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Annomayusn. [IpakTHYeCKnil HHTEPEC C LEBI0 PECYPCOCOEPEKEHHS TPEACTABIISET TEXHOIOTHS [yTrOBOH HAIUIABKK MOPOILIKOBOM MPOBOJIOKOH, B KOTOPO
B KaU€CTBE HAIOJIHUTEIEH HCTIONB3YI0TCst Okl Bonb(pama WO, n BemecTso (peppocuinumii), conepiaiiee BOCCTAHOBUTENb — KpeMHuid. B pa6o-
Te NPOBE/ICHa TEPMOAMHAMUYECKAs OLIEHKA BEPOSITHOCTH TIPOTEKAHHS B CTAHAAPTHBIX YCIOBHAX JAEBATH PeaKLiii 0 TAOIMYHBIM TEPMOAMHAMUYC-
CKMM JIAHHBIM PeareHToB B MHTepBae Temmeparyp 1500 — 3500 K. B uncne peaxkuuii — peakiuu npsMoro Bocctanosenus okcnna WO, kpeMuuem
1 peaKIuy COeAMHEHUs Bob(pama ¢ KpeMHUEM ¢ 00pa30BaHUEM CHIIMIMAOB Bolb(pama. B kauecTBe BO3MOXKHBIX IPOLYKTOB peaKiuii paccMaTpu-
Banch W, WSi,, W, Si,. Peakuuu BoccTaHOB/ICHHS OKCHIA 3anChiBajii Ha 1 Monb O,, a peakiliy COe/IMHEHHUS BOJIb(ppama ¢ KpeMHIeM — Ha | Moitb
W. BeposiTHOCTb TpOTEKaHusl peaKiinii OLleHNBAJIM M0 CTaHAapTHOW sHeprun [n60ca peakunii. B kauecTBe cTaHAapTHBIX ISl BEIECTB-PEAreHTOB
B urrepsaie 1500 — 3500 K 6sum Beibpanst coctostums: W, . WO, ¢ (bazosbM nepexonoM mpu 1745 K, WSi ¢ (ha30BBIM NIEPEXOLOM IIPH
2433 K, WSSi3(TB, 0 C (azoBbIM mepexozoM mpu 2623 K, Si(m, 0 © basobiM nepexonom npu 1690 K, SiO,, SiO2(TBY 0 C (ha30BBIM MIEPEXOIOM TIPH
1996 K. C uenbto OUEHKHU CTENEHH BIMSHUS HA TEPMOJMHAMUYECKUE CBOHCTBA PeaklMii BO3MOKHOTO UCHapEHHst B iyre okcuja Bonbdpama WO,
PAcCUNTHIBAIIM TEPMOAMHAMUYECKUE XapAKTEPUCTUKM OHON M3 pEaKiuii, B KOTOPOH B KaueCTBE CTAHJAPTHOIO COCTOSHHSA B TOM K& MHTEpBaJIe
TeMIeparypsl BeGpano cocrosuue WO, . TepMoauHaMuaeckuit aHali3 MOKa3bIBACT, YTO PH BOCCTaHOBICHKH okcna WO, HanGormee BepoATHO
obpasosanue cumunuaos WSi, u W, Si,, 3arem Bonbdpama. TepmMonuHamMuyeckas BEPOATHOCTh 00Pa30BaHMUs STUX K€ CHIIMIUIIOB 3 CYET PeaKiuii
coeMHeHust Boib(paMa 1 KPEMHUSI B CTAaHJAPTHBIX COCTOSIHUSAX OKa3bIBAETCs CYIIECTBEHHO MeHbLIE. BoccTaHOBUTENbHAS CIOCOOHOCTD KPEMHUS
B peakuusx ¢ obpaszosanreM SiO, ¢ NOBBILICHHEM TEMIEPaTYPbl YMEHBIIACTCA, @ B peakuuax ¢ odpasosanueM SiO, HA000POT, yBEIMYUBAETCSL.
Bcenencreue 3toro B paccMarpuBaeMoil CHCTEME IPH BBICOKHX TemIeparypax paciuiasa (Oonee 2500 K) BeposTHO H3MEHEHHE cOCTaBa ra3oBOil
(asbl 3a cuer obpaszosanus SiO. [Ipu Temneparypax menee 1750 K munakoBasi aza moxer cTaTh Oosee KHCIION 3a CYET 00pa3yroLIErocsi OKCHIa
kpemuus SiO,. Mcnapenne WO, B fiyre yBeIMuMBaET TEPMOJAMHAMUYECKYIO BEPOSTHOCT MPOTEKAHHS PEAKLMH BOCCTAHOBICHHUS, HO B GonbLIck
CTEICHU NPU HU3KOI Temmeparype.
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Knrouessle cnosa: TepMoanHAMUYECKHH aHaM3, sHeprus [ nbOca peakumu, OPONIKOBasi MPOBOJIOKA, OKCH] Boib()pama, (heppoCHITHIM, TyroBas Ha-
IUIaBKa, BOJIb()paM, BOCCTAHOBIICHUE, CHITIIU/IBI BOJIb(pama.
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Pa3BuTue TEXHONOTMM BOCCTAHOBIEHHS JeTalell Ma-
LUIMH TOPHO-METAJIIIypru4eckoro KOMIUIEKCA C IMpHUMEHe-
HUEM MOPOIIKOBOM MPOBOJIOKK BEAET K pa3pabOTKe U UC-
CJIEJOBAHUIO HOBBIX MapoOK CTaJH U JKEJIe30yIJIEPOAUCTBIX
crutaBoB kak B Poccuiickoit @enepanuu, Tak u 3a pyOe-
xom [1 —17].

