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JIOCT/DKEHHSI BIUTVBY CTPYKTYPH 3/ITKIB ®EPOTUTAHY,
OTPUMAHIAX METO/IOM EJIEKTPOLIUTAKOBOI BUTUTABKH, HA IXHFO
3JTATHICTB JIO TIO/IPIGHEHHS
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Anomauia. /JocniovweHo cmpyknypy ma 30amHiCib 00 HOOPLOHEHHSL ITUIVKIE (DepOnumary pi3Hoeo
cnocoby eupobruymea. Bemarnoegnero, wo uacnikosuti po3nao nepeuriux 3eper TiFe, 3 ymeoperHsm
TiFe 6 cmpyrkmypi 2musKis hepormumarty enexmpouiarkosoi’ euriasku 3a koryernpayii Ti 38-48 %

HOKDAUYE 30ANTHICIT 00 HOODIOHEHHSL.
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Beryn

Y cydacHIX yMOBaX BUPOOHHILITBA MAILIH Ta
METAIOKOHCTPYKLIH 3BaprOBAHHS a/MIIACTHCS
OCHOBHMM TEXHOJIOITYHIM IPOLICOM. 3Bapro-
BAJTBHI MaTepiaii i TEXHONIOTI TIOCTIMHO BIIOC-
KOHATFOIOTECS, ajle Ha TPAKTHIY 3aCTOCYBaHHS
3BAPHUX JIETAIEH MAMH, 110 TPAFOOTh B
YMOBAX Y/IAPHHX 1 3HAKO3MIHHHX HABAHTAKCHB,
TPAIUBFOTECS. BHI/IKN PyHHYBAHHS B 30HI 3Ba-
pHOro 1Ba. BiporimHicTh pykHyBaHHS 3BapHOL
KOHCTPYKLU 3pOCTA€ TOZi, KOMU B METAII 1LIBA €
BKIIFOMEHHS, SIKi € KOHLIEHTPATOpaMHi Harpy-
KeHB, Ta IIKIJMBI JIOMIIIKA. 32 YMOBH BHCOKO-
IO PIBHS YMCTOTH EJIEKTPOTHONO JPOTY B METAT
3BapHOrO LIBA CIIOCTEPIrAETHCA TIPUPICT BMICTY
HEMETAIEBMX BKIHOMEHb 1 JIOMIIOK 3aBIEIKK
IXHBOrO TIEPEXOMY 3 KOMIIOHEHTIB OOMa3yBaHHSI
EIIeKTPO/IIB 1 HETIOBHOMY BUZIATICHHIO TPOITYKTIB
peaxitii poskucyieHHsT. OMHIM 31 CTIOCOOIB 3HH
YKCHHSI BMICTY HEMETAICBUX BKIFOYCHb Y Ha-
TUTABJICHUX METAIAX € BUKOPHCTAHHS B TIOKPHT-
Ti €JIEKTpOMB OUIBII YHCTHX (DepoCIUIaBiB 3
MEHILIMM BVICTOM JIOMILLIOK, BKIIFOYEH, & TAKOXK
BJIOCKOHATICHHST TEXHOJIOT1i BUTOTOBJICHHSI 3Ba-
PIOBTGHIX CIICKTPOZIB 3 METOIO 3HIDKCHHS

HMOBIPHOCTI PYHHYBaHHSI 3BapHOIO I11BA.
AHayIi3 myOiKaii

JIyis1 BUrOTORJICHHSI 3BApHKX BHPOOIB B0
BiZIHOTO TIPM3HAYCHHST 3aCTOCOBYFOTECS CJICKT-
POIK OCHOBHOTO ((hTOPHCTO-KATTHIIEBOTO) THITY,
3okpema Mapku YOHI 13/55. Bonu 3a0e3medy-
I0Tb OTPUMAHHSI HAMOUTHIII BUCOKHX TUIACTHY-
HHX BJIACTUBOCTEM METAly 3BAPHONO IIBa 3a
HIBBKOTO BMICTY HEMETAICBMX BKIIFOYCHD 1 Ta-
3iB [1, 2], 0 IOCAracThCs: POSKUCITIEHHSM METa-
JIy 3 BUKOpUCTaHHsM M, Si 1T, sKi nOMArOTEC
B TIOKPHUTTSL EICKTPO/IB Y BUIVISUI (bepOCIVIaBiB
[3]. Avie B LI5OMY BUTI/IKY BUTPUBATICTH 3Bap-
HUX 3’€/THAHb 3UTHIIRETECS HIDKYE, HIK BHTPH-
BATICTH OCHOBHOTO MeTany [4]. T OMIOBHOIO TpuY-

YMHOIO 3HWDKCHHS IMKTYHOI MITHOCTI [5] €
YYIIMBICTH HAIVIABIICHOTO METAl JI0 KOHLICHT-
pawlii Harpy>KeHb, CTBOPFOBAHKX BKIFOYEHHSMH,
30KpeMa 32 YMOBH 3HAKO3MIHHHX HABAHTAKCHb.

