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Původní práce 

l'HASE EQUJLIBRL\ LX THI� SYSTEM CaCc2O4-Ca2I<'e2O5 

UNDER RRDUCED P,\RTI L PRESSU.RE OB OXYGEN 

.JARO::VlÍit VLADLIIÍR A:vrn1túz, 1:JrnrnND JC1NdLfft 

l:c-ceivt,d 2ti. 1. HJ81 

'ťhe rapúl q1<enchÍ11(J mctlwd was usul for de!am inúiy tlw 
'in the syslem CaCr204-Ca2Fe20s in argon wufrr 1/w 
oj 110 Pa in tlw lem7Jeratu;·e inte/'?Jal from 1:!UIJ to •00. 
pera ture of the appearanee of l·iquirl plwse was detem1h1ed al 5 "O, 
aml the /onnation reyfon oj Cn(Cr2l<'e}2O4 soz.id solution mul 1/w reyion oj co• 
ex·istence oj Ca(Cr, Jí'o)2O4, Ca2Ji'e2Os ancl CaO u•ere establi'.slwl. A "·"'w1éo1J1na 
plwse cliagrarn oj tlrn given syslem 11:as cm,.,·/ntelc,l on the basis o/ the 
obtainecl. 

INTRODUC'.l'ION 

Serious study into the corrosive effects of sh1gs on refractories requires knowledge 
of the physical propertíes of refractory mť1,teri11ls a,s well as important information 
on chemical equilibria at v,1rious temperntures and v,trious partial pressures of 
oxygen, because chemical corrosion is caused by reactions between components 
eonb1ined in liquid and solid phase. On the basis of tabellated equilibrial data, 
or vory often by mcans of phase diagrams, it is possible to delimit the stability 
regions of the individual phases. 

In the case of systems where a significant part is played by the partial pressure 
of oxygen, one should also tttke it into account ,1,part from composition and 
tem:peratul'e. At pa,rtial oxygcn pre„sures closť3 to that in air atmosphere and a,t 
temperatures up to 1500 "C, it is possible that in the system CaO-Cr:1,O3-Fe2O3 , 

trivalent chromium may be oxidizecl to hcx:avalent chromium on the one hand, 
and Fe3-1- may be redncecl t.o Fe2+ on the other. No ternary diagra.m of the given 
system has so fa,r been puhlíshed. In study [l], which was concerned with rendering 
the pha.se dia,gnun of the sy.stcm CaCr2O4-0a.Fe2O4 more precise, it has been shown 
that the simih1r strnctm.-es, the closely similm.· valnos of ele1nentl1ry cell constants 
for calcium chromite mld calcium forrite [2] 11s well a,s the analogous clmťť1.cter 
of the bonds were jointly re3ponsible for tho fonnation of a continnous series of type 
Ca(Cr, Fe)2O4 solid solutions. As has been proverl in [:1], Slleh a solicl solution is also 
formed in thc system CaCr2O4-Cil,2Fe2O5: 

(1) 

while thc Ca2+ ions ent.er the phase C,t4(Fe, Cr)4Ou, in whieh some of the chromium 
obviously exists in thc he,cwt1'cnt form ['t]. \-V,10n cornidering the chromiurn to occm· 
in oxidation dcgrees , and 6 +, the co:npoun'l C14(E0, Cr-)4Ou ctn be written in the 
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form 12 C11O . 5 (Fe, Cr)zO3 . 2 CrO3 . This follows fro111 thc fact that owing to thcir 
sizc, thc Fc3+ ions cm1 hc rcplaced :-mlely hy thc Cr3+ ions in the structurc. Tt is tlrns 
poflsihlP to assmne tlmt on dccrcasing the pn,rtial oxygcn prcssurc in the amhicnt 
atrnosphere, ilw proportion of hcx:wafont chromimn in tlrn givcn s:·slťm will 
<lecreasc togcther with thc arnount of thc phasc Ca4(F<\ Cr)4O11 . 

Thc reactions rrnd phasc cq11ilihri1t wťrc invcsligatecl h:· thc st:ttic mcthocl h:· 
hcating the s1wcimens in nn argon ntmosphcr0 with a known oxygen cont<mt in l lm 
tcmpcrnt1m, rnngc from 12Ci0 lo 1520 °C. 

