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B cratbe paccMaTpuBaeTCsl BO3MOXKHOCTb CYIIECTBOBAHUS TPOMHOIO COCIMHEHMS
BaAlFe,,0,, B cucreme BaO—Al,O;—Fe,0; ¢ 1ienblo BbISIBAEHUSI 00JacTeil COCTaBOB,
MPUTOAHBIX JUISL MOJYYEHUsI CICLMAIbHBIX BSDKYILMX MaTepuaioB. PaccuuTaHbl TepMoO-
JUHAMUYECKME KOHCTAHTBI JJIsl JAHHOTO coenuHeHUs. [1oydeHHbIe pe3ysIbTaThl TEPMO-
JUHAMUYECKUX U DKCIIEPUMEHTAIBHBIX MCCIICIOBAHMI TTO3BOJISIIOT C/IEIaTh BBIBOI O BO3-
MOKHOCTH CYLIECTBOBaHMSI TAHHOTO TPOWHOIO COENMHEHUSI B YKa3aHHOM CHCTeMe.

PazBuTHe pasamaHBIX OTpacieil mMpOMBIIUICH-
HOCTH TpeOyeT pa3pabOTKM HOBBIX 3allIMTHBIX Ma-
TEPUAJIOB C KOMIUIEKCOM 3aIaHHBIX 2KCIUTyaTalli-
OHHBIX XapakTepncTrK. C 3TOM TOUKM 3peHUS TIpei-
CTaBJIIeT MHTEpPEC TPEXKOMITOHEHTHasl CHUCTeMa
BaO—Al,0,—Fe,0,, Bxovatoniasi B cedsi ruapas-
JIMYECKN aKTWBHBIE COCTUHEHUsI, a TaKKe COEIM-
HEHUsI C BBICOKOW CTETeHBIO 3alllMTHl OT M3JTydJe-
Huit. Panee mpoBeneHHbIe mccaenoBanusa [1,2] ¢
TIOMOIIBIO TePMOAMHAMUYECKOTO aHaIM3a IT03BO-
JIUJTA TIPOM3BECTH TPUAHTYIAIINIO TaHHOW CHUCTe-
MBI TIpM TIpEIIoJlaraeMoil TeMmIlepaTtype CHHTe3a
1300°C. B cucteme He paccMaTpUBalIOCh HaIMUINE
TPEXKOMITOHEHTHBIX coennHeHnit. C 3TOM 1IeJIbio B
00J1acTh CUCTeMbI, orpaHuueHHoM (azamu BaAl,O,,
AlL,O,, Fe,O; u BaFe,0,y, Obuin npoBeaeHbl A0-
TIOJTHUTENIbHBIE TePMOAUNHAMWUYECKNE W 3KCITepH-
MEHTaJIbHBIE MCCIIeIOBAaHNE C YIETOM BO3MOXKHOTO
00pa3oBaHusI TPOWHBIX COENUMHEHUI W KOPPEKTH-
POBKM CTPOCHUST TAaHHON CHCTEMBEL.

ABtopamu [3] ObLIO MCCIEI0BaHO CYILECTBO-
BaHMe TpoliHoro coeauHeHus Ba,AlFeO; B naHHoOi1
cucteme 1o aHajoruu ¢ coenrHeHueM Ca,AlFeO;
B cucreMe CaO—AlL,O,—Fe,0;. [TonyyeHHbIE pe3yJib-
TaThl MCCIEAOBAHUI OIPOBEPIIIN CYIIIECTBOBAHME
coenuHeHus Ba,AlFeOs B cucreme BaO—AlLO;—
Fe,O,, uto cornacyercst ¢ JaHHBIMU APYTUX UCCTIe-
nmoBatenein [4].