Arey q)epormaﬂi PTi35A amomiHoTEpMIY-
HOTO CTI0c00Y, SKMH BUKOPHCTOBYKOTH Y BUPO-
OHMITIBI 3BApIOBATIEHIX CJIGKTPOMIB, 00 €MHA
YacTka BKUTFO4eHb cTaHOBUTH 0,3 % YV 1poMy
BUIIIKY OUTBIIR YaCTMHA BKIHOYeHB (110 70 %0) €
TYTOIUIABKMMH 3aB/ISKH OKCHIAM aTFOMIHIKO [6],
SIK1 3a0py/THECFOTH METAUT 3BapHOTO 1B

Bukopucrannst (heporvrany, BUTOTOBIIEHOTO
MeTozioM erieKTpoririakool Buruiaeku (EILB),
31 3HAYHO MEHIIMM BMICTOM HEMETATIYHUX
BKIIFOYCHb Ta JIOMILIOK KOJIBOPOBHX MCTAIiB
JIO3BQUISIE  TTJIBUIIMTH  SIKICTh  HAIDIABIICHOTO
METaTy 3aBSKM 3MEHIIEHHIO KUTBKOCTI €K30-
T€HHHX BKJTFOUCH.

Qepomarepia, 10 HAISKATH JIO CKIATY
TIOKPHTTSI 3BAPIOBATIGHUX EIIGKTPOIB, TIONpiO-
HIOFOTB B ITRPOBHX MiTFHAX JI0 (hpakimi 0,15 mm,
TOMy (epOCIIaBH MOXKYTh TOIPIOHIOBATHICS JIO
33JIAHMX POSMIPIB 3 YTBOPEHHSM MIHIMATIEHOL
KUTBKOCTI  JIPIOHO/UCTIEPCHOI  TTIIONO OHOL
(paxi. Arne 3mTku GepoTUTaHy, OTPHUMAHOTO
meronoMm EIIB, 13 asanoriuavM BmictoM Ti
(28,5-30,0 %) Mmaroth JOCHTH HUBBKY TOIPiO-
HFOBAHICTb 13 YTBOPCHHSIM HEOTHOPITHOI (ppaK-
7.

Mera poGotvt — H0CTIIMTH CIPYKTYPH JIHTKIB
CIUIaBIB (PepOTHTaHY 13 PI3HAM BMICTOM TUTAHY
Ta BCTAHOBUTH 3Q/ICKHICTh 3IATHOCTI JIO NOIpi0-
HIOBAHHS! BiJI CTPYKTYPH Ta CKIIaly JTMBKIB.

I[oc.mmmﬂﬂﬂ 3IATHOCTI 10 HO[lplﬁHl(BaHHﬁ
Bi/l CTPYKTYPH Ta CKJIATY 3 MBKIB
(eporurany
MIKpOCTpYyKTypa BH3HAYAIACH 34 JIOTIOMO-

T'OFO BAKOPHCTAHHST METAIOrpahiuHOro Mikpoc-
korla MIM 8-M. TlompiGHroBaHICTh BU3HAYA-
JIach 3TIMHO 3 HECTAH/IAPTHOK METOIMKOI0 Ha
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KOTIPI 3 BEPTUKATBHO CIAJUTBHIM TITHIPHY-
HUM OOHKOM [ 7].

3mTkr deporrrady OyiI OTpHMaHI eJIeKT-
POIIITAKOBIM TICPEIUIABOM KOMOIHOBAHHX €JICK-
TPOIIB, CKIAJICHUX 31 CMYr HU3BKOBYIJICLICBOI
cram Cr3 TOCT 380-71 ta Turany BT1-0
I'OCT 19807-74 y Ml,uHOMy BOJIOOXQOJIOILKYBa-
HOMy Kpucramsaropi, riepetnHoM 80 5 90 mw.
JIoCIHKeHO CTPYKTYpY RIHTKIB 31 BMICTOM
tutany 15, 20, 25, 30, 40, 45, 50 Ta 60 %

3IMBKH [OCITI/DKYBAVICH Y JITOMY CTaHi ITi-
CI1s1 OXQIIOIDKEHHSI Ha TIOBITPI.