[IIupokoe pacmpocTpaHeHUE Jis HAIMJIABKU CTaJeH,
00MaaroIMX HAWBBICIICH H3HOCOCTOHKOCTBIO, IMOJYYH-
JIY TIOPOILKOBBIE MPOBOJIOKH C BOIb(PPAMOM, B KOTOPBIX B
KaueCTBE HAIlOJHUTEJEH Ci1y>KaT BOCCTAHOBJIEHHBIH BOJIb-
¢dbpam B BHIe (EeppOCIIaBOB, JIUraTyp U METAUINYECKOTO
TIOPOIIIKa pa3iIudHON creneHu 4ucToThl [18 —20]. Kpome

TOTO, JUIsS MPUAAHUS OMPEICICHHBIX CIIYyXKEOHBIX CBOHCTB
MOTYT HCIOJIb30BaThCs CHIINIHABI BOIb(ppama.

Heo6xoauMoCTh NpHMEHEHUs: pecypcocOeperaromnux
TEXHOJIOTUH, 8 HMMEHHO pPAlMOHAIBHOE HCIOJIb30BAHUE
BOJIb()paMa B CBSA3U C €r0 BBICOKOI CTOMMOCTBIO U e(u-
LUTHOCTBIO SIBIISIETCS. OJIHUM U3 aKTyaJbHbIX HalpaBICHUN
HAa JJaHHBII MOMEHT.

