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AunoTayus. MPpUBOANTCA NOCTPOEHME ipeBa Ba3 M ONUCaHNE XUMUYECKOTO B3aUMOAEIACTBIA 1S TPOWHOI oKcuaHON cucrembl Ca0-Al,0,-
5i0,. Ocobbiii MHTEPEC K C1CTEME, COCTOALLLEN U3 OKCUAOB KaNlbLs, aloMUHIA U KDEMHNS, CBA3aH C MOJyYeHeM BbICOKO BOCTPEOOBAHHbIX
$yHKLMOHANbHBIX MaTEPUANOB C 3aAaHHbIMY CBOACTBAMM. Pacnnasbl cuctembl Ca0-Al,0,-5i0, MMetoT 60/1bLLIO. TEOPETUUECKOE U NPUKNaAHOE
3HaueHue. 370 06yCNOBNEHO 3HAUMTENBHOI PONIbIO PACNABOB 3TUX OKCUAOB W MX CMeCeil B MeTannypruu, Npou3BOACTBE KepamMuku 1 Apyrinx
06n1acTAX NPOMBbILLNEHHOCTU. Pa30Bble COOTHOLEHNS B CUCTEME NPK NOJIHOM UCYE3HOBEHUN X1AKOCTH B cucteme Ca0-Al,05-Si0, no3sonuau
noCTPOMTb ApeBO (a3 CMCTEMbI, KOTOPOE BKAKOYALT INHEIHYI0 YacTb M iBa LK. [ocTpoeHme ApeBa ¢pa3 NpuBOAUTCA C y4eToM 06pa3oBaHus
YeTbipex ABOIiHbIX coeHeHuii B cucreme Ca0-Si0,, nATn ABONHLIX CoeAnHenuit B cucteme Ca0-Al,0,, 0HOTO ABOAHOTO CORANHEHNS B CUCTE-
me Al,0,-5i0, 1 ABYX TPOiAHbIX CoeMHeHII. CTabUnbHbIA KOMNAGKC BKTOYAET NATHAALATL BTOPUUHBIX Ga30BbIX TPEYrONbHUKOB, COBANHAID-
LLMXCA MeX Ay CObON WeCTHAALATbIO CTabUAbHBIMM CeKyLMMA. [N CMeceid, 0TBeUatoLMX TOUKaMK 3KBMBANETHOCTY (TOUKaMM NepeceyeHns
HeCTabuNbHbIX M CTabUABHBIX CEKYLLMX) OMMCAHO XMMUYECKOE B3aMOZENCTBIE B COOTBETCTBUM C 3aKOHOM 3KBWUBaNeHTOB. CAenaH BbIBOA, 4TO
N9 BCeX CMecel, 0TBeYaloLL|X TOUKaM IKBUBANEHTHOCTY, ANS CTAHAAPTHBIX YCIOBUIA TEPMOANHAMUYECKN BO3SMOXHBI B3aMMOAeACTBMS. Bbl-
MOSHEH NPOrHO3 KpUCTaNAMU3yoLnxes ¢as.
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Abstract. In this study the construction of a phase tree and the description of the chemical interaction for the ternary oxide system
(Ca0-Al,0,-5i0, are given. Particular interest to a system consisting of oxides of calcium, aluminum and silicon is associated with the production
of highly demanded functional materials with desired properties. Melts of the Ca0-Al,05-Si0, system are of great theoretical and applied impor-
tance. This is due to the significant role of melts of these oxides and their mixtures in metallurgy, ceramics production, and other industries. Phase
relationships in the system with the complete disappearance of liquid in the Ca0-Al,05-5i0, system has made it possible to construct a phase tree
of the system, which includes a linear part and two cycles. The construction of the phase tree is given taking into account the formation of four
double compoundsin the Ca0-5i0, system, five double compounds in the Ca0-Al, 05 system, one double compound in the Al,05-Si0, system, and
two ternary compounds. The stable complex includes fifteen secondary phase triangles, interconnected by sixteen stable secants. For mixtures
corresponding to equivalence points (points of intersection of unstable and stable secants), the chemical interaction is described in accordance
with the law of equivalents. It is concluded that for all mixtures corresponding to equivalence points, interactions are thermodynamically possible
under standard conditions. The prediction of crystallizing phases is made.
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BBepeHue

