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NPUMEHEHUE TEOPUU MOHHbLIX PACTBOPOB KOXEYPOBA
K TPEXKOMIMOHEHTHbLIM PACTBOPAM HA OCHOBE BHOCTUTA

A.A. Jlbikacos

Ilpensioxken cyOperyasipuslit BApHaAHT TeOPHH HOHHBIX pacrsopoB Koxkeyposa, xo-
TOPLIA NO3BOAAET ONHCATH TEPMOANMHAMHUYECKHE CBOHCTBA TBEPAbLIX PACTBOPOB Ha
OCHOBE HECTEXHOMETPHYECKOr0 MOHOOKCHA JKefe3a (BIOCTHTHLIX PAcTBOPOB).

Jina onpenenenys KOHIEHTPAUMOHHOMH 3aBUCMMOCTH CBOOOAHOH 3HEPruy BIOCTHTHOTO PacTBOpA He-
MOJIL3YETCA KBA3HXUMHUECKOE NPUONMIKEHHE TEOPHH HOHHBIX PEryJSPHBIX PacTBOPOB, MPETOKEHHOH
B.A. Kosxeypoeem [1]. TIpuHumaeTcs, 4To OCHOBHOM NMPUYHHON OTKJIOHCHHS CBOMCTB PEbHBIX PaCcTBO-
POB OT 3aKOHOB COBEPLUEHHBLIX PAaCTBOPOB ABJIACTCS HEa/IMTUBHOCTL 3Heprud. OHa ofycioBnieHa, rias-
HbIM 00pa3oM, pa3iiHYHEM B XapaKTepe CBA3H Pa3sHbIX KATHOHOB ¢ aHHOHOM KHMCJIOpPOZA M YYUTBIBAETCS
B/IMSIHMEM COCTaBa KATHOHHOTO OKPY)KEHMs Ha SHEPrHIO CBs3W BLIOPAHHOrO KATHOHA C aHHOHOM KHCIIO-
poaa. B otnuuue ot pabor Koxeypoa yuursiBaercs JedeKTHOCTb pacTBOPa ¥ HCIIONb3YETCH APYroH BUI
KOHLIEHTPALMOHHOH 3aBUCHMOCTH 3HEPIHH CMEIIECHHA BIOCTHTA ¢ PACTBOPAEMBIM B HEM OKCHIOM.,

CTpyKTYpHBIMH €MHHULIAMH PacTBOpPa CHUTAIOTCS NMpPOCTeHINNe HOHBI. AHHOHBI KHMCIopoaa obpa-
3y10T Oe3edexTHYI0 pelleTKy I'PaHeleHTPUPOBAaHHOro Ky0a, B OKTadApHUYeCKHX MO3MLHMAX KOTOPOro
pacnoiararoTes KaTHOHBI. YacTh OKTadpUYECKHX MECT BaKaHTHAa. BakaHCHM BIMAIOT Ha COCTAB KaTH-
OHHOTO /104 Y, TAKUM 00pa3oM, Ha DHEPrUr0 KaTMOH-aHMOH-KATHOHHBIX CBs3eH, a TakkKe M3MEHSIOT
YKC/10 KATUOH-KATMOHHBIX CBA3eH B pacTBOpE U UX SHEPTHIO B3aMMOJEHCTBHS.

CocraB mob0oH AOCTaTOYHO MaJIOH 00MacTH pacTBOpa CYMTAETCA PABHBIM COCTABY pacTBOpA B Lig-
noM, T.€. KOH(UIrypalMOHHAs SHTPOITUs pacTBOpa ONPEIENIeTCs YUCIOM COCO0O0B, KOTOPHIMH MOTYT
ObiThL pasMelleHbl KaTUOHB! CPeu aHHOHOB kuciopoaa. [Ipu 3ToM nosaraercs, YTO HOHEI JXKeJjle3a B pac-
TOpE Hepaznuuumel [2]. Takum oOpa3zom, B ABHOM BHIE ONMKHHH NOPANOK B PACTIONOKEHUH KATHOHOB
HrHOPHPYETCs, OFIHAKO OIOCPEACTBOBAHHO OH YUYHMTHIBAETCS NOAOOPOM TAaKMX 3HA4YEHWI 3HepreTHye-
CKUX TTapaMeTpoB, KOTOPble 00ECTIeYUBAIOT aAeKBATHOCTE TEOPHH M ONBITA.