Jl1s IpakTH4eCcKOro NpUMEHEHUs IPEACTABISAET UHTE-
pec TEXHOJOrUsl HAaIUIaBKU IOPOLIKOBOM IPOBOJIOKOH, B
KOTOpPOH B KayeCTBE HAMOJHUTENS UCIONb3YIOTCS, C OJ-
HOU CTOPOHBI, OKCHJ BoNb(pama, a ¢ Ipyroil — Boccra-
HOBHTEJIH.
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B Takux npoueccax XuMUYCCKUE COCAUHCHU BOJ'II)(I)—
pamMa ¢ HeMeTaJIaMH-BOCCTaHOBHUTEISIMH MOTYT 00pa-
30BaThCsl MPU AYTOBOM paspsiie, B MpoLecce HAIUIaBKH.
Panee [21] Obu1a mpoBeneHa TEPMOJAMHAMUYECKAS OICH-
Ka BEPOSTHOCTH NPOTEKAHUS PEaKLUUid BOCCTAHOBJIICHHS
okcuga WO, yrieposom (paccMOTPEHO Kak MNpsMoe,
TaKk U KOCBEHHOE BOcCTaHOBIeHHe). Hacrosmas padora
MOCBAILIEHA MPOLECCaM BOCCTAHOBIEHHUS 3TOr0 OKCHIA
KPEMHMEM IIPHU JAYTOBOM paspsi/ie IpH HallJlaBKe MOpOII-
KOBOHM MPOBONIOKON. KpemMHUIT B MOPOMIKOBYIO TIPOBOJIO-
Ky BBOJHTCS B CIITaBe ¢ xene3oM Mapku FeSi 75A10.5-A
o 'OCT 1415-93, knacc kpynuoctu — §. CoritacHO H-
arpamMme coctostHusi cuctembl Fe—Si [22], B unTepBane
temmeparyp 298 — 1481 K B ¢eppocmiunum Takoro coc-
TaBa KpCMHI/Iﬁ HaXoAuTCsA B TBEPAOM COCTOSIHMU B paB-
HOBECHH C TBEPIBIM CHIMLHMIOM kene3a FeSi,, 3arem B
unrepsasie 1481 — 1583 K — B paBHOBECHU € )KHIKUM pac-
TBopoM Fe—Si mepemenHoro cocrara, a mociie 1583 K —
MOJIHOCTBIO MEPEXOANT B )KUJIKUN PacTBOP.

[IpoBenena TepmoaMHaMuUecKast OLIEHKa BEPOSATHOCTH
MPOTEKAHUSA CIEAYIOINX PeaKIIUi:
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Peaknuu BOCCTAHOBJICHHS OKCHAA 3alMCHIBAINA HA
1 MOJIb KHCIOPOJa, @ PEaKIUH COCIUMHEHHS BOJIb(pama ¢
KpeMHHEeM — Ha 1 Monb Bonb(hpama. XUMHUYECKHAH COCTaB
W TeMIepaTypbl KOHTPYIHTHOTO TUIABJICHUS COCJIUHEHHH
BOJb(ppama ¢ KPEMHUEM OIPEACIUTH U3 AUATrPaMMBI TLIaB-
KOCTH cucTeMbl W—Si COIIacHO JaHHBIM CIPaBOYHOTO
ncroyHuka [22].

TepmoauHamuueckue XapaKTePUCTUKH peaxuui
(1)-(9) B cranmapraeix ycnousax (A H(T), A S°(T),
A G°(T)) paccunThiBaIM M3BECTHBIMH MeTodamu [23] B
uatepBasie Temneparyp 1500 —3500 K mo Ttepmonmnna-
muveckum cpoiictBam ([H°(T) — H°(298,15 K)], S°(7),
A H®(298,15 K)) pearenros WO;, W, Si, Si0, SiO, [24] n
WSi,, W.Si, [25, 26].

B xavecTBe CTaHAAPTHBIX COCTOSHUH IS BEIIECTB-pea-
renToB B uHTepBase 1500 — 3500 K Obiu BeIOpanst: W,
WO, 0 € ¢azoBeIM mepexomoM mpu 1745 K; WSiz(m, % C
¢dazoBbiM Tiepexogom npu 2433 K; WSSi3(TB’ % (hazoBbIM
niepexogoM nipu 2623 K; Si(m, % € ($ha30BBIM TEPEXOIOM
npu 1690 K; SiO ), Si0,, ., ¢ (a3soBbIM nepexonoM npu
1996 K. B peaxmuu (9), B KOTOpOW OIICHUBAIACH CTEMEHb
BJIMSIHUS HA TEPMOJAMHAMHUKY BOCCTaHOBJICHHUSI BO3MOXKHOTO
UCIIapeHus OKCHIA BOIb(pama B AyTe, B OTINYNE OT peaK-
1uH (6) UCTIONB30BAIH CTAH/IAPTHOE COCTOSTHHE WO3(F).