®asopas guarpamma cucrembl CaO-Al,0O,-
SiO, nusyuanace gnutensHoe Bpems [1-6]. Ocobbii
WHTepecC K 3TOM CHUCTeMe CBsi3aH C IOJIyueHHueM
BoCTpebOBaHHBIX GYHKIIMOHATBHBIX MaTEPUAJIOB C
3a/laHHBIMH CBOMCTBaMH. B 4acTHOCTH, OKCHHBIE
pacIiyiaBbl JAHHOM CUCTeMBbI BXO/SIT B OCHOBHOM CO-
CTaB MeTaJI/IypruueCcKux I1JIakoB. TOT (pakT UMeeT
GosibIIIOe TEOpETHUECKOE U MPUKJIaZIHOe 3HaUeHue,
Tak Kak pacriaBbl cuctembl CaO-Al,0,4-SiO, urpa-
0T CYI1IeCTBEHHYIO POJib B MeTaJsl/1y Priuu, MPOM3BO/I-
CTBe KepaMUKH U PYTuX 00/1aCTAX MPOMBIIILIEH-
Hoctu [7-11]. Cuctema CaO-AIZOB- 5102 ABJISETCS
0a30BOU AJIs1 TIOJIyUeHUs] U U3YUEHUs 1[eMeHTOB
tuna MTA, B cocTaBe KOTOPBIX MPUCYTCTBYIOT
munepainbl (3Ca0-Si0,, 2Ca0-Si0,, 3Ca0-A,,05)
[9]. AHOPTUTOBBIN MaTepuas Ha OCHOBE CHCTEMBI
Ca0-Al,0;-Si0, ucnone3yercs Jjis NoaydYeHus
M3HOCOCTOMKUX KepaMHUYeCKUX MaTepHasoB I0-
BBIIIIEHHOW MPOUYHOCTU C OTHOCUTEJbHO HU3KOH
TemrepaTypoi ookura [10]. 11t CoBpeMeHHOro Me-
TaJLTy PruyecKoro Mpor3BO/ICTBa OOJIBILION HHTepecC
Y pacTipoCcTpaHeHue MPUoOpeTaloT HeOpraHUYeCcKue
MaTepuasbl Ha OCHOBE MPUPOJHBIX KpeMHe3eM-
cofiepKamux mopoj [12], sBasrouuxcsi 0CHOBOU
Ternsion3onupyromux cMmeceit [13-17]. K Takum ma-
TepurasaaM OTHOCST CTEK/I000pa3yroljie OKCH/IHbBIE
cmecu [18-20]. Bxozst B coctaB 6oiee CIOXKHBIX
MHOTOKOMIIOHEHTHBIX CUCTeM, HarpuMep, YeThl-
PeXKOMIOHeHTHOM cucTembl Ca0-Al,0,4-Si0,-TiO,,
okcuaHas cuctema CaO-Al,05-Si0, HaXOAUT LK~
POKOe ITprMeHeHHe B TAKUX TeXHOJIOTMUeCKHX ITpo-
1jeccax, Kak M3roToB/ieHHe TIOKPBITUH CBAPOUHBIX
3/1eKTPO/IOB, IPOM3BO/ICTBO 3Masiel, CTeKOJI, OrHey-
TIOPOB, MOPT/IaH/lleMeHTa, T/TMHO3eMHOT O LIeMeHTa,
n3BecTkoBoro (apdopa [21, 22]. OTmeuaeTcs, 4YTO
TaKue CMeCcU 00pa3yroTCs B KaueCTBe TIOMyTHBIX
TIPOAYKTOB TIPH TIJIaBKe W KPUCTAJTU3ALNN IIIjIa-
KOBBIX pPacIlJIaBOB, 3JIeKTPOKOPYH/0B [20]. AHamm3
(ha30BbIX paBHOBeCHI B UETHIPEXKOMITOHEHTHOU
m1akoBoi cucreme Ca0O-Al,0,-Si0,-MgO, co-
Jlep>Kalijeil B KaueCTBe COCTaBJISIOLEH TPeXKOMIIO-
HeHTHYt0 cucteMy Ca0-Al,05-SiO,, MOXKeT GbITh
WCI0/Ib30BaH A1 KOHTPOJISI HeMeTalIuueCcKuX