B pabote [5] coobmiaercst o cyliecTBOBaHUM
coenuHeHust BaAlFe, O,y, MOJy4eHHOrO U3 CMeECU
ucxoaHbIX KoMnoHeHToB (Ba(NO,),, Fe(NO;);119H,0,
Al(NO,);[19H,0) MeToa0M OCaKaeHMs 13 pacTBOpa.
HdaHHoe coeaMHeHNEe MMeeT M-THITa TeKcaroHaab-
HYIO CTPYKTYpYy C TlapaMeTpaMd KpHUCTaJUTMIECKOM
pewmetku: a,=3,871 A, ¢,=3,190 A, omHako B uTe-
paType OTCYTCTBYIOT €r0 TePMOAMHAMHUYECKHE Xa-
pakTeprucTUKU. [losTOMy, IIeTbI0 JAaHHOTO MCCIIe-
JMOBaHMS SIBUJIACh TEPMOIMHAMUYECKasT OIleHKA Be-
pPOATHOCTH OOpa30BaHUS TPOMNHOTO COCTMHEHUS
BaAlFe,,O,, B cucreme BaO—Al,O,—Fe,0;, a Tak-
K€ TIPEATIPUHSTA TIOTBITKA €r0 CHHTE3a.

ITockonbKy B JuTepaType I yKa3aHHOTO
TPOHOTO COeNMHEHNST HaMM He OOHApYKEeHBI Tep-
MOIVMHAMWYEeCKHe TaHHBIe, HEOOXOIMMO pacCUNTATh
BCe MCXOIHBIC KOHCTAHTHI. [T pacueTa cTaHmapT-
HO# SHTANBNMUA 00pa3oBaHUSI JAHHOTO COEIMHE-
HUS TIPUMEHSIach METOIMKA, M3JI0KeHHasT B pabo-
Te [6]. 3HAUEeHMe CTAHOAPTHOI DHTANBIIMU 00pa30-
BaHMs1 TpoliHoro coenuHeHust BaAlFe,, 0,y u3 npo-
CTBIX OKCHUIIOB COCTaBJISIET

AH',0=—17502,72 JI/MOJIb.
Pac‘{eT CTaHI[apTHOﬁ OHTPOIIMN TPEXKOMIIO-

HEHTHOTO COEOWHEHUs TPOM3BOIMIICS COTJIACHO
meronuku JIx Byma u JI. ®peiizepa |7]. [TomyueH-
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Tabnuua 1
HcxonHple TepMOAMHAMUYECKHE KOHCTAHTBI
~AH', —AG 5, %508, C.=£(T), Ix/(monb-K
Coenurenne KI[)K/M(Q)EJ;'IB KI[)K/M(g)?IL JUx/(momb-K) a i )b)f[103( —c‘.310’5 Heroumik

a-BaCO, 1218,80 1138,89 112,13 86,96 48,99 11,97 [9]
B-BaCO4 - - - 154,91 — — [9]
y-BaCO, - - - 163,29 — — [9]
BaO 558,15 528,44 70,29 53,30 4,35 8,30 [9]
CO, 393,51 394,38 213,94 44,14 9,04 8,54 [9]
1-ALO; 1637,20 1541,39 52,51 68,49 46,44 - [9]
a-AlLO; 1675,61 1582,33 50,92 114,77 12,80 35,44 [9]

821,36 739,61 89,96 98,28 77,82 14,85
Fe,04 150,62 [9]

132,63

BaAl;;0y 10740,33 10151,81 376,56 738,22 70,50 221,75 [10]
BaFe ;09 5886,09 — 609,19 695,79 154,60 — [10]
BaAlFe; ;09 17502,72 — 1182,90 328,89 95,48 — [p]

[pumeuanue: [p] — paccunTaHHBIC TePMOTUHAMUYECKUE KOHCTAHTBI

HOE 3HaYeHUe CTaHAAPTHON SHTPONMUU COSTUHEHMS
BaAlFe,,0,, coctapisieT AS%,=1182,9 JIxx/(Mob-K).

ITo metony Jlanaust H.A. [8] Obl1u paccumuTa-
Hbl KOO GUIIMEHTHI YPaBHEHUST 3aBUCUMOCTU Tell-
JIOEMKOCTU OT TeMIlepaTypbl Kak s (eppomar-
HUTHBIX CJOXHBIX KUCJIOPOAHBIX COCAMHEHUIA.
[TockonbKy Temmeparypa IUIaBAE€HMSI COESAVMHEHUS
BaAlFe, O,y He M3BecTHa, MOATOMY MJIs1 BBIMOJIHE-
HUST pacueta ObuTa TIpuHSTa TeMmepatypa 1000°C,
yKazaHHas B pabote [5].