Crannaprabie dHepruu ['u66ca peakuuii (1) — (9) npu-
BCJICHBI B TaOJNHWIlE U HA PUCYHKE. AHAIM3 OTHX JTAHHBIX
MOKAa3bIBAaET, YTO HaMOOJee BEPOSTHBIMH C YYETOM BEI-
COKOTEMIICPaTypHOTO TOTEHIMAIa TYTH SIBISIOTCS peak-
uuu (6) — (9), KOTOpbIe OCYIIECTBIISIIOTCSI C 00pa30BaHUEM
MPOAYKTa BOCCTAHOBJICHHS SiO(r). Hcnapenne WO, noBbi-
IaeT BEPOSTHOCTH IPOTEKAHUS PEAKIUIl BOCCTAHOBICHHS
B oOactu OoJiee HU3KUX TEMIIEparyp, HO B 00JIaCTH BbICO-
KHAX TEMIIEpaTyp 3HaYeHUE TOTO (haKTOpa HUBEIUPYETCS.

(t8)”

CranpaprtHuble Hepruu I'noo6ca peaxuuii (1) — (9) B 3aBHCUMOCTH OT TeMIIePaTypPbl

Standard Gibbs energy of the reactions (1) — (9) depending on temperature

A G°(T), xIx, npu T, K
Peaxnus !
1500 2000 2500 3000 3500
) -328,433 -305,668 —270,556 —234,836 —198,978
2) —435,490 —414,301 -377,616 -362,831 —348,710
3) -361,281 -337,117 —298,786 -267,132 —237,748
4) —-160,585 —162,949 -160,590 —191,991 —224,598
(5) -49,272 47,174 —42,345 —48,444 —58,156
(6) —139,948 -268,310 —373,169 —473,615 -570,770
(7) —247,005 -376,943 -480,229 -601,610 —720,502
®) —172,796 -299,759 —401,399 -505,911 —609,540
) -315,291 -392,631 457,241 —-520,749 —583,703
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3aBUCUMOCTh CTaHIAPTHBIX SHepruii ['nb60ca peakuuii (1) — (9) or
TeMIIepaTypbl

Dependence of standard Gibbs energy of the reactions (1) — (9) on
temperature

Kak  mpy BOCCTaHOBHTEIBHBIX MPOIIECCaX C YIaCTHEM
yriepoaa [21], Haubonee BEpOATHBI peakluu ¢ 00pa3o-
BaHHWEM OMHAPHBIX COCAMHCHHUH MEKIy METAJJIOM H He-
METaJUIOM-BOCCTAHOBUTEIICM, B IAHHOM CJIy4ae CUJIHIIH-
OB BOJb(paMa, a He YnucToro mMeramia. [Ipuduem, dem
MEHBIIIE METaJlJIa COACPIKUTCS B CUITUIIIIC, TEM OOJIbIIe
TePMOAMHAMHYECKAsT BEPOSTHOCTH €ro oOpa3oBaHUS.
Takum oOpa3oM, U3 IByX UMEIOIIUXCS Y BOJdb(pama cu-
auuuaos WSi,, W Si; (coracHo auarpaMme COCTOSHUS
[22]) naunbGonee BeposTHO oOpasoBanue cununuaa WSi,
no peakuuu (7). BeposiTHOCTh peaknuii oOpa3oBaHHUs
CUJIMIIMIOB 3@ CUET MPSIMOTO COCAMHEHHUs BoJb(pama u
KPEMHUSI B CTAaHAAPTHBIX COCTOSHHUSIX OKAa3bIBACTCS Cy-
II€CTBEHHO MCHBIIEC.

