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B HacTosiwen paboTe Ha OCHOBaHUM UMEILLIENCS MHGOpMaLMM O paBHOBECKSAX B cucteme Fe —
wnuHeneHbln pacTteop (Feq_(Cr:01 333 —Cr,0s—Cr [1] npoaHanuanpoBaHo U3MEHEHWE AaBMEHUS KACMO-
poAa nNpu BOCCTAHOBIEHWM TBEPAOrO pacTBOpa Ha OCHOBE XPOMUTA Xeresa B M306apuyeCcKkmnx yCrnoBusix.

CornacHo guarpamme cocTtosiHus cuctembl Fe—Cr—O [1] B yka3aHHOW KOHLEHTpPaLMOHHOM 06-
nacTtu B paBHOBECUMN MOTYT HaXOAUTLCS LUMMHENBHbIN PacTBOP W Xene30; WNMHENbHLIN pacTBop, Xe-
neso n okeng xpoma Cr,03; beppoxpom n Cr,Os. B npouecce yaaneHusa kucnopona B paBHOBECHbIX
YCMOBMSX MPU MNOCTOSIHHOW TeMMepaType A0IMKHbI MPOUCXOAUTb CrieayoLne npeBpaLleHmst.

LnuHenb, Tepsasa KMCNopoA, nepechillaeTcs xene3omM. B pesynbtate obpasyeTca meTtannumyeckas
daza, KoTopasi Ha Ha4YyanbHOM 3dTane NPoLecca COCTOUT NPaKTUYECKU U3 YMCTOro xenesa. LUnuHenb Ha
aTon crtagum oborawaeTca XpoMoM, npubnumxkascb No coctaBy K xpomuTy xenesa FeCr,O4
(Feo,333Cro66701,333). XpOMUT Xene3a npu BOCCTAHOBNEHMN nepecbiwaeTtcs n xenesom un Cr,O5, n guc-
nponopunoHnpyeT ¢ o6pa3oBaHNMeM ogHOBpeMeHHO AByx a3 — meTanna un Cr,0O;. Cuctema craHo-
BUTCA Ge3BapnaHTHOW, NpoLecc NpoTekaeT A0 nonHoro pasnoxerHuns FeCr,O4 Npy NOCTOSIHHOM AaB-
neHnn kucnopoga. C 3aBeplUeHMEM MpeBpaLLEHUs yOarneHne Kucriopoga COMpoBOXOAETCS BOC-
cTtaHoBneHnemM xpoma n3 CroO3;. Xpom pacTBoOpsieTcs B xenese, YTo bnaronpusitTctByeT BOCCTaHOBIE-
HUO, Bnarogapsi CHUKEHUIO ero akTUBHOCTU. 3aBepLuaeTcs npoLecc obpasoBaHMeM dheppoxpoma.

[ns onucaHnsa 3aBUCMMOCTU CTEMNEHN BOCCTAHOBMEHUSI XPOMUTA M €ro pacTBOPOB B paBHOBEC-
HbIX YCITOBUSAX HEOBXOAUMO:

—YCTaHOBWTb 3aBMCMMOCTb PaBHOBECHOTO AaBrieHUs Kucnopoga (po, ) OT cocTaBa LUMUHENbHOro

pacTBopa u TemnepaTypbl;

—onpeaenuTb 3aBMCMMOCTb PO, OT TemnepaTtypbl B YCMNOBUAX PaBHOBECUS TPEX KOHOAEHCUPO-
BaHHbIX has: FeCr,O4—Cr,Os;—Fe;

—YCTaHOBWUTb KOHLEHTPALMOHHYO 3aBUCUMOCTb aKTUBHOCTU Xpoma B (heppoxpome.

Ycnosusi paBHOBECUS! LUMMHENBHOTO pacTBopa U xxemnesa M3yydeHbl HegocTtaTovHo. [Ansa onpeae-
NeHns 3aBUCMMOCTU PO, OT COCTaBa LUMNMHENbHOTO pacTBopa v TemnepaTypbl UCMoMb3oBany AaH-

Hble, NpuBeaeHHble B paboTe [1]. ObpabaTbiBaeMbii MaccuB AaHHbIX NpuBeaeH Ha puc. 1 m puc. 2.
lNonbiTka onucaTb 3aBMCUMOCTL Inpo, =f(T,C) NonMHOMOM okasarnach HeyaadHou. Jlydlie Bcero xa-

pakTep 3aBUCUMOCTU NepefaeTcs paunmoHanbHon hyHkumen. Mol ucnonb3oBanu ypaBHeHME

lapo, =ﬁ‘++—gcc (1)

W NONy4nnn yOOBNETBOPUTENBHOE COrracne C UCXOAHLIMU JAaHHLIMU MPU CreayHoLLIMX 3HaUYEHNAX NapaMeTpOoB:
A=6,919-27490,569/T, B=-10,13+40170,769/T, D=-1,467-1,084/T. (2)
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Puc. 1. 3aBucMmMmocTb AaBneHus KMcrnopoada OoT TeMmnepaTtypbl 1 COCTaBa LUNUHENbHOIo pacTtBopa
cuctembl Fe—Cr—O, Haxogsierocs B pPaBHOBECKUN C XKee3oMm

IgP02
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N ’_*H\V\.\YMB
-16 - 1373
-18 - 1273
20 | 1173
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Puc. 2. 3aBucumMocTb gaBneHuns KUCIopoda OT coCTaBa TBepAoro pacresopa Ha OCHOBE XpOMUTA XKerea3a,
Haxogdllerocqa B paBHOBeCUU C XeJie3oM

®yHKUMA (1) C YMCNEHHBIMU 3HAYEHUAMMN NapamMeTpoB (2) onucbiBaeT 3aBUCUMOCTL Ig po, OT cocTasa