Xumuns

BKJIFOUEHU 1, HaTTpUMep, B paCKUC/IEHHOU a/TFOMUHU-
€M MPYKUHHOM CTaj, N3MeHeHHe COCTaBa KOTOPOH
TeCHO CBSI3aHO C padMHUPOBAaHUEM IIIJIAKOB U ITPO-
LieccoM packucaeHus [23].

[ITupokoe MpUMeHEHUEe CUCTEMBI OKCHHBIX
pacrinasoe Ca0O-Al,0,-SiO, TpebyeT riy6okoro nc-
crefoBaHus (PU3MKO-XMMHUUeCKUX CBOWCTB. Mcce-
JIOBaHBI BSI3KOCTD U TEIJIONPOBOHOCTh B )KU/JKOU 1
TBepoH ¢a3zax [12]. Ocoboe BHUMaHMe ye/seTcs
TepMOZMHAMUUeCKHMM CBOWCTBAM paclaaBOB U
coenuHeHnH [24]. TepMoguHaMUUeCKHe CBOMCTBA
HEOJHOKPATHO MCC/IeI0BAIUCh SKCIIePUMeHTaTbHO
[7]. TIpoBOAM/IOCE TEOPETHUECKOE MOZIeTUPOBaHHe
TepMOJWHAMUYeCKUX CBONUCTB Pa3TMUHBIMU METO-
nmamu [25-28].

B mporjecce miaBieHUsI CUTUKATHBIX CHCTEM
TIPOUCXOAUT PsiJi MHOT00Opa3HbIX (PU3MKO-XUMHU-
yeckux U (a3oBbIX npeBpalieHu [24]. OpHako B
nuTeparype jijis TpokiHol cuctemsl CaO-Al,0,-Si0,
He [pUBe/IeHO /IpeBo ¢a3 U He OITUCAHbI BO3MOKHbBIE
XUMUYeCKHe B3aUMOJeNCTBUS, BK/IIOUAIOL[He KakK
peakIvu TIPUCOeJUHEHUS, TaK U PeaKL[ui 0OMeHa.

Llenibl0 JaHHOTO MCC/IeJOBAHUS SIBJISIETCS T10-
CcTpoeHue ApeBa (a3 U OMHCAHUE HAa ero OCHOBe
XUMUYECKOr0 B3aUMOZEHCTBHS [J/Is CMeCcel, 0TBe-
YaloMUX TOUKAM TepeceueHus: CTabUIBHBIX U He-
CTaOMIBHBIX CEKYIIUX (TOUKAM SKBUBAIEHTHOCTH)
Y TIPOTHO3 KPUCTA/UTU3YIOLIUXCS (a3

Marepuanbl N metTobl

171t nOCTH>KeHUS TIOCTaB/IeHHOM LI/ CIieyeT
paccMOTpeTh OMHAPHBIE CUCTEMBI, BXO/ISIIIHE B CO-
craB Ca0O-Al,04-Si0,. Tak, B cucteme CaO-SiO,
obpazyercst yeTbIpe ABOUHBIX coeuiHeHws (Tabm. 1).
MBa u3 stux coepunenuii (Ca,SiO; u CaSiO,) 8-
JITIOTCS COeTUHEHUSIMU KOHTPYSHTHOT O IJIaB/IEHHS,
aBa (Ca,SiO, u Ca,;Si,0,) — coeiuHeHHs UHKOHTPY-
SHTHOTO TUTa MyiaBiaeHusi. OTMeueHo oOpa3oBaHue
TpeX 3BTEKTHK, ABYX MePeTeKTUK U OJHOU MOHO-
TekTHKH BOM3M SiO, [1].

B cucreme CaO-Al,0, obpasyercsa narh
OWHApHBIX coeWHeHHH (CM. Tabs. 1), KOTOpBIe B
JIUTepaType YKa3bIBalOTCS KaK COeJUHEeHUsI MTHKOH-
I'PY3THOTO, WJTH KOHT'PYSHTHOT'O ¥l THKOHTPY3HTHOT'O
THWMaA TJ1aBaeHus [1, 2].