HepaznuunuMocTb HOHOB 2Kene3a B PacTBOPE ABJAETCA CINEACTBHEM BHPTYaJbHOTO 3EKTPOHHOIO
o6MeHa MeXIy pa3HOBaJIEHTHbIMU MOHaMu »kesie3a. [lo MexaHusmy, npemioxkeHHOMY MuxainoBeiM u
KokeypoBbiM [3], 37eKTpOHHBIH 0OMeH BO3ZMOXKEH Uepe3 2p-30Hy KUCJIOpoJa H, TaKUM 00pa3oM, B HeM
yuyaCTBYIOT He TONbKO OmMkalilliie aTOMBI skenle3a. B aToM cmydae sHeprus o6MeHa JOmxHa OBITE NIPO-
nopuyoHansHa unciam atomos Fe'™? u Fe®, T.e. npoussenenmio uonneix none#t Fe'? u Fe™ B cMecu
aTOMOB KeJe3a,

B03MOXHOCTE 3MEKTPOHHOrO 0OMEHA MEXTy Pa3HOBAJIEHTHHIMH MOHAMH JKene3a B MHOTOKOMIIO-
HEHTHBIX pPacTBOpax, COASPMALHUX BIOCTHUT, MOATBEPIKAACTCA HCCIIEJOBAHHAMH JICKTPUUECKHUX CBOMCTB
TBEPABIX PaCTBOPOB HAa OCHOBE BIOCTHTA [3]. DneKTpOHHBIH 0OMEH MeX/ly Pa3sHOBaJIEHTHBIMH MOHAMH
OJHOTO Y TOTO K€ JJIEMEHTAa B HECTEXHMOMETPHUSCKHX COCAMHEHHAX ABIACTCA OJHHM W3 OCHOBHEIX
¢akTopoB, CTAOWITH3HUPYIOINX A€DEKTHYIO CTPYKTYPY TAKHX COEIMHEHHH.

C no3uumii U3N0KEHHBIX TpeACTaBICHUH 3Heprus pacTBopa, 00pa3oBaHHOIO U3 BIOCTHTA H OKCHAA
Me,, O, cryiagbiBaeTCa U3 IHEPTrUM B3aHMOJIEHCTBHA KaTHOHOB ¢ aHHOHaMH (£,) ¥ 3HEPrHy B3auMOAeH-
cTBus KaToHoB (£;). Bynem cumtaTh, 4TO CHCTEMAa COCTOWT M3 HOHOB JKEJie3a CO CPEJHUM 3apAAOM Z,
KaTHOHOB Me ™" M aHMOHOB KucopoAa. Broctut momyuen us ny monedi FeO u n, Moteit Fe, O, Tak uto
CpEeAHUH 3apall HOHOB JXKeJle3a

z=2+x), €))

n,

r_ 2 y
rae x, =————— — HOHHasA AONA TPeXBaJeHTHOro skeiesa B GunapHol cucreme FeO-FeO3. Oxcun
n +2n,
Me,,O, B cucTeMe CONCPKUTCA B KONMUIECTRE 123 MOJICH.
Dueprus E, 3aBUCUT OT B3aMMHOTO BIIUAHUSA HOHOB >KeJie3a W MOHOB Me Ha DHEPTHIO MX CBA3H C
aHMOHAMU KUCJIOPOAA U B PacyeTe Ha | MONbL KAaTUOHOR
z ’ z
Eo =(x + x)E + x:E5 + (% +X%,)%,0;. (2)
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Xumus

3necw E — MosispHas dHeprys CBA3M HOHOB jKeJe3a ¢ KHCJIOPOXOM B YACTOM BIOCTHTE; E; — MoMnsApHas

3HEprus cBA3KM HOHOB Me' W xucnopoaa B uucToM okeuae Me, O, Qf3 — 9Heprus cMmeumenus Me,O, co
CMECHIO0 OKCHIOB Jkejie3a JaHHOrO COCTaBa B pacyere Ha 1 MONb; X, — KAaTHOHHAS 018 i-r0 KaTHOHA B
pacTeope (uHzeke "1" orHocutes k Fe™, "2" —x Fe™?, "3" — x Me™"™).