LWNMHEenNbHOM a3kl BO BCEW 061acT COCYLIECTBOBAHNS €€ C XXene3oM (daBreHue BbipaXXeHo B aT-
Mocdepax). Mpn HU3KNX coaepXaHUAX XpoMa B LUNWUHENbHOM pacTBOpe npedernbHble 3HayeHus OT-

BEeYaloT YCNoBM0 MOHOBapUaHTHOIMO PaBHOBECMUS LLUMUHENbHOMO0 pacTBopa C BIOCTUTHBLIM PacTBOPOM
n xxenesom [1]:

lg po, =—27608/T +6,767.
CocTaB WnNUHenu B aTux YCNoBUAX MOXET ObITb paccynTaH no cbopmyne

c=0,646-171T.
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B ycnosusx paBHoBecHs LLNUHENbLHOro pacteopa, Cro0O3 1 Fe [1]
lg po, =—33948/T +8,253.

Mpu onucaHuMK paBHOBECUI C y4acTUEM MeTanna npuHuManu, 4to peppoxpom aBnaeTca coBep-
LLIEHHBbIM pPacTBOPOM >enesa n xpoma [1]. B aToM cnyyae cogepxaHue xpoma B MeTasnfne, Haxoas-
wemcs B paHoBecun ¢ Cr,O3 MOXeT ObITb paccunTaHo no opmyne

AG® =kT {%In po, +2In xCr]

rae Xc, — MonspHas Aons Xxpoma B (peppoxpome, po, — AaBfeHUe KUCMOopoaa B YCMOBUSX PaBHO-

Becust metanna un Cr,0O3, AG° — M3MeHeHne cTangapTHoN aHeprum [Mbbca peakuun

2[Crlre +%02 ~CryO3:

AG° =-1346817+1487,35T —338,52T IgT, Ox [1].

Bblpasum yepes o OTHOLLEHWE YMcna MOMen KUCNopoaa, yaaneHHoro u3 Bewectsa B npouecce
BOCCTaHOBIEHMWS, K UCXOAHOMY KOMMYECTBY MOMEN KMCNopoda B LUMNUHENbHOM pacTBope (CTeneHb
BOCCTaHOBINEHWS)

q=Jnex Y
Yuex
30ecb y — 4ncno Moren KACNopoaa B BellecTBe B pacyeTe Ha oaHy dopMynbHyto eanHuuy Fe_CrcO.

Tak Kak 13 cuctembl yoandaeTcd TONbKO KMCNopoad, TO cTeneHb BOCCTaHOBIMEHUA LLUNUHEeNbHOro pacrteopa
A0 XpoOMUTa XKeres3a Feo,333Cr0,66701,333

!

a=1-L,
c
rae ¢’ — KaTMOHHasa 40Mns XpoMa B MCXOQHOM pacTBOpe, a ¢ — B pacTBOpE MNpu 3aaHHOW CTeNeHu

BOCCTaHOBIeHNs. BenvunHa ¢ 3aBMCUT OT [aBNeHUst Kucrnopoga B CUCTEME U pacCYUTbiBaeTCH Mo
dopmyre (1).

B ycnoBusix 6e3BapnaHTHOro paBHoBecusi xpomuTa xenesa ¢ Cr,O; 1 Xenesom BOCCTaHOBIIEHME
Xernesa u3 xpommuta npoTekaeT Npu NOCTOSAHHOM AaBfEHWM KUCNopoaa B npegenax cneaylowmx 3Ha-
YEeHWI CTeneHn BOCCTaHOBEHMS:

(1—1,1250')§oc£(1—1,50’).
Ha saknountensHoM aTtane npouecca

1,5(0’—XCr)
1333(1-xcr)

Ncnonb3ysa npuBeaeHHblE COOTHOLLUEHMS, MOXHO paccyMTaTb M3MEHEHWs OaBfeHust Kucropoaa
npy paBHOBECHbBIX NpeBpaLLeHUaX B NPoLiecce BOCCTAHOBIEHNS XPOMUTA Xenesa U pacTBOPOB Ha ero
ocHoBe. [Ins npumepa Ha puc. 3 NpUBEAEHbI 3aBUCUMMOCTU Igpo, OT CTEMNEHU BOCCTAHOBNEHUS o

LUNMHENbHbIX pacTBopoB cucteMbl Fe—Cr—O npu Temnepatype 1100 °C. 3T 3aBUCUMOCTU OTpa-
XalT BCce 0COOEHHOCTM NpeBpaLleHnil B NpoLuecce BOCCTAHOBMNEHMS TBEPAbIX paCTBOPOB Ha OCHOBE
XpoMuTa Xxenesa oo metanna.
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Puc. 3. 3aBnucnmocTb paBHOBECHOTO AABIEHMS KMCopoaa OT CTEMNEHN BOCCTAHOBIEHUS
LwnnMHensHoro pacteopa Feq_,Cr,O, npn Temnepatype 1273 K.

c:1—0,512;2—0,55;3—0,6;4 — 0,66

3aknyeHue

Ha ocHoBaHMM gaHHbIX 0 (ha30BbIX NpeBpalleHnax B cucteme Fe—Cr—O n paBHOBECHbIX napa-
MeTpax COCTOSHUA 3TOW CUCTEMbl OonpefefieHbl COOTHOLIEHUS MeXay napameTpamu CUCTEMbI U
paccuynTaHbl pPaBHOBECHbIE YCIOBWSI BOCCTAHOBMEHWS TBEPAbIX PaCTBOPOB Ha OCHOBE XpoOMWUTA
xenesa.

Mpwn cdomHaHcoBoW noaaepxke MuHnctepctea obpasosaHus u NpaButenbcrea YensbuHckon obnacTtu
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