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Using a precursor method tricalcium aluminate (C;A) and peritectic melt
formed at the incongruent decomposition of this compound at 1808 K were
prepared. The peritectic melt consisted of 59.15 mass % CaO +40.85 mass
% Al O;. Calcium oxide used in the study was prepared by thermal decomposi-
tion of CaCO;.

Temperature dependence of the specific relative enthalpy of the peritectic
melt was determined combining the measurements of a‘“‘drop calorimetry” with
the data obtained using a calorimeter for determination of heat of dissolution.
Temperature dependences of the specific relative enthalpy of C;A and CaO
were determined on the basis of literature data and measurements of their
heats of dissolution. Values of the specific relative enthalpies of C;A, CaO, and
peritectic melt at the temperature of 1808 K were used together with the
material balance of the decomposition of C;A for determination of the specific
enthalpy of the incongruent decomposition of C;A

Ahia.au(CsA 5 1808 K) = (306 +31) kJ kg™’

Until now value of this quantity has not been calorimetrically determined.

Hcnonbs3ys MeToR mpekypcopa, GbUIM MOJyYeHbl TPUKAJIbLUHUEBbIN alOMH-
HaT (C;A) H NepUTEKTHYECKHIA pacIIaB, 06pa3yIOLMICH IPH KHKOHTPYIHTHOM
pasnoxeHun 3toro coenuHeHus npu 1808 K. ITepurexTHyeckuit pacrias
cocrosin u3 59,15 % mo macce CaO u 40,85 % mo Macce AlLO;. Oxwuch
KaJblUMs, HCHonb3yeMas B JaHHOH paboTe, NMPUTOTOBISIACH MOCPENCTBOM
TepMmudeckoro pasnoxenus CaCoOs.

Hcnonb3ys MeTOl M3MEPEHHS C NMOMOINBIO «KameNbHOW KalopUMETPHH»
B COYETAHMH C pe3yJIbTaTaMM KaJOPUMETPHYECKOTO W3MEPEHHs TEIJIOT pac-
TBOpeHMs, 6bliIa YyCTaHOBJIEHa TeMIepaTypHas 3aBUCHMOCTh creluduIecKoi
OTHOCHUTEJILHOH 3HTANBIHMH NEPHUTEKTHYECKOro pacmiaBa. TemnepaTypHble
3aBHCHMOCTH crnienuguyeckod otHocutenbHo# 3HTanbnuit C;A u CaO Gbunn
YCTaHOBJIEHbI Ha OCHOBE JIMTEPATYPHBIX JAaHHBIX M HM3MEpPEHHH HX TEIIOT
pacTBopeHHsl. BenuuuHbl cneuuduyecKNX OTHOCHTENbHBIX SHTanbnuil C;A,
CaO u nepuTeKkTHYECKOTrO pacmiasa npHu temnepaTtype 1808 K 6b11d MCnonsb-
30BaHbl BMECTE C MaTepHaJbHbIM GanaHcoM pasnoxenus C,A s onpepnene-
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HHMS crieuMdHYecKOd SHTANBLIIUKM HHKOHTPY3aHTHOro pasnoxenus C;A
Ahi,.as(CsA 5 1808 K) = (306 = 31) x[Ix xr™'

o cux nop BeJIMYHHA ITOTO MapaMeTpa He GbLIa KaJTOPUMETPHUYECKH onpefe-
neHa.

Tricalcium aluminate (C;A) is one of the most important clinker minerals in
portland cement. (In the formula C;A C stands for CaO and A for AlLO;.)
Determination of the heat of its incongruent decomposition is a contribution to the
enthalpic analysis of the system CaO—A1,0;—SiO, which is important in technol-
ogy of cement, glass, and formation of slags in blast furnaces.

C;A decomposes incongruently at the equilibrium temperature 1808 K into CaO
and a peritectic melt. Composition of the peritectic melt (per. melt) was taken from
the phase diagrams of the systems CaO—AI,Os [1] and CaO—AI,0,—SiO; [2],
respectively. It follows that the peritectic melt contains 59.15 mass % CaO + 40.85
mass % Al Os. It should be pointed out that this composition is influenced by the
presence of water vapours in the atmosphere. If the atmosphere contains no water
vapours [3] the content of AL,O; in the peritectic melt increases approximately by
2 mass % and content of CaO lowers by 2 mass % in comparison with the
composition given above. In this paper we shall use the composition of peritectic
melt corresponding to the presence of water vapours because this is closer to the
conditions met in corresponding technologies.