Thc spccinwns of Cn2Fc2Os with n contcnl of 1 to DO mole%) C11Cr2O4 w<�rc prcimrcd 
from aq11c01rn sol11lions o[ cnki11111 nilrnt0, anm1<mim11 hiťhrornn,te arnl forric nitralc 
(A. R. J\Ierck) m,ing thc proccd11rc <kscrilwd in [:{]. Thc spccinwns wcre hca!Pd 
in platinmn crucihles in a fnrnace wil h rnolyhdcnmn will(ling in thc protcctiYc 
argon ntmospherc. Thc tempera ture in thc working zmw of thc furnaco wns mensurcd 
with n, PtRh :30-Ptlth G thennocouplc crtlihratccl nt tlw mclting tcmpernt11rcs of gold, 
1mlh1elhm1 nud plat inmn. Thc contcnt o[ oxygen in tlw working ntmospherc wns 
detcrminecl by an oxygcn probc hascd on zirconinm oxide stahilizcd wilh ahout 
15 mole% CaO. The timc of hcrtling was dctcrmined on tbc lmsis of prclimi1rnry 
cxpcrimcnts, which have shown tlmt prolonged lwating <loťs not affoct thc plrnsc 
composition of thc test sp0cimcns. The spccirncns Wťrn anal_',·zed aftcr ntpi<l quen­
ching. '.ťhe solid plmscs were idťntifkd hy X-ra_\- <liffrncl ion anal:,·si;; (the Philips 
15:J0 instrument, Cu K u. rndiaticm) using 1 lw X-rny pat tcrns of calcirnn chromite, 
calcium forrite rrnd calci11rn oxide . Tlrn prcS<'ncc of a liquicl pha;-:ť in tlw specimcns 
obUtinecl was dctcrmined on pofo,hed sc,ctio11s in rdkc1 ťd light with 1 hc J\mpliv,11 
opticnJ microscope (Zeis;.; Jťna ). 

Thc re ,c,ults plot ted in Tahle 1 werť 1tc:ťrl. ťnr r·on"1 rm:t ing l ho psť11dohinary plm,w 
diagrnm of tlw s.\·strnn (\1(>2O.r--Ca 2Fe:()5 for 1 lw part ial ox_,·gen press1ll'ť of 110 Pa 
undor total 1n·ess11rn of 0. l .\lPa (Fig. l). Tiw Ya!iH•;; oť nwlling tcmpcrn.tures of 
dicitlcium forrite :rnd rnlc-ium chnm1Í\ť ohtainťrl in �,wl.iťs [5] :md. [(i] wcre ]ikewis<, 
employcd in tho constrnction of tlw JJha:-'P (liagram. The temperntnre of the u.-� 
calcium chromite, tra.nsťornrntion. which i:-: affl'cU:d hy thc 1mrfotl oxygen pressure 
in the gasc,ous phase, was calcnln(ťrl the approximatc rehtionship givm1 
in [7]. 

The system in qnestion is clmrncl eriz.ťrl h_,· l lw tc,mpera.ture of a,ppcarnnce of the 
liquid plm.se n.t 1405 ::l= 5 °C, lwlow \\·hich l lwrn is the three-plmse field of tho 
coexistcnce of Ca2Fe2O5 , CaO aml tllť �olid. f'oh1tion Cn.(Cr, Fe)zO4 . Tho invariant 
point nt 5 mole% CaCr2O4 in Ca2Fe/); was del t)rmined on the basis of n.nan:dysi,-; 
of specimcns hca.ted. at 1420 °C, 11sing tllť ,JX.-\-5A micrommlyzer. Similarly lo thc 
nir atmosphere, the soluhilit:· of cnkimll c-liromite in dic:1lcium ferrite has not bcen 
proved at contcnts excccding 1 rnolc� r,- On ihe side of c•n,lcimn chromite, thcre 
is thc region of co-existence o[ the :'olid ;.colulion Cn(Cr, Fe)zO4 with CaO. The dashed 
lines in tlw pseudohinary dingrarn indicatť tlw prohahle co1!l'scs of tlw solich1s m1d 
liquidus lines at tempera.ture:-; cxc:eccling 1:3:20 cc. H was assumed tha,t at, highcr 
tempcrntures and higher conhmts of CaCr2O.1 in Ca2Fe2O5 , the syslem helrnvcs 
sirnilarly as in ltir ,:tlmosphere. 
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CC1·, C2F, C 
CCr, C2 F, O 
CCr, C2 F, C 
CCr, C211', C 
C( �r, C.� F, C 
UU1·, C2 F, C 