Jns 6unapHoii cucremel FeO-Fe, 04

Ef =x/E| + x,E) + xx;0,, (3)

rae Ef —sHeprua cBa3H xkene3a u kucnopoga B FeO; E' —oHeprus cBsA3M XKeJi€3a U KUCIOPOJa B MHIO-
TeTHueckoM (co crpykrypoil NaCl) Fe,O; B pacuere Ha 1 MOIb KaTHOHOB; (J); — 3HEPrus CMELIEHUs
3THUX OKCH/IOB.

[MoactaBnss 3HaueHue E n3 popmyiel (3) B ypaHeHuHe (2), noydaem
xXx

E=xI"+xE'+xE'+(x +x)xQ + 0. 4)
X

+X

Dueprus cmerieHus Oy 3aBHCHT OT CPEIHEro 3apsia HOHOB 3Kejle3a 2, T.€. OT COOTHOLIEHHS HOHOB

2 ~ 43 vy
Fe™ u Fe™ B pacteope. B paforax Koxxeypoea npu Onucanum CBONCTB PACIIABOB, COAEPIKALIMX OKCH-
ABl jxenesa, 61T NPHHATO, 4To O ABIACTCA aJJUTHBHON hyHKUHEeH sHepruit cMelneHns okcnaos FeO

u Me, O, (O;) u Fe,05 n Me,, O, (O,3). McnonszoBanue 3Toro npubIimkeHus 11 TBEPABIX PacTBOPOB
0Ka3aJ10Ch HEYJOBIETBOPUTENILHBIM, U Mbl YUITH OTKJIOHEHUE OT aJJUTUBHOCTH B (hOpMe CleqyIollero

VYpaBHEHUs:

2
z 1\2 X
Q13=b0+b2(x2) =8, +b, 2 )

X+ X
DHeprus KaTHOH-KaTMOHHOTO B3auMopeicTBHA £, onpefensiercd Yucaom nap Onmxaiimmux KaTHOH-
HBIX cocesiedl M1 MOXKET OBITh BhIpaXkeHa (popMyJsioH

2 2
X +Xx X. X (X +X
x1+§x2 +;x3 x1+5x2 +;n—x3 x1+~2—x2 +;x3

rae F)) — sHeprus B3aUMOJEHCTBUS aTOMOB efle3a; £y — 9Heprus B3auMoneicTsHs atoMos Me; Ky —
3HEPrus B3aUMOAEHCTBIA aTOMOB Xenes3a U Me.

O6benunss cootHoueHus (4) u (6), nonyvaeM ypaBHeHMe IJIs SHEPrUy pacTBopa, oOpa3oBaH-
Horo u3 Broctura u Me,, O, u conepxamero | Moib KaTHOHOB, KOTOPO€, €CJIA COCTaB PacTBOpa BhIpa-
xatb popmyoit Fe,. . Me Oy, TRE

x,:1—2x+2-€-(2n—-3m);x2:2(x—n“m(:);x3:c, (7
m m
NPUHUMAET BH
E={(1—2x)+—c—(2n—3m)JE]+2(x—n_chE,_+£E3+
m m m
2 c n—m 4c n-m YV
+——|:(1 —2x)+——(2n —3m)}(x— )le +c(1~c)b, +——(x~ c) by + (8)
I-c m m l-c m
2 2 B
A2 g lE ] LB, 2D
I+x 1+ x

3necs E; , E; u B3 —sHeprun 1 mons uncteix FeO, Fe,O5 u Me,,O,.

KoHdurypaumoHHast SHTPOINKS TaKOro pacTBOpa PaBHA HUCHTY CNOCOOOR pa3sMEINEHMS KaTHOHOB
xenesa u Me ™ B (1+X) OKTa3ApHUECKHX MO3MLMAX MOAPELIETKH KUCIOPONa, CPeaH KOTophiX "X
MECT OCTAOTCs BAKAHTHBIMHU:

AS = R[(1+x)In(l1+ x)—clnc~(1-c)In(l-c)—xInx]. )]

CeoboaHas aneprus pactsopa Fe, . Me O .«

Gz=F=E-TS=E-T {1—-2x+—c—(2n—-3m)JSl+(x-—n—mch2+-c—S3 ~TAS. (10)
m m m
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Jluikacoe A.A. MpumeneHue meopuu UOHHLIX pacmeopoe Koxeypoea

