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Annomayusn. B pabore paccMotpeHa 3 QeKTHBHOCTb MPHUMEHEHHUsI TEXHOJIOTUH TIPSIMOTO JIETHPOBaHMUsI BOJIB(paMoM npu
HaIUIaBKe o1 (IrocoM U3 MOPOILIKOBBIX MPOBOJIOK, COAEPIKAIIMX B KAUECTBE HAIOHUTENS OKcH Bosibppama WO
u BoccraHoBUTeN M. [loka3aHo, 4TO MM AIEKTPOAYrOBOM paspsiie B IPOLECCe HAIUIABKH MOTYT O0Opa30BBIBATHCS
Bosb(paM U (MiIM) XUMHYECKHE COeIMHEHNsI Bolb(pama (KapOusipl, CHITMLABL, OOPHABI U IPYTHE COCIMHEHNsT), B
CBSI3M C OTHM BO3MOXKHO HCIIOJIB30BAaHHE TaKHMX IOPOLIKOBBIX MpoBONIOK. [IpoBoyioku Obut onpoOoBaHbl B
J1a00paToOpHBIX W TOIYIPOMBIILIEHHBIX ycloBusX. Hacrosimas paboTa mocBsiieHa TepMOJMHAMUYECKON OILCHKE
BO3MOXXHOCTH BOCCTaHOBJIEHHsS okcuaa Bonb(ppama WOs tutaHoM. IIpoBeneHsI TepMOIMHAMUYECKUE PACUETHI
peakumii BoccTaHOBNEHMsT okcupa Bomb(pama WOs ¢ wmcmonp3oBaHmeM TutaHa 1o Temrepatypel 3000 K B
CTaH/IAPTHBIX YCIOBUSIX C TOdy4deHueM Boibppama u okcumoB tutana 110, TiOz TizOs, TisO7, TiOx.
HeoOxomnMble il OLEHKM BOCCTAaHOBHTENBHBIX CBOWCTB TEPMOJWHAMHYECKHE XapaKTEPUCTHUKH PEaKiwii B
cragnapTHEIX ycnoBwsiX [AdH(T), AS%(T), A/G°(T)] mis BelIecTB B KPUCTAUIMISCCKOM H KHIKOM COCTOSHHSX
paccuuTaHbl B TEMIIEpaTypHOM HHTepBaie cBapouHoit myru 1500 — 6000 K mo TepMoauHaMHYECKUM CBOMCTBaM
[[H(T) — H°(298,15 K)], SX(T), AH°(298,15 K)] pearertoB WO3, W, Ti, TiO, TixOs, TizOs, TisO7, TiO2 B
pe3ysbTaTe MpOBEJCHHOTO TEPMOAMHAMMYECKOTO aHAIM3a M0 TEPMOAWHAMHYECKUM XapaKTEPUCTHUKAM PEaKIyid
omnpezeneHo, uro B pesynbrarte BoccraHoBineHust WOs turtaHom mo Temneparypsl 2100 K tepmonuHamuuecku
Hanbosee BeposTHO momydenue okcua TiO,, mpu Temrepatype Boime 2100 K Hanbonee BeposiTHO 00pasoBaHue
okcuza TisOr. TepMoarHAMHUYECKH HAUMEHee BEpOsTHO obpa3osanue okcroB Ti0, TiOs, TizOs.
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Abstract. The paper considers the effectiveness of the technology of direct alloying with tungsten in submerged
welding of powdered wires containing WO3 tungsten oxide and reducing agents as a filler. It is shown that
during electric arc discharge, tungsten and (or) chemical compounds of tungsten (carbides, silicides, borides
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and other compounds) can be formed during the surfacing process. In this regard, it is possible to use such
powder wires: they have been tested in laboratory and semi-industrial conditions. This work is devoted to the
thermodynamic assessment of the possibility of reducing tungsten oxide WO3 with titanium. Thermodynamic
calculations of reactions of recovery of tungsten oxide WO3 using titanium to a temperature of 3000 K under
standard conditions were carried out to obtain tungsten and titanium oxides TiO, Ti2Os, TizOs, TisO7, TiOs..
The thermodynamic characteristics of reactions necessary for the assessment of reducing properties under
standard conditions [ArH°(T), AS°(T), A:G°(T)] for substances in crystalline and liquid states are calculated
in the temperature interval of the welding arc 1500 — 6000 K according to thermodynamic properties
ceotictBam [[H°(T) — H°(298.15 K)], S°(T), AH°(298.15 K)] reagents WO3, W, Ti, TiO, Ti;O3, TizO0s, TisOz,
TiO2. As a result of the thermodynamic analysis of the thermodynamic characteristics of the reactions, it was
determined that as a result of the reduction of WO3 by titanium to a temperature of 2100 K, the production of
TiO; is thermodynamically most likely, at temperatures above 2100 K, the formation of Ti4O7 is most likely.