For determination of the heat of incongruent decomposition of C;A undirect
calorimetric method was used. At this method we need to know the material
balance of the decomposition reaction and the values of relative enthalpies of C;A,
peritectic melt, and CaO at the equilibrium temperature 1808 K. Decomposition of
1 kg of C;A into peritectic melt and CaO is represented by the reaction scheme

1 kg CGGA — 0.9238 kg per. melt+0.0762 kg C (A)

According to (A) the specific enthalpy of decomposition of C;A at the temperature
of 1808 K (it is denoted Ah;a..ai(CsA ; 1808 K)) can be calculated on the basis of
the Hess law

Ahiy.6:(C:A ; 1808 K) hee(per. melt; 1808 K)

K kg =0.5238 K kg
he(C; 1808 K) - hia(C5A ; 1808 K)
+0.0762 =5 5 1 Tt (1)

The values of the specific relative enthalpy (h..) of C;A, of the peritectic melt,
and of CaO at the equilibrium temperature T.,= 1808 K were calculated from the
temperature dependences of the specific relative enthalpies of corresponding
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phases. Temperature dependence of the specific relative enthalpy of the peritectic
melt was derived from experimental data which were obtained by the method of
“double calorimetry applied to the same sample”.

This method [4, 5] consists in summing the changes in specific enthalpy (taken
with reverse sign) measured at cooling of the sample from chosen temperature to
298 K in a drop calorimeter (Ahco) and the change in enthalpy at the dissolution
of the same cooled sample at the temperature of 298 K in a calorimeter for
determination of the heat of dissolution (A hs.)

hrel = = (Ahcool + Ahsol) (2)

Temperature dependences of specific relative enthalpies of C;A and CaO were
determined from the temperature dependences of their specific enthalpic content
[6] and from their heats of dissolution measured in the same solvent as was used for
determination of the specific heat of dissolution of the peritectic melt.

Relationship (1) provides also a background for calculation of the error in the
determination of the value of the specific enthalpy of the incongruent decomposi-
tion of C3A (6(Ahin.ais(CsA))). This quantity was calculated from errors in
determination of the specific relative enthalpies of the phases coexisting at
decomposition of C;A on the basis of the Gauss law of propagation of error

(8 w(CoA)) = TV (X) - 6(halO)P 3
where w(X) is the mass fraction of the corresponding phase X in the reaction

scheme (A).

Experimental
Preparation of samples

The samples used for measurements in this work were prepared (with exception of CaO)
by a precursor method [7].

Preparation of aluminate phases

For preparation of C;A and of the peritectic melt the following chemicals were used:
CaCO; (Specpure, JMC) and metallic aluminium (purity for semiconductors — 99.999 mass
% Al, produced by the Research Institute of Metals, Panenské Bfezany). C,A was prepared
from mixture of amorphous solid oxides (these were prepared by precursor method) by
heating the mixture first at the temperature of 1000 °C for 1 h and then at 1300 °C for 4 h.
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The peritectic melt (composition: 59.15 mass % CaO +40.85 mass % ALO;) was
prepared by heating the homogeneous mixture of solid oxides in the sealed crucible
(PtRh10) at the temperature of 1650 °C for 4 h.

Preparation of CaO

For preparation of calcium oxide CaCO, (Specpure, JMC) was used. The samples of
CaCO; were gradually heated to 900 °C and the obtained product was further once or twice
heated at 1300 °C for 4 h. One value of the heat of dissolution of CaO was obtained with the
once heated sample (denoted as A) and three values of Ah,., of calcium oxide were obtained
with the twice heated sample (denoted as B). Prepared calcium oxide was stored in
desiccator filled with P,O; in argon atmosphere.

Apparatus

For the measurement of the change in enthalpy at cooling the sample of the peritectic melt
from the chosen temperature to 298 K a drop calorimeter was used [8)]. Heats of dissolution
of the products obtained by cooling the peritectic melt (after measurement in the drop
calorimeter) as well as the heats of dissolution of C,A and CaO were measured in the
calorimeter designed for the determination of the heats of dissolution at the temperature of
298 K [9]. Diluted hydrochloric acid (1 volume part of HCl (w(HCl)=35—38 %) was
mixed with 1 volume part of H,O) was used as the solvent.