K MPexXKOMITOHeHMHbIM pacmeopaM Ha OcHoee srocmuma

oG oG
3Has cBOOOAHYIO DHEPrHIO U €€ NPOM3BOIHEIE [—éw H | —— | , HeTPYAHO PacCUUTaTb aKTHBHO-
x c C X

ctu FeO, Fe 03 u Me, O, B BIOCTMTHOM pacTBOpE, HCHOJB3Ys ClISAYIOLIME COOTHOLICHHS:

[ ¢ n—-m c oG
G=|1-2x+—(2n-3m +2| x- c +— ; — ==2 + :
[ m ( ):] Hreo ( o \JMF6203 " Hise,0, ( Py )C Hreo T He,0,

(11)

oG 2n-3m n-m 1
(7) = Mo = Hre,0, T "Hre0, 4= e"p(“f —H )/ RT,
c ), m m m

rae | — XHMHYECKHit NOTeHUHAas I-r0 KOMIIOHEHTa B CTAHIAPTHOM COCTOSHHH.
Hpumenumocts hopmynl (10) Ans onucaHus TepMOAUHAMHYECKHX CBOMCTB TPEXKOMNOHEHTHEIX
BIOCTUTHBIX PACTBOPOB NPOBEPSIM 110 OMBITHOM 3aBHCHMOCTH PaBHOBECHOIO JaBjieHus kucuopoaa Fy

OT cocTaBa PacTBOPA.
Ecnu B3auMoneficTBHe pacTBOpa C ra3oM BEIPa3uTh peakiuei

TO K3 YCJIOBHS PpaBHOBECHA ClIeayeT

2[0)pp=0s ,

- 0y
Inpo, =Quo —1o, )/ RT .
3pech o — XMMHYECKHMH MOTEHLIMA KHCIOpoJa B pacTBope. Ero MOMKHO onpeaenuTh U3 COOTHOLICHHU

%)
Ho = — |

Ox

Bblpaykasi coctar pacteopa dopmyinoii Fey Me O1..

Huddepenuupys yparHenue (10) mo x W NOACTaBNsAs 3HAYEHUE TPOU3BOAHOM (

(13), nostyvaem

X

(12)
(13)

(14)

j B YCIIOBHE

e, :[7,096_24800}2@ x (c+x)(2—~2c+x)[60,594_119430}_
: T l+x (1+x) 15
27 By 4e(-0) B, (2x+¢) [68 89 170350}+ 8c(2x+c) b
(+x)* 2,3RT  (1+x7 23RT 2(1-c)| l-¢  2,3RT’
3a crannapTHoe cocTosHUe BoIOpaH GecKOHEYHO pa3baBieHHBIH pacTBop kucnopona B FeO.
3HaveHmne napaMeTpoOB TCOPUH L)1 UCCIECNOBAHHBIX HAMH paCTBOpOB MpHBEACHLI B Taﬁnnue.
Tabnuua
NapameTpl Q= ~A/T + B, Dx/Monk ypasHeHUs
MO 2En/2,3RT 4E 52, 3RT 16,/2,3RT b/2,3RT
e A B A B A B 4 B
MgO | 109940 | 4821 | 252320 | 127,59 | 194780 | 96,35 -11280 -8,915
54,539-80680/T+
* - — 3
CaO 191510 | 123,36 | 220500 | 107,68 | -31060 | —59,475 12,028 107/T?
TiO, | 367020 | 139,715 | 482890 [262,866 | 611220 | 3926 60915 [ —62342
CryO; | 576860 | 326,823 | 317530 [ 158,313 | 319980 | 149,04 145578 88,374
V,0; | 119430 | 60,594 | 255986 | 122,472 | -476794 | 269,578 | -107373 | —83,184
MnO | 128290 | 62,346 | 238890 | 118,354 | 181720 | 84,907 4167 2,059
CoO 119345 | 56,039 | 238335 [ 118,575 | 165677 | 75,935 | 703,187 | —0,494
NiO ans
273K ~33,091 —66,437 —64,752
Zn0 117470 | 53,979 | 227428 [ 109,356 | 191230 [ 80,220 3410 2,465
Na,O 61234 [ =27,592 | 142800 | 62,864 | 437098 | 2460 45481 7,596
LpO 202214 | 143,56 | 110200 | 35,624 | 306768 | 198,736 | 107378 88,239
Cu,0 | 249340 | 108,36 | 7770760 | 8788,0 | 1456192 | 1702,08 12 0,01