Thermodynamically, the production of TiO, Ti»Os, and TizOs oxides is the least likely.

Keywords: thermodynamics, reduction, tungsten oxide, titanium, non-metallic inclusions
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Beenenue

s HammaBKkM CTajgeld ¢ BBICOKOW M3HOCOCTOM-
KOCTBIO B HACTOSIIEE BPEeMs NPUMEHSIOTCS MPOBO-
JIOKH, cofeprkaiie Boiab(pam. B xagectse Hamou-
HUTEJIeH BOCCTAHOBJICHHBIA BOJIb()paM MOXKHO HC-
MOJIL30BATh B Pa3IMYHOM BHJE: B Buze (eppociuia-
BoB [1 — 3], nuraryp [4 — 7], MeTaTMYECKOTO TO-
pOIIIKa pa3IMYHON CTeneHn 4uctoThl [8 — 11]. Pa-
[IMOHAJILHOE MCIOJIb30BaHUE BOJIb(hpamMa 0COOCHHO
aKTyaJbHO M BOCTPEOOBAHO M3-3a BBICOKOW CTOM-
MOCTH €TO IOJYYeHHs M HEJOCTaTOYHO OOJBIIOrOo
KoJIMuecTBa 3anacos [12 — 14].

OpHMM U3 TyTeW pelieHus] BOIPOCOB TIOBBIIIE-
HHS TIOJIE3HOTO HCIIONIb30BaHMS BOJIb(pama sBIsieTcs
MPOBEZICHHAE TEOPETUUESCKUX — TEPMOIMHAMHYECKUX —
pacueroB. B paborax [15, 16] mpomemoHCTprpoBaHa
BbICOKass I((PEKTUBHOCTh TNPHMEHEHUS] TEXHOJIOTHU
IpsIMOTO  JISTHPOBAaHUST BONB(PaMOM TIPH HAIUIABKe
nos (uIrocoM M3 TIOPOIIKOBBIX TPOBOJNIOK. HamoHu-
TEJSIMU B MIPOIIECCaX TMPSIMOTO JITUPOBAHUS UCTIOINb-
3yIOTCS, C OJHOW CTOPOHBI — OKCHJ BOJIb(pama
WOs3, ¢ apyroii — BocctanoButenu [17, 18].

[pu HaraBKe MOTYT 0OpPa30BBIBATHCS BOIb(pam
u (WIH) pa3IH4Hble XUMHYECKHE COCIHHEHHS BOJIb-
¢dpama (kapOuIbl, CUITUINABL, OOPHIBI U IPYTHE).

I[.HH HN3Yy4YCHHA BO3MOXHOCTH NPUMCHCHUSA I10-
POIIKOBBIX MPOBOJIOK, COJEpKAIIMX BOJb(pam,
MPOBECHBI JIA0OPATOPHBIC U MOJYNPOMBIIIICHHBIC
uccienosanus [19].

ensto HAcTOsIIEH PabOTHI SBISETCS TPOBETIE-
HUE TEPMOIMHAMUYECKON OIIEHKH BO3MOXKHOCTH
BOCCTaHOBJIEHUs okcua Bobppama WO3 TuTaHOM.

IIpoBenenue wucciaenoBannii M oOCyxkIeHHe
pe3yJibTaTOB

Jns TepMOJIMHAMUYECKOW OLIEHKH BEPOSTHOCTU
BOCCTaHOBJICHHS okcuja Bonbppama WO; TuraHoM

C TOJIyYeHHEM BOJb(ppamMa pacCMOTPEHBI CIEAYIO-
1€ PeaKIIH:

1/3 WOs, x) + Ti(K, x®) — 1/3 Wi, 50 + TiO(K, K)1 (1)
1/2 WO3(K, x) T Ti(K, x®) — 1/2 W(K, x) T 1/2 Ti203(K, ) (2)
5/9 WOs(, 5) + T, ) = 5/9 Wik, 5 + 1/3 Ti3Os, x); (3)
7/12 WOs, x) T Ti(K, ®) = 7/12 Wi, 20+ 1/4 Ti4O7(K, ) (4)
2/3 WOs, x) T T, x®) — 213 Wi, 50 + TiOx2, x)- (5)