139



%@\) M3B. Capar. yH-Ta. Hos. cep. Cep.: Xumus. buonorus. 3konorus. 2023. T. 23, Bbir. 2

Tabauya 1/ Table 1

TepMuuyecKHe ¥ TEPMOJHHAMHYECKHE XapaKTepPUCTUKH HCXOAHBIX BellecTB U coeguHeHui [29-31]
Thermal and thermodynamic characteristics of starting substances and compounds [29-31]

CraHgapTHble 3HaueHus / Standard values Tewrepatypei (.1)'&1301351)( repexozos, °C /
Phase transition temperatures, °C
Bemectro / OuTanbnus obpasoBanus | JHeprusi ['ubb6ca AIG°298, TemmiepaTypa Temmeparypa
Substances AH® g5, KIIK/MOT / K JIk/MOb / T0/IMMOPHHOrO
298 ry1aBiaeHust / nepexoa /
Enthalpy of formation Gibbs energy Melting Polymorph transition
A\H® g5, kJ/mol A\ (G° g5, kI/mol temperature temperature
AlL,O, -1675.692 -1582.271 20534 -
CaO -635.089+0.962 -603.475 2627430 -
sio, -910.940+1.422 -856.669 1728 -
€a;510; 2930.473+2.928 2785.104 2070+20
(3Ca0-Si0,) e : - -
€a,510, 2316.680+4.184 2200.018 2130420
(2Ca0-Si0,) T ' - -
Ca;51,0 3956.306+4.184 3756.729 14645
(3Ca0-2Si0,) R : - -
Casio, 1635.232+1.673 1549.598 154445
(Ca0-Si0,) e : - a
AlgS1,0y3 6819.920 6436.448 193545
(3A1,0,2Si0,) ' ‘ - -
Ca,AlL,Oq 153545
-3587.570+3.012 -3411.323 -
(3Ca0-Al,0,) K=2K+HK,
Cay,Al 04 1374 K, - K
-19010.422+19.246 -18465.021 27
(12Ca0-7A1,0,) Ky = KHK, 1037+10
CaAl,0 160245
274 -2326.178+1.799 -2208.666 -
(Ca0-Al,0,) K=KHK
CaAl,0, 176245
-3987.770+6.276 -3822.460 -
(Ca0-2A1,05) K=KHK
CaA112019 K, - K
_ n _ " 2 1
(C20-6AL0,) 10742.838+12.970 10160.538+14.225 1903 1833
CaAl,Si,0 4243.412+2.928 4017.773 1550+20
(Ca0-Al1,0,2Si0, . ' - -
Ca,AlS,0, K, - K
-4007.853+2.92 -3809.121 1590+2 27
(2C20-AL,0,5i0, 007.853+2.928 3809 590420 300

B aBoiiHoii cucteme Al,0,-SiO, obpasyeTcs
OJ1HO JiBOlHOE coeiuHenue — My/uT 3A1,0,-2S10,,
TJ1aBsiiieecst KOHIPYIHTHO (cM. TabJ1. 1).

TpexKOMIIOHEHTHasl cucTeMa UccieJoBaHa
paHee aBTOopamu [1, 2]. Ha ocHOBe JaHHBIX TIO
IBOMHBIM ¥ TPOUHBLIM COeIMHEHUsIM (cM. Tabs. 1)
TpoBe/ileHO pa30ueHUe Ha BTOPUYHEIE (Da30BBIe
TpeyroabHUKU. OHaKO XMMHUUeCcKoe B3auMozeii-
CTBUe, TIOCTPOeHue (pa30BOro KOMILIeKCa v TPOrHo3
KPHUCTa/TU3YIOLUXCs (a3 He paCCMOTPEHBI.
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Pe3y1'leaTbl nunx OGCY)KAGHME

@®a30Bble COOTHOIIEHUS B CUCTEME MPHU
MOJHOM UCUE3HOBEHUU KUJKOCTH B CUCTEME
Ca0-Al,0,-SiO, (puc. 1) Mo3BoU/IM TIOCTPOUTH
ZIpeBo (ha3 CUCTEMBI, KOTOPOE BK/TFOUAeT TIMHEHHYI0
yacTh U JBa 1juKa (puc. 2).

