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TEPMOAWHAMMWYECKOE ONMUCAHUE CUCTEMbI Cu,0-SiO,
E.A. Tpogpumos, I'.I'. Muxaiinos, B.M. )XuxapeB

THERMODYNAMIC ANALYSIS OF THE Cu,0-SiO, SYSTEM
E.A Trofimov, G.G. Mikhailov, V.M. Zhikharev

IlocpencTBoM TepMOAMHAMMUYECKUX PACUYETOB MOCTPOEHBI HECKOJIbKO BapHaHTOB (a-
30BbIx auarpamm cuctembl Cu,0-SiO,, KoTopble MOIyT OBITh MCMONB30BaHbI AJIS1 aHAIU-
32 MMEIOILUXCS JINTEPATypHBIX JaHHBIX. Pe3yabraThl pacu€Ta CONOCTAaBICHBI C SKCIEPU-

MCHTAaJIbHbIMU JaHHBIMHU.

Karouesoie cnosa: duaepamma cocmosinus, okcud medu, OKCcuod KpemHusl, mepmoouHamuye-

cKue pacuémol.

Using the thermodynamic calculations, several variants of the phase diagrams of the
Cu,0-Si0, system were plotted. The diagrams plotted can be used for analysis of available
literary data. The results of the calculations can be correlated with the experimental data.

Keywords: phase diagram, copper oxide, silicon oxide, thermodynamic calculations.

Cucrema Cu,0-SiO, gBngercs OCHOBOM Mege-
pacUHUPOBOYHBIX IITaKoB. HecMoTpst Ha To, 4TO mo-
MBITKY TEPMOAMHAMMUYECKOTO OMUCAHUSI ITOM CuCTe-
MbI TIPEANTPUHUMATIUCh HEOTHOKPATHO, YIOBIETBOPH-
TeJbHOU Momenu (a30BbIX pPaBHOBECHUIi, peaau3ylo-
muxca B cucreme Cu,0-SiO,, omnmchiBamouiei co-
CTOSIHME CHUCTEMbl B IIIMPOKOM WHTEpBaje TeMIeparyp
Y KOHILIEHTpalWii, 10 CUX TOP He CO3AaHO.

Hacrosimiast pabota mocBsiieHa M3YYEHUIO BO3-
MOXHOCTEW TepPMOIMHAMMYECKOTO OINMUCAHUSI CHUCTe-
Mbl Cu,0-SiO, npu Ttemmneparypax Bbime 1000 °C
MOCPENCTBOM PA3IMYHBIX MOJEIBHBIX TEOPUI CTpoOe-
HUSI 1IIJJAKOBBIX pacIuiaBoB. B xome paboThl mpennpui-
HSTa TIOMBITKA pacy€Ta OuarpaMMbl COCTOSTHUS OU-
HapHoil cuctembl Cu,0-Si0,, onupasdch Ha pa3nud-
HbIe MOJIEJbHEBIC mpenacTaBiieHus. [msa pacuéra mua-
rpaMM HCIOJb30BAIMCh 3HAYEHMS] TepMOIMHAMMYE-
CKUX (DYHKIIMIA TJIaBJIeHUS WHIMBUAYATbHBIX BEIIECTB
(Tabn. 1), 3aumMcTBOBaHHbIe M3 cripaBouHuKa [1]. st
moabopa MOJETbHBIX IMapaMeTpoB M OLEHKH TOCTO-
BEPHOCTU pE3yJIbTaTOB pacuyéTa B pabOTE MCMOJIb30-
BaHbI TaHHBIE CIIPaBOYHMKA [2].

Tabnuua 1
TepMoaMHaMuyecKkne XxapakrepucTuku
nnaereHus OKCUAoB

OHTanbNUs Temnepatypa
BeHleCTBO IJ1aBJICHMA, TJIaBJICHUA,

AH,, ITx/MoItb T, °C
Cu.0, 64300 1242
KyIpUT
5105, 9002 1680
TPUAUMHUT
Si0,, 7704 1720
KpUCTOOAIUT

B xome paboThl M3ydyeHbl BO3MOXKHOCTU MCIIOIb30-
BaHMSI HEKOTOPBIX HauOojee pachpOCTPaHEHHBIX IOIXO-
noB. Pe3ynbraThl pacu€ToB MpeacTaBieHbl Ha puc. 1 u 2.