Crnemyer Takke OTMETHUTb, YTO BOCCTAHOBHTEIHHAS
CIOCOOHOCTh KPEMHUsL B peakiusax ¢ obpazosanrem SiO,
(peakumu (1) — (3)) ¢ yBenMUEHUEM TeMIIepaTypbl YMEHb-
IAETCsI, B TO BPEMsI KAK BOCCTaHOBUTEJIbHASI CIIOCOOHOCTh
yriepona B peakuusax ¢ WO, [21] ¢ poctom Temneparypsl
YBCJIMYUBACTCA BO BCEX ClIydasax, HEC 3aBUCUMO OT MPOAYK-
Ta OKUCIICHHS yIIIeposa.

Buieoowi. TlpoBeneHHbIE TEPMOIMHAMUYECKHE PACUETHI
BOCCTAHOBJICHHSI OKCHJIa BONIb()paMa KPEMHHEM TTOKa3alIH,
uT0 0Opazosanue cunuuuaa WSi, o peakiuuu BOCCTaHOB-
JIEHWsI OKchja Boib(ppama ¢ oOpasoBanueM SiO Hanbo-
Jiee BEPOSITHO 110 CPABHEHHUIO C 00pa30BaHUEM CHIIHIHIA
W.,Si,, Ipu 5TOM BEPOATHOCTH peakuuii 0Opa3oBaHHs CH-
JIUIIUIOB 32 CUET MPSIMOT0 COSTUHEHUsI BOJIb(paMa U KpeM-
HUSI B CTAHIAPTHBIX COCTOSIHUSX OKa3bIBACTCS CYNICCTBEH-
HO MeHbIe. BoccTaHoBUTENbHAS CIOCOOHOCTh KPEMHHUS B
peakuusax ¢ obpasoanueM SiO, NpH NOBBIIEHUH TEMIIE-
paTypbl yMEHBINIACTCS, a B Peakusix ¢ oopazoBanueM SiO,
Ha00O0pPOT, YBEITMYUBACTCS.
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SOME THERMODYNAMIC ASPECTS OF WO, RECOVERY BY SILICON

V. Bendre, V.F. Goryushkin, R.E. Kryukov, N.A. Kozyrev,

V.M. Shurupov

Siberian State Industrial University, Novokuznetsk, Russia

Abstract. Practical interest, with the goal of resource conservation, is the

technology of arc welding with powder wire in which the fillers are
used, the tungsten oxide is WO,, and the material (ferrosilicon) with
a reducing agent is silicon. In the work, a thermodynamic estimate
of the probability of nine standard reactions under tabular thermody-
namic data of reagents was carried out in the temperature range from
1500 to 3500 K. Among the reactions, the reaction of direct reduc-
tion of WO, oxide by silicon and the reaction of a tungsten-silicon
compound with the formation of tungsten silicides are considered. As
possible products of the reactions were considered W, WSi,, W.Si,.
The reduction reaction of the oxide was recorded on 1 mole of O,, and
the reaction of the compounds of tungsten with silicon — on 1 mole of
W. The probability of reactions was estimated by their standard Gibbs
energy. As standard for reagent substances in the range 1500 — 3500
K, the following states were selected: W(Soli " WO3(SOli 4, Tiquid) with a
phase transition at 1745 K, WSiz(s,’ |, With a phase transition at 2433 K,
WSSi3(S., b with a phase transition at 2623 K, Si(s.! , With a phase transi-
tion at 1690 K, SiO(l_), SiOZ(S_, 5 with a phase transition at 1996 K. In
order to assess the degree of effect on the thermodynamic properties of
the possible evaporation reactions in the tungsten oxide WO, arc, the
thermodynamic characteristics of one of the reactions were calculated
in which the WO, state was selected as the standard state in the same
temperature range. Thermodynamic analysis shows that at the reduc-
tion of WO, the formation of silicides WSi, and WS, is most likely,
then tungsten. The thermodynamic probability of formation of these
silicides due to the reactions of the tungsten-silicon compound in stan-
dard states turns out to be substantially lower. The reducing ability of
silicon in reactions with the formation of SiO, decreases with increas-
ing temperature, while in the reactions with formation of SiO, on the
contrary, it increases. Consequently, in the system under consideration
at high melt temperatures (more than 2500 K), a change in the compo-
sition of the gas phase due to the formation of SiO is more likely. At
temperatures below 1750 K, the slag phase can become more acidic
due to the resulting silicon oxide SiO, . The evaporation of WO; in the
arc increases the thermodynamic probability of the reduction reactions
occurrence, but more at a low temperature.