CTabubHBIM KOMIIJIEKC BKJIFOUAeT MST-
Ha/|llaTh BTOPUYHBIX ()a30BbIX TPEYTrOJIbHUKOB,
COeIUHSIIOLIUXCST MeX/1y CODOH I11eCcTHa/LaThio

HayuyHbivi oTaen



V. K. Fapkyiumr, O. B. JlaspeHTbesa. OrmcaHme xumMm4eckoro s3ammonerictans B cucteme CaO-Al,05-Si0 (@

CaO

Puc. 1. TpeyroneHuk coctaa cuctemer Ca0-Al,0,-Si0,: T, — CaAl,Si,O;
T, - Ca,Al,SiO,

Fig. 1. Composition triangle of system CaO-Al,0,-SiO,: T, — CaAl,Si,Oq;
T, - Ca,Al,SiO,

CaO D, DJ Dn D.\ D; D:
AN YA VAN VAN
D! D, D, D, : D, D! ; D,
) b, I "
D, D, D, D, D, D, D, D, D,
smAT ‘ TAT_ DA DA D_AT,
1 N ! T, L T : L T, 1 '
SiO——TT, T——T, L
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Si0# ; T,
AT T '
T ALO,  ALO, T, D, D, D, T T,
o ‘_’A‘—"HAH HAH *’
Al
2 D, T, T4 D, D, T o T, T? D, 9 £ D,

Puc. 2. ipeBo a3 cucremer CaO-Al,0,-Si0,
Fig. 2. Phase tree of the CaO-Al,0,-SiO,
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CTabUIbHBIMU CeKyIUMU. KprcTaniuzyroipecs Bo
BTOPUYHBIX TPEYro/IbHUKaX (ha3bl 0OTBEUAIOT Bellle-
CTBaM, pacrio/I0O’KeHHbIM B BepIIMHAX CHUMI/IEKCOB.

[171s1 onmcaHysi XMMHUYeCKOro B3auMo/eiCTBUS
He0OXOMUMBI JaHHBIE TI0 NHIWBUAYaTbHBIM Bellle-

CTBaM, [IBOMHBIM W TPOWHBIM COeJUHEHUSIM (CM.
Tabs1. 1). CocTaBbl IBOWHBIX U TPOHHBIX COe/IMHE-
HUU BBIpakeHbl B MOJISIPHBIX KOHIIEHTPALUSIX K-
BUBAJIEHTOB (TabJ1. 2) U HaHECEeHbI Ha TPEeYTOIbHUK
cocTtaBa (cM. puc. 1).

Tabauya 2 / Table 2

MoJisipHbIe KOHIIEHTPaLii Y)KBUBA/IeHTOB
Molar concentrations of equivalents

Touxka / Point Coeznunenue / Compound CoctaB / Compound
D, Ca,Si0; = 3Ca0-Sio, 60 % CaO +:40 % SiO,
) Ca,Si0, = 2Ca0-SiO, 50 % CaO +-50 % SiO,
D, Ca,Si,0, = 3Ca0-2Si0, 42.85 % CaO +57.15 % SiO,
D, CaSiO, = Ca0-Sio, 33.33 % CaO +:66.67 % SiO,
D, AlgSi, 0,5 = 3A1,04°2Si0, 69.23 % Al,04 +:30.77 % SiO,
D Ca;Al,04 = 3Ca0-Al,0, 50 % CaO +-50 % Al,O,
D, Ca,Al ,0,, = 12Ca0-7A1,0, 36.36 % CaO +-63.64 % Al,O,
Dy CaAl, 0, = CaO-Al,0, 25 % CaO +75 % Al,0,
D, CaAl,0, = CaO-2Al,0, 14.28 % CaO +:85.72 % Al,0,
Dy CaAl;,0,4 = Ca0-6Al1,0,4 5.26 % CaO +:94.74 % Al,O,
T, CaAl,Si,04 = Ca0-Al,04-2Si0 12.50 % CaO +:37.50 % Al,0, +:50.00 % SiO,
T, Ca,Al,S,0, = 2Ca0-Al,04-Si0 28.57 % CaO +:42.85 % Al,0,+28.58 % SiO,