B xome pacu€ta mo TeopuM COBEpPIIEHHBIX MOH-
HBIX pacIulaBOB CYUTAJIOCh, YTO PAcCIJiaB COCTOUT U3
WOHOB: TOJOXUTEAbHBIX - Cu' UM OTPULATENBbHBIX -
0% u Si0 ", VIHTepecHO OTMETUTB, YTO pacyeT, Ipo-
BEACHHBIN MCXOMS W3 TIPEINOJOXEHUs, YTO pacrliaB
cocrout u3 monos Cu’, Si'*" m O”", mpuBoIUT K cite-
NYIOIIMM KOOpAMHATaM TOYKHW 3BTeKTUKU: 1= 793 °C,
65,9 mon. % SiQ,.
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Puc. 1. OKpecTHOCTM TOYKM IBTEKTMKM Ha Auarpamme
cocTtosiHusA cuctembl Cu,0-SiO,: 1 — pe3ynbTaTbl pacué-
Ta NO TeOpUM COBEPLIEHHLIX WOHHBLIX pacnnasoB; 2 —
pe3synbTaThbl pacuyéta no Teopuu a3 c KONMNEeKTUBHOWN
CUCTEMOW 3EeKTPOHOB; 3 — pe3ynbTaThl pacyéra no Teo-
pun cybperynsipHbiX MOHHbIX pacnnaBoB; 4 — pacyér
nocpeAcTtBoM ypaBHeHun Maprynuca, npoBeAéHHbLIN
aBTOpamu pabothl [6]; 5 — pac4éT nocpeACTBOM ypaBHe-
HuM Maprynuca, npoBeAéHHbLIA aBTOpPaMM HacToseNn
paboTbl; 6 — faHHbIe 3KCNepuUMEHTaribHOro uccriegoBa-
HUSA, NpuBeAEHHLIE B CNpaBoOYHUKe [2]
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Puc. 2. [Ouarpamma coctosiHua cucteMbl Cu,0-SiO;:
1 — pesynbTathl pacuyérta no Teopuu cyoperynspHbIx
MOHHBLIX pacnnaBoB; 2 — pacyéT NOCPeACTBOM ypaBHe-
HuMM Maprynuca, npoBeA&HHbIN aBTOpaMu HacTosien
paboTbl; 3 — AaHHble 3KCNepUMEeHTanbHOro uccrenoBsa-
HUA, NpuBeAEHHbIE B cnpaBoyHuKe [2]

Ipu ucnons30BaHUU NPUONIDKEHUS Teopuu ¢a3
C KOJUIGKTHBHOU cucTeMoH 31ekTpoHoB (A.I'. TloHo-
MapeHKO), aKTUBHOCTH OKCHIOB MEAU U KpEeMHHA B
pacIuiaBe pacCUMTHIBAIUCH 0 hopMyam:

_ 2 _ 2
Acu,0 = dcy "90 5 Gsio, = 4si Ao
e ac,> as;> Ao — ATOMHBIE aKTUBHOCTH COOTBETCT-

BYIOIUX 3JIEMEHTOB B IIJIAKe, KOTOPbIE pacCUUTHIBA-
torcs o teopud A.I'. TIoHOMapeHKoO clemyromuM
obpazom:
a=C;-¥;,
-1

[
= RT
¥, =| D Ce ,
=

1 ]
g =0,5(x,-2—x,/2)2,

rae C, C;— aTOMHBIE JIOJIH JJIEMEHTOB B IIUIAKe, R — yHU-
BepcaibHas razoBas nocrosHHad (R = 0,00831 x/hx/Mois),
T — temmeparypa (K), ¥, X, — dHepreTudeckue napa-
METpBI 3JIEMEHTOB, U3 KOTOPHIX 00pa3yeTcsl pacIlias.
B Ttabu. 2 mpexactaBieHbl 3HAU€HUS [ApaMeTpoB, pe-
KOMEHJIOBaHHBIE aBTOPOM TeopHHu B pabote [3] u uc-
N0JIB30BaHHBIE B XOJe Hamero pacyéra. Hekotopoe
H3MEHeHNe 3HaueHMil ITapaMeTpoB IIOMOraeT JOOUThb-
cst GONBIIETO COBMAJEHUS PpE3yJNbTaTOB pacuéra c
JKCIIepUMEHTATbHBIMU JAaHHBIMM, OJHAKO, B JIHOOOM
cllydyae TPMMEHEHHE 3TOT0 IIOIXOJa HEe IO3BOJAET
pacCUMTHIBATH KOOPAMHATBHI KyIOJla pacclauBaHUs,
HaJM4Ihe KOTOPOrO XapaKTepHO WA M3y4aeMOH cuc-