Keywords: thermodynamic calculations, tungsten reduction, silicon, tung-

sten silicides, flux cored wire, surface welding, temperature.

DOI: 10.17073/0368-0797-2017-6-481-485

484

REFERENCES

Klimpel A., Lisiecki A., Janicki D. The study of properties of Ni-
WC wires surfaced deposits. In: Proceedings of 13th international
scientific conference on achievements on mechanical and material
engineering. 16-19 may 2005, pp. 299-302.

Patricio F. Mendez, Nairn Barnes, Kurtis Bell, Steven D. Borle,
Satya S. Gajapathi, Stuart D. Guest, Hossein Izadi, Ata Kamyabi

10.

11.

12.

13.

14.

15.

16.

17.

Gol, Gentry Wood. Welding processes for wear resistant overlays. J.
of Manufacturing Processes. 2014, no. 16, pp. 4-25.

Zahmatkesh B., Enayati M.H. A novel approach for development of
surface nanocomposite by friction stir processing. Mater. Sci. Eng.
2010, vol. 527, pp. 6734-6740.

Morisada Y., Fujii H., Mizuno T., Abe G., Nagaoka T., Fukusumi M.
Modification of thermally sprayed cemented carbide layer by friction
stir processing. Surf. Coat. Technol. 2010, vol. 204, pp. 2459-2464.
Badisch E., Kirchgabner M. Influence of welding parameters on
microstructure and wear behaviour of a typical NiCrBSi hardfacing
alloy reinforced with tungsten carbide. Surf. Coat. Technol. 2008,
vol. 202, pp. 6016-6022.

Azzoni M. Directions and developments in the types of hard phases
to be applied in abrase deposits against abrasion. Welding Int. 2009,
vol. 23, pp. 706-716.

Klimpel A., Dobrzanski L.A., Janicki D., Lisiecki A. Abrasion re-
sistance of GMA metal cored wires surfaced deposits. J. Mater. Pro-
cess. Technol. 2005, vol. 164-165, pp. 1056-1061.

Kirchgabner M., Badisch E., Franek F. Behavior of iron-based
hardfacing alloys under abrasion and impact. Wear. 2008, vol. 265,
pp. 772-779.

Chang C-M., Chen Y-C., Wu W. Microstructural and abrasive char-
acteristics of high carbon Fe-Cr—C hardfacing alloy. Tribol. Int.
2010, vol. 43, pp. 929-934.

Buchanan V.E. Solidification and microstructural characterization
of iron—chromium based hardfaced coatings deposited by SMAW
and electric arc spraying. Surf. Coat. Technol. 2009, vol. 203,
pp. 3638-3646.

Buchanan V.E., Shipway P.H., McCartney D. Microstructure and
abrasive wear behaviour of shielded metal arc welding hardfacings
used in the sugarcane industry. Wear. 2007, vol. 263. pp. 99-110.
Wang Q., Li X. Effects of Nb, V, and W on microstructure and abra-
sion resistance of Fe—Cr—C hardfacing alloys. Weld. J. 2010, vol. 89,
pp. 133-139.

Azimi G., Shamanian M. Effects of silicon content on the micro-
structure and corrosion behavior of Fe — Cr — C hardfacing alloys. J.
Alloys Compd. 2010, vol. 505, pp. 598-603.

Mendez P. Modern technologies for the deposition of wear-resistant
overlays. In: Weld overlay for wear protection. Edmonton: Canadian
Welding Association, 2013.