JIst BI3HAYCHHST MIKDOCTPYKTYpH Oyia BH-
KOpHUCTaHa IUIABUKOBOI 30THOI KHUCJIOTU

Ta Bomy y mporoputii (1:1:3). MikporsepricTs

BsHavYa Ha nprwia [IMI-3 3a HaBan-
Tekernst 00 1 100 T Ha 3paskax g1t MIKpOCTPY-
KTYPHOTO aHATI3Y.

CrpykTypa 37MBKIB QTFOMIHO-
TepmiuHoro BupoOHuirmBa GT130A (cxmam: Ti —
3042% Al —9-10% Si — 20-25% Cu —
032% C-011%) e H@O,HHOpi,HHOIO 3 BaJH-
KOO KUTBKICTIO HecyrtsHocTer (30 % roionp-
Hd 1iiga) (puc. 1, a). Ochopre none 1mida
saiivae (haza 31 BMicTom Tutany 25-39 % Ti,
110 3riHo 3 marpamoro Fe-Ti [8] (puc. 2) Bin-
nioBifige  iHTepmetamy TiFe, (H = 16000-
17700 MITa), Ta Bepmaii posunH Al i SI B
TiFe, (Ti —30-349% Al —-8.0-10% Si—1%)
(puc. 1, 0), MIKPOTBEPIICTh SIKHMX CKJlajiac
H=21200 — 22000 M Ia. 3rmTKH 3 TAaKOKO CTpY-
KTYPOIO € JIOCUTh KPUXKHAMH, BOHH JIETKO Tif-
JIAOTECSL TIOP1 OHEHHEO.

CrpyKrypa 3MBKa (epOTUTAHY, OTPUMAHOIO
meroriom EIIB, 13 ananoriuamm Bmictom Ti
28,5 % mae cyrTeBi BinMiHHOCTI. (OCHOBHI CBIT-
i JUIHKA Takoro (epocruiaBy MicTsims 28—
32%Ti, mo BI,ZIHOBI,ILaE CKITAITY n{repMeIamny
FeTi,. Alle HASBHICTh €BTEKTHKH (ortFeTh) 13
BMicTOM TuTady 14-16 % CBIIIHI/IIB po BIIXV-
JIEHHSI CTPYKTYPH 1[0rO CIUIABY BiJI PIBHOBAK-
HOro 3riyHo 3 miarpamoro Fe-Ti. Tiprmy 3nar-
HICTb /IO TIOZIPIOHEHHS! TAKOrO CIUIABY MOKHA
TIOSICHATY HASIBHICTEO MCHIII KPHXKOI CBTEKTHKA
(ortFeTiy).

Crpykrypa croasy 3 BmMictoM 40 % Ti cxia-
TRETEC 3 1BoX iHTepMeramime TiFe; 1 TiFe,
3¢pHA SIKUX YITKO BUHO Ha puc. 3, 0, 11 y3ro-
IDKYETHCS 3 Aiarpamoro Fe-Ti.

AJle BCTAHOBJIEHO, 11D 34 YMOBH Bmicty Ti
45 % criocTepiraroThesl YaCTKOBHI pO3Iial Iep-
BMHHUX 3epeH TiFe; 3 yrsopernam TiFe (puc. 3,
B, ) Y IPOLIEC] TIEPEXO]Ty CIVIABY JIO OUIBLIT PiB-
HOB&KHOT'O CTaHy TTiJT YaC OXQUIO/PKEHHSL

B

Puc. 1. Mikpoctpykrypa croaBy GT130A:
a) JI0 TpaBJIEHHST; 0) TTC/IsT TPABJICHHS
Ti. % (no maci)

10 20
L3 T T

30 40 S0 60 70 80 90

‘lll 1 1 I [)
7 1 !