TEMBI.
Tabnuua 2
MapameTpbl TeOpuK cTpoeHus as
C KONMeKTUBHOW CUCTEMOMN 3reKTPOHOB

DJIEMEHT i Cu O Si
x; 1o [3], xIx/mMonb 418 1255 172

B COOTBETCTBUH C HCIIOJIb30BaHHBIM TPHOJIVIKE-
HHEM TEOPHMU CYOpPEeryJsipHbIX MOHHBIX pPacILIaBOB

AKTUBHOCTH KOMIIOHEHTOB OKCHIHOTO pacrijlaBa MOX-
HO BBIYHCIIHTH 0 (opMyiaMm clienyroiero suaa [4]:

lg a; = v 1gx +V1[3X12x§ O +

+x1x§ (2-3x)Quxn +x; (1=3x)) Q122)/2,3RT,

Iga;= vy lgx; +v [xf (I =3%)0m12 +

+ X7 %22 = 3%2)011z + 3% x5 Q102)/2,3RT,
rZie V; — 9UCIIO0 KaTHOHOB, KOTOpBIE 00pa3yloTcs Mpu
JMCCOLIMAIINN MOJIEKYJIBI KOMITOHEHTa IIIaKa, YUCIIO
KaTHOHOB B MOJIEKYJIe KOMITIOHeHTa uaka (i Cu,O
v=2, mia SiO, v=1), x; 4 X, — KaTHOHHBIE IOJHU
nonoB Cu’ u Si*', a Q — sHepreTuyeckue napameTpsl
TEOpHH.

OmnpenenéHHbIN B X01€ paboThl HabOp 3HAYEHMIA
napaMeTpoB: Q12 —38 100 [x/Monb, Qi =
=318 000 Ixx/Mo1b, Q122 =59 300 JIx/MoJI5.

CornacHo MOAXOIy, CBA3aHHOMY C HCIIOJIb30Ba-
HUEM MOAM(UIMPOBAaHHBIX ypaBHEHWiI Mapryiuca
TpeTbero mopsiaka [5], ko3hduIMeHTH! aKTHBHOCTH
KOMIIOHEHTOB pacCYMTHIBAIOTCA IO (opMysaMm clie-
IYIOUIEro BU/A:

n n n
Iny, = O’SZ(WU +Wji)xj _O’SZijpxjxp +
= ) J=1p=1

n n n :
2
(w3, (3 123 )+ 20 3wy —wy ),
J=1 J=1p=1
rae Y, — K03 QUIUEHT aKTUBHOCTH i-T'0 KOMIIOHEHTa,
X — MOJIbHBIE JI0JIM KOMIIOHEHTOB B PacTBOPE, Wy —
rapamMeTpsl B3aUMOJEHCTBYA, 3aBUCSIIUE OT TEMIIe-
patypsl:

w; =c¢; /T+d.

OtmeruM, 9TO B paboTe [6] clenaHa MOIBITKA
HCTIONIb30BaHMs ypaBHeHU Maprymuca mns pacuéra
nuarpamMmsl coctossHus cucteMsl Cu,O—SiO,. OnHako
3HAa4YeHUs, TPeICTaBICHHbIE B TaOJ. 3, Mo Hamemy

MHEHHIO, [T03BOJIAIOT JIy4Ille ONMUCHIBATh SKCIEPUMEH-
TaJlbHBIE NaHHBIE, IPUBEAEHHBIE B CIIpaBOYHAKE [2].

Tabnuua 3
MapameTpbl B3auMoaencTBus Ans pacyéra
no ypaBHeHusim Maprynuca

i c d
Cu,0-SiO, 55672 —27,06
Si0,~Cu,0 25 445 23,52

Pabora npoBeneHa nmo HayuHoil mporpamme De-
JIepajbHOTO areHTCTBa Mo obpasoBaHUlo — «Pa3BuTue
Hay4yHOTo mnoTeHuuana Bbiciiei wkoubl (2009-2010
TO/BI)», KO MpoekTa - 375 u nipu nomgaepxkxke PODU,
rpadT Ne07-08-00365.
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