEpAICTh SKUX CKJaJaae

=21200 — 22000 MIIa. 311TKH 3 TAaKOIO CTPY-
KTYpOIO € JOCUTh KPUXKWUMH, BOHHU JIETKO Iif-
JTAIOTHCS TOAPIOHEHHIO.

CrpykTypa 31uBKa GepoTUTaHy, OTPHMAHOTO
meronom EIIB, i3 adamoriyuuM BmictoM Ti
28,5 % wmae cyrreBi BimMiHHOCTI. OCHOBHI CBIT-
T JUISHKA Takoro (epocruiaBy MICTITh 28—
32% Ti, mo BIAMNOBIgAE CKIAAY IHTEPMETai Ty
FeTi,. Ane nasiBuicTh eBTekTHKH (0tFeTi,) i3
BMicTOM THTaHy 14-16 % CBiTYHUTH MPO BiAXU-
JICHHSI CTPYKTYPH LIBOT'O CILIABY BiJ PIBHOBaX-
HOro 3rimHo 3 pgiarpamoto Fe-Ti. [ipmry 3nmart-
HICTh JI0 MOAPIOHEHHS TAaKOro CIUIaBY MOXHA
MOSICHUTH HAsSBHICTIO MEHIII KPUXKOI €BTEKTHKH
((X,+F9Ti2).

Crtpykrypa cruiaBy 3 BMicroMm 40 % Ti ckia-
JmaeThest 3 JBoX iHTepMmetamiaiB TiFe, i TiFe,
3epHa SKUX YiTKO BUJIHO Ha puc. 3, 0, mo y3ro-
JOKy€eThes 3 miarpamoro Fe-Ti.

AJe BCTaHOBIJIEHO, 110 32 yMOBH BMicTy Ti
45 % crocTepiraroTbcsi YaCTKOBUH po3naj mep-
BUHHHX 3epeH TiFe, 3 yrBopennsm TiFe (puc. 3,
B, T) y IpoIIieci Mepexoay CriiaBy 10 OiiblI piB-
HOBa)KHOTO CTaHy MiJ] 4aC OXOJIOKCHHSI.

Puc. 1. Mikpoctpykrypa ciutaBy @Ti30A:
a) 10 TpaBJICHHSI; 0) MICIIsl TPaBICHHS
Ti, % (no maci)
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Puc. 2. liarpama crany cucremu Fe-Ti

KinbkicTh Takux AUISHOK PO3Maiy 3pocTae 3i
30iabIIeHHsM KoHIeHTpalii Ti. HasBuicTh dazu
posmany TiFe Bcepemuni 3epua TiFe, uepes
BIIMIHHICTb y CTPYKTYpi CTBOPIOE IOJATKOBI
BHYTPIIIIHI HAINPY>KCHHS Ta CHpPHUSE OUTBII JIEeT-
KOMY pyHHYBaHHIO CcIiIaBy (puc. 4).
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r)900*
Puc. 3. MikpocTpykTypa ciuiaBiB (hepoTHTaHY,
orpumanoro merogom EINB: a — 28,5 % Ti,
6-40%Ti,B,r—45% Ti

MikpocTpyKTypa CIUIaBy, IO MICTUTH Oilib-
mre 50 % Ti, cknamaerses 3 eBrekTuku P+TiFe
HAaBKOJIO TepBUHHUX 3epeH TiFe, 1mo 3MeHIIye
3IaTHICTH 10 OAPiOHEHHS, puc. 4.
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Puc. 4. 3anexuicts koedinienTa moapiOHOBa-
HOCTI epOTUTaHY BiJl BMICTY TUTaHy

3a pe3yipTaTaMu IEPEBIPKH 30aTHOCTI 10
nopiOHeHHs1 OyJ0 BU3HAYEHO, IO HAWOUIBII
ONITHMAIILHUM € BMicT TUTaHy 38—48 % (puc. 4).
Y upoMy BHUMaAKy KoeQilieHTH HOApiOHEHHS
¢eporutany  EIIB Ta amomiHOTEpMi4HOTO
BUPOOHUIITBA MPAKTHYHO OJHAKOBI, 110 TOJET-
nrye iXx BUKOPUCTAHHS B IPOLECI BUTOTOBJICHHS
3BapIOBAIBHUX €JIEKTPOIIB.