B pesynbTate mpoBeOeHHBIX PAacyeTOB BbIBE-
JIEHO YpaBHEHME 3aBMCUMOCTHU TEIIOEMKOCTU OT
TeMIIepaTypbl, KOTOPOE MMEET CJICAYIOUIUI BUI:

C,=328,89+95,48-107-T.

I'padryecky 3aBUCUMOCTb TEIUIOEMKOCTH OT
TeMIIEpaTyphbl IIPeACTaBieHa Ha puc. 1.
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Puc. 1. 3aBucumocts TeroeMkoctu coequHeHusi BaAlFe,; 0,y

2) peakiysi 00pa30BaHUs IBOMHBIX COEIMHE-
Huit BaAl,O,, u BaFe,,0,, BMECTO TpeXKOMMOHEH-
THOTO M3 TEX K€ ChIPhEBBIX MaTepUAJIOB:

2BaCO,+Al,0,+11Fe,0,=1/6-Ba0-6AL,0,+
+11/6-Ba0-6Fe,0,+2CO,T;

3) peakuusi oOpa3oBaHUsT TPOMHOTO COeIMHE-
Hus BaAlFe, 0,y u3 OMHapHBIX COEAMHEHMU I
BaAl,;,0,, 1 BaFe,,0,,:
1/6-Ba0-6Al,0,+11/6-Ba0-6Fe,0,=
=2BaOA1203 1 1F6203.

HcxonHble TepMoaMHAMUYECKHe JaHHbIE IS
pacueta cBOOOmHON sHepruu I'mbOca mpeacTaBiie-
HbI B TaOm. 1.

TepmoauHamMmuyeckue pacuyeTbl CBOOOIHOM
sHeprum ['mbOca mist ucciaenyeMbIX peakiuili Impo-
BOAMJIMCH B TeMmIlepaTypHoM HHTepBajie 900—
1600 K cornmacHo U3BECTHOM METOAMKH [9], pe3yiib-
TaTbl KOTOPBIX IpeacTaBieHbl B Tadu. 2. I'padu-
YyecKasl 3aBUCMMOCTb pacCYMTaHHOW dHeprun [1o6-
Oca oT TemIlepaTypbl MpeacTapieHa Ha puc. 2.

Tabauua 2

3navyenus usmenenns AG=£(T)

OT TeMIIepaTypbl Temmneparypa, AG={(T), k/lx/monb 'K

" K peakiys 1 | peakumsa 2 | peaknus 3

B xome mpoBeaeHus TepMOAMHAMUYECKON 900 492190 | —461.98 44592
OLIEHKU BEPOSITHOCTU 00pa30BaHUsI TPEXKOMITOHEH- 1000 T 00’ e _479’03 0 21’ 24
THoro coeauHeHus BaAlFe, O, B cucreme 1100 —4665’70 _495’45 _4170’21
BaO—Al,0,—Fe,0, 0b1J10 pacCMOTPEHO MTpOTeKaHUE 1200 ") 518’83 = 1’ 3 20 07’21
CJIEAYIOLINX BO3MOXHBIX TBepAOda3HbIX peaKiIvii: 1300 T 60:8 6 _527: 50 3 833:27
1) pealéum{ obpaszoBaHusi BaAlFe, O,y u3 yr- 1400 419267 | —543.59 3649.08
nlellin'cnoro apus, IJIMHO3eMa UM OKCHIa Xeje3a 1500 201498 | 539.77 345521
(ID): 1600 —3828,45 —576,21 —3252,23

2BaCO;+ALO,+11Fe,0,=2Ba0-ALO; 1 1Fe,0,+2CO,T;
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Puc. 2. 3aBucumocTh cBOOOIHOI 3Heprun [mb6ca oT Temre-
patypbl: 1 — peakuust 1; 2 — peakuus 2; 3 — peakuus 3

AHaIN3 pe3yJIbTaTOB pacyeTa CBOOOIHON SHEP-
run ['mbbca mccnemyeMbIx peakiidii yKa3blBaeT Ha
TEPMOIMHAMUYECKYIO TPEANOYTUTEILHOCTh 00pa-
30BaHus TpoitHoro coeauHenus: BaAlFe, O,y Kak u3
CBhIPHEBBIX KOMIIOHEHTOB (peakuus 1), Tak U u3
OuHapHbIX coenuHeHuit BaAl,,0,, u BaFe,0,, (pe-
akuust 3).