* = (208" 3, ) /2.3RT=17,257 - 24990/T .
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Xumus

Ha puc. 1-8 unnoctpupyercs NpUMEHMMOCTb 3TOM MOJENHM IS ONMCAHMs 3aBHCHMOCTH Pas-
HOBECHOIrO A3BJICHHS KHCJIOPOAA OT COCTaBa BIOCTHUTHOrO pacrteopa [3, 4]. Pe3yneTrarel pacdera 1o
dopmyre (15) mpeacraBieHb! CILIOLHBIMA nUHUAMM. ONBITHBIE JAHHBIE MOJY4EHBl B 1a00paTopusx
kapeapsl Gusnueckoil xumun IOYpI'Y, u agrop BelpakaeT HCKPEHHIOW GJaroAapHOCTE COTPYIHUKAM
Kabenpsl, MPUHUMABLINM yuyacTue B 9Tol paborte.

-Igpoz 5 —lgp02
12 1 9P
10 4
13 /
14 12 4
16
1 vl
3
18
l 181 1173K
15 : : .
20 +— . 18 4— .
0,06 0,08 0,12 x
00 01 X 00 01 X
Puc 1 3aBHCUMOCTL paBHOBECHOTO AABNEHUA KUCIOPOAA Puc. 2. 3aBUCUMOCTEL PABHOBECHOIO AABRMEHUST Kn-
(aTM) oT cocrasa mardesuoBlocTuta Fe,-Mg.O1, €11opoaa (ATM) OT COCTABA KANbUMOBIOCTUTA C:
c1- 0, 2- 011: 3'_0!3; 4_0’4; 5 —0}496; 1- 0,01, 2“'0,03; 3~ 0,05

W = MarHe3svoBIOCTUT; S — marHesnoteppur

'Ig poz

16

17

nos8 012 016 X

o
[=3
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[=)
g
N

x

-lgpoz "on,{
13 A

10 -

141 11

15 T y : 12 v v -
008 012 X 008 012 0,16 X
Puc. 3. 3aBNCcMMOCTL paBHOBECHOTO ONABIEHUA KUCHOPOoaa (aT™m)
OT coCTaBa TUTaH3aMelWeHHOro BIOCTUTa
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Jbikacoe A.A.

lNpumeHeHue meopuu UOHHBLIX pacmeopoe Koxeyposa

K MPexXKoMIoOHeHMHbLIM pacmeopamM Ha OCHO8e erocmuma

9Pg
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Puc. 5. 3aBUCHMMOCTL PaBHOBECHOrO AasneHMs kucnopoaa
(aTM) OT cocTaBa XpoOM3aMeileHHOro BIOCTUTA

PO

14 -

16 1

18 1

1in4 1 DR 119 I+v
Puc. 7. 3aBUCMMOCTL PaBHOBECHOIO QABNeHMA KMcnoposa
(aTm) OT cocTaBa L MHK3aMEeLeHHOro BIOCTUTA

c:1-0;,2-0,06,3-0,1,4-0,15;5~-0,2

Puc. 4. 3aBncMMOCTe PaBHOBECHOIO AABIEHUA KUCopoaa
(aTm) oT cocTaBa BaHaaUMA3amMeweHHOro BIocTuTa

-igp

10 4

12 ]

14 1

16

10 1

12 4

14

0z

a)

14+x

6

1 1,04 1,08 1,12 1+x

Puc, 6. 3aBUCUMOCTL paBHOBECHOIO AaBNeHUA Kucnopona
{aTm) OT cocrasa koGanbToBlocTMTa npn 1273K (a) n 1373K
(6)c:1-0;2-~0,05;3-0,103;4-0,2; 5-0,3; 6 ~ 0,394,

7-0,593; 8 -

0,801; W — kobankToBlocTUT; S — ko6anbTo-

deppur; Me - deppokobanst

'Igpc2
10 4

12 4

14 -

16

000

004 008

T

n12 X

Puc. 8. 3aBUCHMMOCTL PABHOBECHOTO AABMEHUN KU-
cnopoga (aTM) OT CocTaBa MAHIAHOBIOCTUTA

c:1-0;2~0,092; 3-0,182; 4 -~0,287;
5-0,393; 6 - 0,497; 7 - 0,601
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