[nst onrcaHusi XMMUYeCKOT0 B3aUMO/IeCTBU S
HEeo0X0IUMO B COOTBETCTBUU C 3aKOHOM SKBHUBAJIEH-
TOB [32, 33] MO/ YnTh CMECH, OTBeUarole TOUKam
5KBUBaJIEHTHOCTH, T.e. TOUKaM TepeceyeHus CTa-
OUIBHBIX U HECTAOUJTBHBIX CEKYIIUX, aHAJIOTUIHO
TPOWHBIM CUCTeMaM WU TPOWHBIM B3aUMHbBIM CH-
cremam [34, 35]. [TosToMy Ha Tpeyro/ibHUK COCTaBa
(cm. puc. 1), KpoMe CTaBHIBHBIX (CTI/IOLIHBIE THHUH),
HaHeceHbl (MyHKTUPOM) HeCTabW/IbHbIE CEeKyLue
(puc. 3). B pe3ynbraTe oTMeueHo 100 miepeceyeHU
Co cTabubHBIMK ceKyluMH. Ha puc. 3 HaHeceHbI
TOJIKO TOUKH 3KBUBAJIEHTHOCTH, B CMECSIX KOTOPBIX
TePMOIMHAMUYECKU BepOSITHBI YCIOBUS MpOTeKa-
HUs peakiuii (Tabi. 3).

Kak moka3piBatoT faHHble Taba. 3, SHTab-
MWW peaklUu AJis CTaHAAPTHBIX YCJIOBUH Ha-
xojATcsi B uHTepBaje ot —11.087 x>k (Touka 9)
mo —4912.480 k 1k (Touka 29). Suepruu ['nbbca pe-
aKkLui nMeeT MHTepBan oT —12.597 k Ik (Touka 40)
no —4745.036 kI (Touka 29).

3aKnioueHune

[HanHble pyc. 3 1 Tab/1. 3 IOKa3bIBAIOT, UTO CMe-
CH Pa3JIMYHOr0 COCTaBa Ha CTaOMIIbHBIX CEKYIUX
MOTYT OBITH TIOMyUYeHbI U3 CMecel, OTBeuaromnux
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HECKOJIbKUM HeCTaOW/JIbHBIM CeKyIuMm. Tak, s
cekyme# T,-Al,0, oTMeueHo BoceMb HeCcTabu/Ib-
HBIX CeKYILIUX (TOYKM 3KBUBajsieHTHoCcTH 31...33,
35...39), ans crabunbHol cexkymei CaSiO,;-T, Moxk-
HO OTMETHUTH CeMb HECTaOU/TbHBIX CEeKYIIUX (TOUKU
5,6,8,9, 10, 17, 18), ana cekymeii Ca,SiO,-CaAl,O,
OTMEUaeTCsl MATh HeCTAOMJ/IBHBIX CEKYIIUX (TOUKH
13, 14, 26, 27, 28), s cekymiei Ca,SiO ,-Ca;Al,Of
— YyeThbIpe HECTaOUJIBHBIX CEKYIUX (Touku 12, 16,
21, 22), nna cekyueit T,-CaSiO, (Touku 1, 2, 3) u
cekyujei Ca,SiO,-T, (Touku 7, 13, 24) oTmMeuaeTcs
TI0 TPU HeCTAOU/IBbHBIX CEKYIIUX.