CCr, C2F, C 
CCr, C 
CCr, C 
CG1·, C, C2 F 
CCr, C2F, C 
CGr, C2F, C 
C;Cr, C2 F', C 
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CCr, C2 F, C 
UGr, C2 I/, C 
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cc", c 

cc;,., c 
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C2 F, L 
CCr, (), L

C<.1r, (·_, ., L 
CCI',C, L 
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CCr, .L, (C) 
CCr, L, (O) 
CCr, L, C 
L 
CCr, C 
CC1·, C 
CC1·, L, (C) 

CnO, L · nwlt, 

lt has boon shown tlu1t rcclucecl content of oxygen in Uw 11rgon 11tmosphcro does 
not permit tlie plmse Ca4(Fo, Cr)4O 11 to he formecl, which is in conncction with 
thc failnre of Cr31• to oxidizc to Cr6+ at tho partial oxygen pressme of Jl0 Pa at, 
t he given temperatures. Fornmtion of thc solid solution Ca(Cr, ]'e)zO4, during which 
Fc3+ ions take up thc pbccs of Cr3+ ions, lffings alJOllt liberation of one hrdf of tlw 
calcium ions which cnter the roaction in the fcH'lll of dicalcium forrite: 
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Fig. J. z>sendo/Jinary phase diagram o.f the 8:1Jsfem Ca.Cr2O4-Ga2Fo2O5 .for thc partial o:eyyen 7,res8nre 
J)Oo = 110 Pa.

(1- x) CaCr2O4 + ;i; C:.2Fe2Os ·-,- CaCr2( t-x)Fe2xO4 + a; CaO (2) 

producing -calcimn oxide. The maximum Ca.O content will be ohviom;l_v situated 
at the solnhility limit of Ca2 .Fe2O5 in C11Cr2O4 . Thc phase diagmm ohtained indicates 
that at the solubility limit, where al! thc <lic:tlcium forritc presc;nt, lms jnst hmm 
consumed hy rcactfon (2), the CaO eontent in tho tomperatmo mnge 1340 to 1405 °C 
increases from abont 16 mole% up to :3s mole% Ca.O. The Ca.O content in the three­
phase region below 1405 °C en.n ho determined on the basis of the knowledge of the 
initial composition and soluhility oť Cn2Fe2O5 in CaCr2O4 at. the given. tempem.ture. 
It is assumed tlmt in thc C:1(Cr, Fe)zO4 solid solnt.ion, thc Fe3+ ions arť capitblc 
of rcplacing solcly thc Cr3+ ions, nnd tlmt Fe3+ is not rednced to Fez+. The presence 
of a phase containing iron in biva.lcnt fonn has not heen proved. 
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Fi;_zo V[<; ItO V NO VAH Y V SÚSTA VE CaCr20., -C,12F,.-205 PR l Z .Níž1,;No .é\l 
PARCIALNO.é\I TLAKU KY8LÍKA 

,JnromÍť Havlica, Vladimír Ambrúz, .Edmund Kanelíi­

Ús/1w mwrywiickej chém-ie 8A V, JJmtislct"l'Cl 

�:lelóflou núhlol10 oehladouia sa, stanovili fúzové rovnovúhy v sústave CaC1·20.i C:.t2 Fu20 5 

v aťgúne s par<:iúlnym Llakom kyslíka 110 Pa v toplotnom int•·1·v11lu 1200 až li'í20 "C. Na zúklado 
výsledkov uvuclonýeh v tabulkť r s11 zostrojil pst•ndohinill'ny ťúzo,·ý cliagrnm uvudt•nPj si',st,wy. 
Sústavn sn vyznněuje teplotou obj a venia sn kvapahH•j fúzy 1-HJij i'í °C. 'L'voťbou tuhého roztoku­
typu Ca(Cr, Fe)iO., dochúclza k vzniku CnO (rovnica 12]), ktorý sn dokúznl tak v oblasti koexistoncin 
Cn(Cr, Fo)iO„ s Ca2Fe205, nko aj v oblasti tuhého roztoku Ca(Cr, Fe)i0.1. :N'acl teploL011 lfi2(J ··c
,;a pnxlpoklo.dalo podobnó chovanie uveclonej s ústa vy nko vo vzdušul'j ntrnosfére. Ku kon(;trnkcii 
ťázovóho clingrnrnu rn1 obr. 1 sa lfttlej použ.ili hodnoty tnplót toponi1t dilmlciumforitu u. kalcium­
chromitu, ktoró BO. získal i  v prácach [5] a [(i]. Toplota modifikahwj prernony a----f:l, ktol'Ú j,, 
mrplyv11ť11á parciťdnym tlakom kyslíka v plyrnwj ťúzP, s:t v_vpoč•í(nla ml z,íklaclo približ.nóho 
vzťahu uv,•d,·11(•!10 v prúci [7]. 