Gusev AL, Kibko N.V.; Kozyrev N.A., Popova M.V., Osetkovs-
ky I.V. A study on the properties of the deposited metal by flux cored
wires 40GMFR and 40Kh3G2MF. IOP Conf. Series: Materials Sci-
ence and Engineering. 2016, vol. 150, pp. 12-33.

Kozyrev N.A., Galevsky G.V., Kryukov R.E., Titov D.A., Shuru-
pov V.M. New materials for welding and surfacing. IOP Conf. Se-
ries: Materials Science and Engineering, 2016, vol. 150, pp. 12-31.
Kozyrev N.A., Galevsky G.V., Titov D.A., Kolmogorov D.E., Gu-
sarov D.E. On quality of a weld bead using power wire 35V9Kh3SF.
1OP Conference Series: Materials Science and Engineering, 2016,
vol. 125, pp. 1-8: All-Russian Scientific and Practical Conference
on Materials Treatment: Current Problems and Solutions, 26-28
November 2015, Yurga, Russia.



DU3UKO-XUMUYECKUE OCHOBBI METAJIJIYPTUYECKUX IPOILECCOB

18.

19.

20.

21.

22.

23.

24.

Samsonov G.V., Vinnitskii .M. Tugoplavkie soedineniya [High
melting compounds]. Moscow: Metallurgiya, 1976, 560 p. (In
Russ.).

Patsekin V.P., Rakhimov K.Z. Proizvodstvo poroshkovoi provoloki
[FCW production]. Moscow: Metallurgiya, 1979, 80 p. (In Russ.).
Tekhnologiya elektricheskoi svarki metallov i splavov plavileniem
[Technology of metal electrical welding]. Paton B.E. ed. Moscow:
Metallurgiya, 1974, 768 p. (In Russ.).

Kozyrev N.A., Bendre Yu.V., Goryushkin V.F., Shurupov V.M., Ko-
zyreva O.E. Thermodynamics of WO, reduction by carbon. Vestnik
SibGIU. 2016, no. 2 (16), pp. 15-18. (In Russ.).

Hansen M., Anderko K. Constitution of binary alloys. 2nd ed. New
York: McGraw Hill, 1958. 1287 p.

Termodinamicheskie svoistva individual nykh veshchestv. Sprav-
ochnik. T. 1. Kn. I [Thermodynamic conditions of individual sub-
stances. Reference book. Vol.1. Book 1]. Glushko V.P., Gurvich L.V.
etc. eds. Moscow: Nauka, 1978, 22 p. (In Russ.).

NIST-JANAF Thermochemical Tables 1985. Version 1.0 [Electronic
resource]: Available at URL: http://kinetics.nist.gov/janaf

25.

26.

Barin I., Knacke O., Kubaschewski O. Thermochemical Properties
of Inorganic Substances. Berlin: Springer-Verlag, 1977.

Ruzinov L.P., Gulyanitskii B.S. Ravnovesnye prevrashcheniya
metallurgicheskikh reaktsii [Equilibrium transformations in metal-
lurgical reactions]. Moscow: Metallurgiya, 1975, 416 p. (In Russ.).

Information about the authors:

Yu.V. Bendre, Cand. Sci. (Ch.), Assist. Professor of the Chair of Scien-
ce named after V.M. Finkel (bendre@list.ru)

V.E Goryushkin, Dr. Sci. (Ch.), Professor of the Chair of Science
named after V.M. Finkel (koax@sibsiu.ru)

R.E. Kryukov, Cand. Sci. (Eng.), Senior Lecturer of the Chair “Ma-
terials, Foundry and Welding Production” (rek_nzrmk@mail.ru)
N.A. Kozyrev, Dr. Sci. (Eng.), Head of the Chair “Materials, Foundry
and Welding Production” (kozyrev_na@mtsp.sibsiu.ru)

V.M. Shurupov, Postgraduate of the Chair “Materials, Foundry and
Welding Production” (grand1966@yandex. ru)

Received December 27, 2016

485