Tpoiinoe coenunenue T, (Ca,Al,SiO,) mo-
KeT ObITh TosyueHo u3 cmeceit Ca,SiO,+Al,0,,
Ca;Al,04,+CaAl,Si,04, CaAl,0,+CaSiO,,
CaAl,0,+Ca,;Si,0, B cooTHomenusax 1:1.
MaxkcumanbHas 3Heprus 'mb6ca peakuuwu
AfG°298 = —189.146 x/I)x A UCXOAHOU CMeCHu
Ca,Al, 04+ CaAl,Si,O4. OnHAKO MPU NPOBEACHUM
CHHTe3a TPOWHBIX COeJIMHEHHH WU CTaOMIBbHBIX
cMeceli U3 HeCTabOU/TbHBIX HEOOXOZ[MMO YUHTHIBATD,
KaKMe peaklMM MOTYT IpOTeKaTb BHauase B CO-
OTBETCTBUM C TePMOJUWHAMUUYECKUMU JaHHBIMU
U BO3MOJXHBIM BJIUSIHUEM KWHETWUKHU B3aWMOJeM-
CTBUS.
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Puc. 3. ®a30BbIi KOMIIJIEKC CUCTEMBI (COCTaBbl — B MOJISIPHBIX KOHLIEHTPAL[HSX KBU-
BaJIeHTOB)
Fig. 3. Phase complex of the system (compositions —in molar concentrations of equivalents)

Tabauya 3 / Table 3
YpaBHeHus peakiui, TensoBblie 3¢ ekl M 3Heprun I'n6oca
Reaction equations, heat effects and Gibbs energy

TerioBoi 3¢ dekT peak- | DHeprus 'nb6ca peakuuit
Touka / ‘YpaBHeHHe peakLUU (TOUKa Ha puc. 1) / i (—AfH°298), KX / (—AIG°298,), Kk /
Point Reaction equation (point on the Fig. 1) Heat effect of reaction Gibbs energy of reaction
(AHC)9g), kJ (AG®)99), kI

1 Ca,Al, 0,4 +4Si0, = 2CaSiO, + CaAl,Si,Oq4 282.546 278.970

2 Ca,Al,SiO, + 2Si0, = CaSiO, + CaAl,Si,0Oq4 48.911 44.912

3 Ca,,Al, 04, + 19Si0,= 5CaSiO, + 7CaAl,Si, Oy 1561.762 1130.690

4 3CaAl;,0,4 + 16Si0, = 5A1,Si, 0, +3CaAl,Si, Oy 26.282 47.241

5 2Ca,Si0, + CaAl,Si, 04 = 3CaSiO, + Ca,Al,SiO, 36.777 40.106

6 Ca,SiO; + CaAl,Si,04 = 2CaSiO, + Ca,Al,SiO, 104.432 105.440
T, Ca,SiO, + Al,O, = Ca,Al,SiO, 15.481 26.832
T, Ca,Al, 04 + CaAl,Si,O4 = 2Ca,Al,SiO, 184.724 189.146
T, CaAl,O, + CaSiO, = Ca,Al,SiO, 46.443 50.857
T, CaAl,O, + Ca,Si, 0, = 2Ca,Al,SiO, 2274.631 1652.847

7a 4Ca,SiOg + AlSi,0,, = 3Ca,Si0, + 2Ca,Al,SiO, 431.787 450.553
76 3Ca0 + CaAl,Si,04= Ca,SiO, + Ca,Al,SiO, 175.854 180.941
7B Ca,Si,0, + CaAl,O, = Ca,SiO, + Ca,Al,SiO, 42.049 43.744

8 5Ca,Si0, + AlSi,0,, = 4CaSiO, + 3Ca,Al,SiO, 161.167 189.217

9 Ca,Si,0, + Al,O, = CaSiO, + Ca,Al,SiO, 11.087 19.719
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OxkonuaHue mabauywt 3 / Continuation of the Table 3

TeruioBoi 3¢ ekt peak- | DHeprus ['mb6ca peakuumit
Touka / YpaBHeHue peakuu (TOUKa Ha puc. 1) / i (—AfH°298), KX/ (—AfG°298,), KX/
Point Reaction equation (point on the Fig. 1) Heat effect of reaction Gibbs energy of reaction
(AH90), K (AG598) K

10 | 2CaO + CaAl,Si,O, = CaSiO, + Ca,Al,SiO, 129.495 133.996
11 5Ca0 + 2CaAl,Si,0g4 = Ca,Si, 0, + 2Ca,Al,SiO, 309.743 322.050
12 3Ca,SiO, + Ca,Al,SiO, = 4Ca,SiO, + Ca;Al,Of 55.018 46.962