()/))'. 1. Pse1ulol,i111ín,y .frí..:ovfÍ diuyr11m sústrwy CaCr20.1-- Ca2 !<'ť205 pm parciálny tlak kyslíka 
(Jo2 = 110 l'u. 

![J,\ :JOH hl J•: l' ,\B HO ll EC li H B C IICT E \I E CaCr20.,-Cn2 FD2U 5 

llPll IJOll llil{El!HU.\l HAPJ(l!A."IL!IO.\l /(AH,:IEHll!l H'.HC,;fOl'O;(A 

Hpo.,wp l'au:mr�a, B:w;\11.\flljl A:v1Gpy:i, :J;t:vtyH/\ Emt1pHpm 

H/lf:1111111·1.ym Heopza1rn 1u'c1;oi1 :c11,1w11- CA JJ, B pw1we:uwa 

\lenJ;\u:v1 p1•:itw1·0 ox:1nnqe1rnn yn:a1w1111:1!f q1;1:mm,1e pnB11onc,·11a B ťHCTCMU C:i1CI'20., -­
----Ca Fe20s ll apnnw (' IW]JI(llUJlJ,IU,Dl ililll'.\()Jllll),\I lillť.'IUJlOi(H 110 ]fo B TCMIIPJ)ilT_l'PllO:V! 
l!llTC'fl ll.l."IC l 2(i(). - I :í2() u(;_ [ [ a Ot'.f!OB1\lll!ll pe:iy:lI,Tiťl'OB, ll]HlllOi(U:VfhlX B TilÚ:rnI(C I !IOl"l'J)Oll'.l 11 
rn·e1quG1map11y10 ;urnqm,ory yHo:11r111yToií ,·Ht"l'CMT,L Cl!cT01.-rn oT:lll>J,wT,·a TC�i!Wp,ťrypuir 
l!OllB'.IC,JIIIH jf(JI;uwií 1Jm:i1,1 l!ilJ:íJ:: CI °C. B pe:i)·.:11,T,ťl'C 00Jl,lélO!lilHIIH TllCjl;\01'() JJilťTBOpa Tlf!W 
Ca(CI', Fe)iO., m,:rn11wieT CaO (ypamiernrt) /2J), JWTopaH G1,1.:1a ;(Oirnaaua 1,ai, ll oo:rac--rn 
ťOťYll\C1"l'Bo1wrn1a Ca(CI', Fť)z0.1 e Ca2Fe20s, Ta1, B 0G.'1ac.TH Tnup;(oro pac:TBopa Ca(Cr, Fe)iO.,. 
Hume TC:VmopaTypLl l:í2() °C npe;(l!O:Ia!'il'.lll IJOJ\OÚIIOU I!OBCJ(ťlll[() up1rno;\11Moii ('.l!CTC:Vfl,J, mm 
li IJ 1.ťl'MO('(fJepe BO:lf(yxa. )(:rn llOťTIJOUJlllJI j(llarpaMMl,l cfia:i na pue. J llťU0:11 ,'.\0Ba,lll Tam1w­
Jl():!Jl'llllll,! 'rnMI1op,ťr,vp 11,:iamwrn1H itH1,a:11,1(11iícf)()PllTa u m1:11,1\Hiixpmuťra, IWTO]JI,ie G1,1Jrn 
IIOJ1y•Iem,I B paGo-rax [:í J II f G ). Tui-wťpwrypy M0;(1Hfrnw11(uouuoro npcupall(eHHH a--[3, 
Ha J,O'J'opoc O1w:i1,1naeT B.'JJI)lJIIIO II.lJll(ll1l.'ll,l!OC )(HBJWHIW 1,llfď!IOIJO}(U B rn:Hrnoií cfia:w, JHlC.C'lll­
'nl:lll Ha ()('!IOBUllllll ll])l!U."ll!311Te:11,11oro OT!IO!llOIIHH, npllllO/\!BWJ'O II paGOTU [7J. 

Puc. 1. JlceeéJoúunapHwi éJu1u:p1ui.1ut rjjaa cuc111e.1iu CaCr2O4 -Ca2 Fe2O5 OJIH napifIW/lblIOUJJ 
1J1wJie1t1ui JillCllopoéJa po, = '110 /la.

Silikáty č. 1, 1982 