151 9KCnepuMeHTaIbHO MPOBEPKU BO3MOXK-
HOCTU CYILIECTBOBAHMUS TPOMHOIO COEIUHEHMS
BaAlFe,,O,, Obla npeanpuHsITa MOMbITKa €ro CUH-
T€3a U3 XMMUYECKM YUCThIX KOMMOHEHTOB: BaCO;,
AlL,O; u Fe,0,. CbipbeBble KOMIIOHEHTHI, B3SIThie B
3aJaHHOM CTEXMOMETPUYECKOM COOTHOLLIEHUH, MO/~
BEPrajlich «MOKPOMY» ITOMOJIY (BlIaxHocTh 50%) B
1IapOBOI MeJIbHULIE ¢ TIoceayollei cyikoii. O0-
KAT Tipou3Boauiics npu temrepatype 1200°C ¢ pes-
KUM oxjaaxneHueM. [lomydyeHHble mocie oOxkura
00pa3Iiibl UCCAETOBAINCH C TIOMOIIBIO peHTTeHOoMba-
30BOTO aHajIu3a.

IIpencraBieHHble HA PUC. 3 Pe3yabTaThl peH-
TreHo(a30BOro aHajn3a o0pa3LOB CBUAETEIbCTBY-
I0T O TOM, YTO OCHOBHBIMM MPOAYKTaMM OOKHWTa
SBJSIOTCS TPEXKOMMNOHEHTHOE COEeIMHEHHUE
BaAlFe,, O,y u rekcadeppur 6apus BaFe,0,.
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Puc. 3. Lltpux-peHTreHorpaMmMa crieka, 000XKeHHOTO TP
T=1200°C: A — BaAlFe,,0,y; ® — BaFe,0,

PesynbraThl MpoBeaeHHOTO KOMILIEKCa Teope-
TUYECKMX M IKCIEPUMEHTAJIbHBIX MCCIeIOBaHUI
MO3BOJIIOT YTBEPXKIaTh, YTo B cucteMe BaO—AlLO,—
Fe,O, mpucyrcTByeT TpoliHOE cOeIMHEHME
BaAlFe,,0,y, 4TO moaTBEepXKIAETCSI APYTUMM UCCIIe-
JoBaHusIMU [5]. OgHAKoO, ¢ Halllel TOYKU 3pEHMSI
JaHHOE TPOiHOEe coeluHEHWE MeTacTaOMJIbHOE,
BEpOSTHOE 0Opa3oBaHUE psiia TBEPAbIX PACTBOPOB.
st TOro 4yTtoObl YCTAHOBUTH TeMITEpPATypHbIN WMH-

TepBaJl CYLIECTBOBAHUS TPOMHOTO COEAMHEHUS
BaAlFe,, O,y motpebyeTcsi npoBeaeHUE OOIMOTHM-
TEJbHBIX DKCIEPUMEHTATbHbBIX MCCAeIOBaHUI.
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THEORETICAL AND EXPERIMENTAL RESEARCH OF
THE POSSIBILITY OF BAALFE,,0,, TRIPLE COMPOUND
EXISTENCE IN BAO-AL,0,—FE,0, SYSTEM

G.N. Shabanova ¢, M.Y. Ivashchenko *, M.I. Vorozhbiian *,
0.V. Kostyrkin *, N.S. Tsapko *