TepmoarHaMIUECKHE XapaKTepUCTUKH peakuuii (1)
— (5), HEOOXOMMBIE ISl OLICHKH BOCCTAHOBUTEIIBHBIX
CBOICTB, pacCUMTaHBl B CTaHAAPTHBIX YCJIOBHSIX
[AH(T), AS°(T), ArG(T)]. [1ns ipoBeicHNs pacieToB
WCTIONIb30BaHbl M3BECTHBIC METOJIBI, OIMCAHHBIE B pa-
6ore [21]. PaccmarpuBany BemecTBa B KPUCTAILTNYE-
cKoM (K) u skukoM (k) coctosHUsX. Pacuets! mpoBe-
JICHBI B TEMIIEPaTypHOM HHTEPBAJIC CBAPOYHOH Iyr'H
1500 - 6000 K. TepmoanHamHYecKre CBOWCTBA
[[H°(T) — H°(298,15 K)], S°(T), AH°(298,15 K)] pea-
TCHTOB WOg, W, Ti, TiO, TizO3, Ti305, Ti407, Ti02
B3ATHI U3 CIIPaBOYHMKA [22].

PaccunranHbie 3HaUEHUS CTaHIAPTHON dHEPTUU
I'm66ca peakumii (1) — (5) B 3aBHCUMOCTH OT TE€M-
nepaTypbl IPUBEJICHBI B TAOIHUIE U Ha pHC. 1.

W3 ananmm3a mpuBe/IeHHBIX AaHHBIX CIEIyeT, YTO
Hanboliee TEPMOTUHAMUIECKH BEPOSATHON peaKIen
BOCCTaHOBJIEHHs okcuia Boib(ppama WO; siBisieTcs
peakiust (5) — BOCCTAaHOBIIGHHE THUTAHOM JO BOJb-
¢dpama c moxydenuem okcupa 110, B MHTEpBaye
temneparyp 1500 — 2100 K. IIpu temneparypax
Beire 2100 K HamGomnee BEeposSTHO MPOTEKaHHE pe-
akiuu (4) ¢ obpasosanuem okcuna Ti407. Tepmosu-
HaMUYECKH HaMEHEe BEPOSITHO MOJTydeHUE OKCH/IOB
TiO, Ti203, Tiz0s. Takum 00pa3oM, B cocTaBe HEME-
TAUTMYECKUX BKJIIOYEHHUH IIOCIIE HAIUIABKH TPOBO-
JIOKOH, comeprkamiedt okcun Bonbhpama WOz u tu-
TaH, BEpOATHO Toirydenne okcunos T10; u TiaOy.
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CranpaprHable 3Hepruu I'n66ca peakumii (1) — (5) B 3aBHCHMOCTH OT TeMIIEPATYPbI
Standard Gibbs energies of reactions (1) — (5) depending on temperature

AGe(T), kx, mpu T, K

Peax 1500 2000 2500 3000

1 —245,807 —238,444 —233,919 —228,601

2 —323,452 —313,288 —302,588 —292,993

3 —341,657 —331,713 —324,151 —316,793

4 —348,073 —337,182 —328,537 —318,712

5 —363,216 —344,959 —325,394 308,679
BbiBoabl deposits against abrasion. Weld International.
IIpoBeneHa  oOIleHKA  TEPMOAMHAMUYECKHX 2009;23:706-716.

coticte [ArH®(T), A/G°(T)] BocCTaHOBHTENBHBIX
peaknuii okcuna Bonbppama WO3 tutanom (TSTH
peakmuii) ¢ oOpa3oBaHHEM BOJIb(PpamMa W OKCHIOB
TiO, Ti,03, Tiz0s, TisO7, TiO,.

[lokazano, yto Hambojee TEPMOJMHAMUYECKU
BepoATHOH peakieir BoccraHoBieHuss WOz mpu
temneparypax mo 2100 K sBnsercst peakuus ¢ mo-
naydeHueM okcuna T102, a pu TemrepaType BbIIIe
2100 K nanboimee BepOATHO MPOTEKAHHUE PEAKIIUHU C
obpaszoBanrem okcuzaa Ti:07. TepMoanHAMUYCCKH
HaMMEHee BEpOATHO TMojiyueHue okcumoB Ti0,
Ti,03, Ti30s. Takum 06pa3oM, B COCTaBEe HEMETa-
JMYECKUX BKJIIOYEHHWH I10CIIE HAIUIaBKH IPOBOJIO-
KoM, coneprkained okcua Boinbppama WO3 u TuTaH,
BeposATHO mosydeHne okcuaoB Ti0O; u TisOy.
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Fig. 1. Standard Gibbs energies of reactions (1) — (5) depending on temperature
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