1500 o
\ 142
1400 = L

M 317 0¢
| 1317°%C /

1600

o fo=TiFe =
N

%

1300

1289°C

1.8 16

1200

<
1100 y

1000

90

800
Vigrmme

700

600

500

- o = oy

400

0O 10 20 30 40 SO 60 70 80 90 100
Fe i, % (ar.) i

Puc. 2. JTiarpama crany crictemu Fe-Ti

KubKicTh TakuX JIUISHOK PO3TIaty 3p0CTae 3i
30UTBIIEHHsM KoHIeHTparti Ti. HassricTs (asu
posmanty TiFe Boepemani 3epha TiFe, uepes
BUIMIHHICTb y CIPYKIYpi CTBODHOC JIOJIATKOBI
BHYIPILIHI HAIPY)KCHES Ta CIIPESiE. OIBLLT Jier-
KOMY PyHHYBaHHIO CIUIaBy (prc. 4).
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Puc. 3. MixpocTpyKTypa CIUIaBiB ,
orpumanoro metoziom EITIB: a— 285 % Ti,

0—-40%Ti, B,T—45%Ti

WKTypa CIUIaBY, 110 MICTUTH OLTh-
e 50 % Ti, cxanaetes 3 erextikn B+TiFe
HaBKOJO TepBrHAKX 3epeH TiFe, mpo 3MeHtye
3/IATHICTb JI0 TONPIOHEHHsL, puc. 4.
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Puc. 4. 3anexHicts KoedirieHTa MOAPIOHIOBA-
HoCTI (pepoTrTaHy BiJT BMICTY TUTaHY

3a pe3ynbTaTaMM TIEPEBIPKH 3IATHOCTI IO
TIOZPIOHEHHST OyJI0 BHBHAYCHO, 110 HAWOUTHITT
OITTUMATTBHIAM € BMICT TuTady 38-48 % (puc. 4).
VY 1poMy BUINATIKY KoeillleHT TIOAPIOHEHHS
deporrrany  FIIIB Ta amomiHOTEpMIYHOTO
BUPOOHHIITBA TPAKTAYHO OJIHAKOBI, I TIOTET-
T1ye iX BUKOPHUCTAHHS B TIPOIIECI BUTOTOBIICHHS
3BAPIOBATTHHIX EJICKTPOZIIB.

BucnoBkn

[lin uyac mpoBeneHHs JOCTDKEHb Oyio
OTPUMAHO TaKi pe3yJIBTaTH:

1. Crpykrypa 3MBKIB (pepOTUTAHY EJIeKT-
POIIITAKOBOI BHIUIABKY BI/IPI3HSIETECS BT PIB-
HOB&KHOL

2. HasBHICTb y CTpYKTYpl CIUIaBIB (pepoTH-
Ty EIIB esrexmru o He€T, ta pHTiFe
YCKITAITHEOE TIPOLIEC TIOMPIOHESHHSL.

3. YacTkoBMi1 po3laj TEPBUHHUX 3¢pEH
TiFe, 3 ymBopenrsm TiFe B CTpyKTypi 3THMBKIB

EIIIB 3a xomnentparii Ti 38—
48 %6 oKpaTlye 3ATHICTD J0 TIOAPIOHEHHSL.

4. ]It BUpOOHMIITBA 3BAPIOBATEHUX EJIEKT-
OB HEOOXITHO BUKOPHCTOBYBAaTH (pepoTvTaH
EIB 13 xonrentpartieto Ti 38-48 %, 3narHICTh
JIO TIOTPIOHFOBAHOCTI SIKOrO HAVBHITRA.
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Annomayua. Viccieoosana cnpyknypa u- cnocoo-
HOCb K LBMETIbYEHUIO  CTIUIMKO8  (heppomumana
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Investigating the impact of structure of ferrotita-
nium bars obtained by the electroslag remelting
method on their crushing capacity

Alstract. 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 384 % improwes the ability
to crushing. Prablem. 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 ferratitanium 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 ferratitanium alloys with different
titanium content, and to establish the dependence of
the ability to crush on the structure and compaosition
of ingots. Methodology. Ingots of ferrotitanium were
obtained by electroslag remelting of combined elec-
trodes composed of strips of low-carbon steel St3and
titanium W1-0 in copper water-cooled crystallizer
with a cross section of 8090 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
oylindrical striker. It wes found that the ability to
crushing was the highest for the production of weld-
ing electrodes, ferratitanium electroslag remelting
with a concentration of Ti 3848 % should be used.
Originality. It wes 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 intemal stresses and facilitates the destruction
of the alloy. Practical value. The grinding coefficient
of ferratitanium 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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