13 | 2CaSiO, + CasAL O, = 2Ca,Si0, + CaAL,0, 101.504 98.183

14 | CaySiO; + Ca,Al,SiO, = 2Ca,Si0, + CaAl,0, 21.212 14.477

15 | 33Ca0 + 7CaAlL,Si,0, = 14Ca,SiO, + Ca,,Al,,0,, 782.121 1226.187
16 | 6Ca0 + CaAl,Si,0, = 2Ca,Si0, + 4Ca;Al,0; 166.976 172.736
17 | 3Ca,SiO; + Al Si,0, , = Ca,Si,0, + 3Ca,Al,SiO, 368.526 392.332
18 | Ca,Al0,+2Si0, = CaSiO, + Ca,Al,SiO, 233.635 234.058
19 8Ca0 + CaAl,Si,0,4 = 2Ca,;SiO, + Ca, Al O, 124.384 135.95

20 15Ca0 + Al4Si, 0,5 = 2Ca,SiO + 3Ca,Al, O 277.401 315.604
21 13Ca0 + Al4Si,0,, = 2CaSiO,, + 3Ca;Al, Oy 319.993 352.382
22 | 3Ca0 + Ca,Al,SiO, = Ca,SiO, + Ca,Al0, -88.700 -82.050
23a | 14CajAl,0+ 9Si0, = 9Ca,Si0, + 2Ca, Al 05, 446.521 1260.261
236 | 64Ca0 + 7A1,Si,0,, = 14Ca,SiO, + 3Ca,Al,,0,, 1079.650 2517.779
24 | 3Si0, + 2Ca,AlL,0, = Ca,SiO, + 2Ca,Al,SiO, 424.426 425.607
25 | 10Si0, + 5Ca,Al,04 = 2Ca,Si,0, + 6Ca,Al,SiO, 4912.480 4745.036
26 | CayAlLO; + SiO, = Ca,SiO, + CaAl,0, 144.348 140.692
27a | AlSi,0,,+ 7Ca0 = 2Ca,Si0, + 3CaAl,0O, 346.351 365.261
276 | Ca,sSiO, + CaAl,O, = Ca,SiO, + 2CaAl,O, 50.788 9.786

28 2Ca,,Al;,04, + 55i0, = 14Ca,SiO, + 5CaAl, 0, 1488.866 630.195
29 | 10Ca0 + 2Al,Si,0,, = 4Ca,Al,SiO, + 2CaAl0, 693.038 746.170
30 | Cay,Aly,04;+ Al Si,0,, = 8CaAL,0,+ 2Ca,Al,SiO, 794.788 386.101
31 | CaySi,0, + 2A1Si,0,, = 3CaAl,Si,04 + 3A1,0, 161.166 170.930
32 | Ca,SiO, + 3A1.Si,0,, = 4CaAl,Si,04 + 5A1,0, 258.988 279.077
33 | 2Ca,SiO; + 5A1Si,0,5 = 6CaAl,Si,0f + 9AL,0, 581.154 594.629
34 | 4CaO + 3AlSi,0,, = 3CaAl,Si, 04 + CaAl;,0,4 203.959 490.613
35 CaO + AlSi,0,, = CaAl,Si, 04+ 2Al,0, 139.787 142.392
36 Ca,Al,O¢ + 3A1Si,0,, = 3CaAl,Si, 04 + 7A1,0, 412.750 408.549
37 | CaAl0, + AlSi,0,; = CaAl,Si,0q + 3A1,0, 124.390 119.472
86 | 2CaSiO, + 7A1,0, = CaAl,Si,04+ CaAl,0,q -14.058 3.218

38 | AlSi,0,, + CaAl,0, = CaAl,Si,Op + 4A1,0, 138.490 87.949

39 | 2Si0, + CaAl,,0,, = CaAl,Si,0q + 5AL,0, 57.154 55.252

40 | Ca,Si,0, + 13A1,0, = CaAl,Si,04+ 2CaAl;,0 4 -11.214 12.597

41 | 3CaAl,0, + CaAL,Si,0, = 2Ca,Al,SiO,+ CaAl,,0,, 145.144 139.013
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