BucHoBKkH

Ilin dac mnpoBemeHHS MAOCHTIIKEHb OYIO0
OTPHMaHO TaKi pe3yJIbTaTH:

1. CtpykTypa 3/IMBKiB (EpOTUTaHY EJIECKT-
POLITIAKOBOT BUILIABKH BipPi3HAETHCA Bif piB-
HOBAKHOL.

2. HasiBHICTb y CTPYKTYpi CIUIaBiB (epoTH-
tany EIIB eBrextuku o+FeTi, ta PB+TiFe
YCKJIaJIHIOE TIPOIIEC MO IPIOHEHHS.

3. UYacTkoBUi po3maj NEPBUHHUX 3€pPEH
TiFe, 3 yrBopennsim TiFe B cTpykTypi 371HBKiB
¢eporutany EIIIB 3a  konuentparii Ti 38—
48 % mokpariye 31aTHICTh JI0 MTOAPiIOHEHHSI.

4. Jlns BUPOOHUIITBA 3BAPIOBATBHUX EJEKT-
POJiB HEOOXIJTHO BHKOPUCTOBYBAaTH (hepoTHTaH
EIIB i3 xonnentpamieto Ti 38—48 %, 3naTHICTH
IO TTO/IPiIOHIOBAHOCTI SIKOTO HAWBUIIIA.
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HccienoBanne BJUSHUS CTPYKTYPbI CJIHTKOB
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Annomauusn. Vccreoosana cmpykmypa u cnocoo-
HOCMb K USMETbYEHUIO CAUMKO8 (eppomumana
Ppasnozo cnocoba npouseoocmed. Ycmanoeieno, 4umo
yacmuyHwlll pacnad nepsuunvix seper TiFe, ¢ obpa-
s0eanuem TiFe 6 cmpykmype ciumkog geppomuma-
HA 91eKMPOULNIAKOBOU BLINIABKU NPU KOHYEHMPAayuu
Te 3848 % ynyuwaem cnocobnocmb K usmenvue-
HUIO.
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Investigating the impact of structure of ferrotita-
nium bars obtained by the electroslag remelting
method on their crushing capacity

Abstract. The structure and grinding ability of ferro-
titanium ingots of different production methods have
been researched. It has been found that the partial
decay of primary TiFe, grains with the formation of
TiFe. in the structure of ingots of ferrotitanium ESR
at a concentration of Ti 38—4 % improves the ability
to crushing. Problem. Electrodes of the basic (fluo-
ride-calcium) type, in particular, the UONI 13/55
brand are used for production of welded products of
responsible function. They provide the highest plastic
properties of the weld metal at a low content of non-
metallic inclusions and gases, which is achieved by
deoxidation of metal Mn, Si and Ti, introduced into
the coating of the electrodes in the form of ferroal-
loys. However, in the ferrotitanium FeTi35A of the
aluminothermic production method used in the pro-
duction of welding electrodes, the volumetric part of
inclusions reaches 0.3%. In this case, most (up to
70%) are refractory due to aluminum oxides, which
contaminate the weld metal. The use of ferrotitanium
produced by the electroslag remelting method, with a
much lower content of non-metallic inclusions and
impurities of non-ferrous metals, allows to improve
the quality of the weld metal by reducing the number
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of exogenous inclusions. However, ingots of ferroti-
tanium obtained by the method of ESR with a similar
content of Ti = 28,5 %—30,0 %, had a fairly low
crushing point with the formation of a heterogeneous
fraction. Goal. The purpose is to research the struc-
ture of ingots of ferrotitanium alloys with different
titanium content, and to establish the dependence of
the ability to crush on the structure and composition
of ingots. Methodology. Ingots of ferrotitanium were
obtained by electroslag remelting of combined elec-
trodes composed of strips of low-carbon steel St3 and
titanium W1-0 in copper water-cooled crystallizer
with a cross section of 80—90 mm. The structure and
ability of crushing for ingots with titanium content of
15, 20, 25, 30, 40, 45, 50 and 60 % have been tested.
The ingots have been examined in the cast state after
cooling in the air. A mixture of hydrofluoric, nitric
acid and water in the ratio (1: 1: 3) has been used to
researching the microstructure that has been deter-
mined using a MIM 8-M metallographic microscope.
Crushing ability has been determined by a non-
standard method on copra with a vertically falling
cylindrical striker. It was found that the ability to
crushing was the highest for the production of weld-
ing electrodes, ferrotitanium electroslag remelting
with a concentration of Ti 38—48 % should be used.
Originality. It was discovered that provided a Ti
content of 45 % partial decay of primary TiFe,

grains with TiFe formation is observed. Upon cool-
ing, the alloy becomes more balanced. The presence
of the TiFe decay phase in the middle of the TiFe,
grain due to the difference in structure creates addi-
tional internal stresses and facilitates the destruction
of the alloy. Practical value. The grinding coefficient
of ferrotitanium ESR with a titanium content of 38—
48 % and aluminum-thermal production are almost
the same, which facilitates their use in the manufac-
ture of welding electrodes.
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