* National Technical University Kharkov Polytechnic Institute,
Kharkov, Ukraine

b Ukrainian State Academy of Railway Transport, Kharkov,
Ukraine

Three component system BaO—Al,O;—Fe,0; has been
considered in this work with the aim to determine the possibility of
BaAlFe,,0,, triple compound existence. Thermodynamic researches
have been held with the use of modern methods. The value of standard
enthalpy of the formation of a triple compound from simple oxides
(AH) has been calculated. The value of standard entropy (AS5s)
of the given triple compound has been calculated according to
G. Wood and L. Fraser method. The coefficients of dependence of
thermal capacity on temperature have been calculated according to
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Landia L.A. method as in the case with ferromagnetic complex
compound. The behavior of possible three-phase reactions of the
given triple compound has been simulated in this work.
Thermodynamic preference of triple compound formation from
(BaCO;, Al,O; u Fe,0;) raw components has been determined. The
existence of BaAlFe,; 0,, triple compound has been determined
experimentally by means of three-phase synthesis method and it is
proved by X-ray phase analysis. The existence of BaAlFe, O,
metastable compound in BaO—Al,0;—Fe,0; system near BaAl,;,0,,—
BaFe,0,, konode in the form of a number of solid solutions has
been determined on the basis of the analysis of thermodynamic and
experimental results.

Keywords: barium aluminaferrite; enthalpy; entropy; Gibbs
free energy.

REFERENCES

1. Shabanova G.N., Logvinkov S.M., Ivashenko M.Y.,
Kostyrkin O.V. Termodinamicheskii analiz subsolidusnogo
stroeniya sistemy BaO—Al,O,—Fe,0; [Thermodynamic analysis
of subsolidus construction of BaO—Al,0;—Fe,0; system].
Ogneupory i tekhnicheskaya keramika, 2011, vol. 9, pp. 16-20. (in
Russian).

2. Shabanova G.N., Ivashenko M.Y., Vorozchbiyan M.I.,
Kostyrkin O.V., Kiseleva S.A. Utochnenie subsolidusnogo
stroeniya sistemy BaO—Al,O;—Fe,0; [Specification of subsolidus
construction of BaO—AlL,0,—Fe,0; system|. Vestnik NTU “KhPI”,
2012, vol. 63(969), pp. 27-32. (in Russian).

3. Shabanova G.N., Taranenkova V.V., Bykanov S.N. K
voprosu o sushestvovanii troinogo soedineniya Ba,AlFeO; v sisteme
BaO—AlL,0O;—Fe,0; [About the existence of Ba,AlFeOys triple

compound in BaO—Al,0;—Fe,0; system]. Voprosy khimii i
khimicheskoi technologii, 2002, no. 1, pp. 60-63. (in Russian).

4. Kurdowski W. Fazy mineralne bogatej w bar czkibci
ukladu BaO—AlL,O;—Fe,0;. Cement-Wapno-Gips, 1973, vol. 11,
pp. 339-350.

5. Sung Yong An, Sang Won Lee, Dong Hyeok Choi.
High magnetic performance in Al-substituted BaFe,,0,, by a wet
chemical process. Phys. Stat. Sol. C, 2004, vol. 1, no. 12, pp.
3310-3314.

6. Taranenkova V.V. Metodika rozrakhunku standartnukh
entalpii utvorennya skladnykh kusnevukh neorganichnukh spoluk
[Method of calculation of standard enthalpies of complex oxide
inorganic compound formation]. Theses of L vivs’ki khimichni
chitannya. Ukraine, Lviv, 2011, p. 46. (in Ukrainian).

7. Vud D., Freizer L., Termodinamika dlya geologov
[Thermodynamics for geologists]. Moskow, 1981, 180 p. (in
Russian).

8. Landiya N.A., Raschet vysokotemperaturnykh teploemkostei
tverdykh neorganicheskikh veshestv po standartnoi entropii
[Calculation of high-temperature thermal capacities of solid
inorganic matters according to standard entropy|. Tbilisi, 1962.
223 p. (in Russian).

9. Babushkin V.I., Matveev G.V., Mchedlov-Petrosyan
O.P., Termodinamika silikatov |Thermodynamics of silicates].
Moscow, 1986. 408 p. (in Russian).

10. Shabanova G.N., Bariisoderzshashie oksidnye sistemy i
vyazshushie materialy na ikh osnove |Barium containing oxide
systems and based on them binding materials]. Monografiya,

Kharkov, 2006. 280p. (in Russian).

52 ISSN 0321-4095. Bonpocwt xumuu u xumuueckou mexuosoeuu, 2014, T. 2