Results and calculations

Determination of the temperature dependence of the
specific relative enthalpies of C3A (hiee (C:A; T))
and of CaO (h,.., (C; T))

Temperature dependences of the enthalpic content of C;A and CaO were
calculated by using data from tables [6]

Cu(T, pam)=A +B 10T+ C-10°T*+D 10~°T* (4)

where C. is the molar heat capacity and A, B, C, D are the constants. By
integration of eqn (4) in the temperature limits To=298 K and T the following
relationships for the temperature dependences of Ahcoo(CsA; T) and
Ahcooo(C; T) were obtained (the symbol ¢ indicates that the values correspond to
the mean of experimental data)
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= Aheoao(CAT) 3.434x10°+9.291x 107! I+

kJ kg™ K
T2 T—l
+5'803XI0_5F+1'8284XI04R—‘—‘ (%)
Ay I (O T)_ _ 2 -1 I
——kJ kg" =—-3.090x 10>+ 8.855x 10 K+
-1
‘!'4.0316)(10—5I—(T—Z-l"l.239:‘))<10"’[1(.'—_l (6)

The heats of dissolution of C;A and CaO at 298 K were determined with
the dissolution calorimeter. The negative values of the heats of dissolution
(— Ahs(CsA) and — Ah,(C)), the arithmetic mean of the experimental values of
the specific heat of dissolution of C3A (— Ahsa,6(CsA)) and of CaO (— Ah,a,o(C))
and the errors in the determination of these quantities &(Ahsoe(CsA)),
6(Ahso4(C)) are presented in Tables 1 and 2.

The errors in Ah,o(CsA) and Aho(C) were determined as errors of the

Table 1
Experimental values of the specific heat of dissolution of CsA at T =298 K and error in determination
of this quantity
— Ah.o(C5A) — Ahsaro(C5A) 6(Ah.oo(CsA))
kJ kg™ kJ kg™ kI kg™*

3115 3130 18

3128

3134

3141
Table 2

Experimental values of the specific heat of dissolution of CaO (samples A and B) at T =298 K
and error in determination of this quantity

— Ahu(C) = Ahoe(C) 8(Ahsoo(C))
kI kg™ kJ kg™* kI kg™

3536 (A) 3533 26
3523 (B)

3518 (B)

3555 (B)

Chem. Papers 39 (1) 3—13 (1985) 7



K. ADAMKOVICOVA, L. KOSA, $. PORVAZ, 1. PROKS

arithmetic mean of the specific heat of dissolution using the ‘“‘Student distribution
of errors”. The Student coefficient for the corresponding number of measurements
on the level of reliability (1 — a)=0.95 was taken from tables.

After adding the negative value of the arithmetic mean of the specific heat of
dissolution of C;A from Table 1 to the right hand side of eqn (5) we obtain for the
temperature dependence of the specific relative enthalpy of C;A the relationship
(7). Adding corresponding value for CaO from Table 2 to eqn (6) we obtain the
relationship (8)

haol GBS T) _ 5 7866 x 10°+9.291 x 10~ L+

KJ kg K
T? T-!
+5.803X 107 5+ 1.8284 X 10* g (7)
%Cg’_,n=3.224x 10°+8.855x 10~ %+
TZ T-l
+4.0316X 107 25 +1.2393 X 10* 2= (8)

The errors in the experimental determination of the specific relative enthalpy of
CsA and CaO are

8(hie(C:A; T)) _ 23
kJ kg™!

s e

30

respectively. The errors were calculated from the errors in determination of Ak
and Ah,, of corresponding phases using the Gauss law of propagation of errors. As
in the tables [6] the coefficients of the temperature dependence of the molar heats

are presented without information on error, it was assumed that the relative error
of Aheo is 1 % for both C;A and CaO.

Determination of the temperature dependence of the
specific relative enthalpy of peritectic melt (Rca.o(per. melt; T))

For determination of the temperature dependence of h...q(per. melt; T) it was
necessary to measure the changes in enthalpy Ahwo at cooling the melt from
chosen temperatures to 298 K in the drop calorimeter. Because of the changes in
phase composition of the peritectic melt during cooling it was also necessary to
determine the heat of dissolution of products of its cooling.

The negative values of Ah..(per. melt) measured in the temperature interval
(1845 K; 1944 K) are presented in Table 3.
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Table 3

Measured values of — Ahcool, — Ahsole, and h. of the peritectic melt and calculated values of
h..o(per. melt) at chosen temperatures in the interval (1845 K ; 1944 K)

— Ahoa(per. melt)  — Al o(per. melt) h..(per. melt) hreio(per. melt)
K kJ kg™ kJ kg™ kJ kg™ kJ kg™
1845 1978 3039 5017 5023
1876 2054 3029 5083 5064
1896 2070 3018 5088 5091
1913 2093 3004 5097 5114
1944 2191 2972 5163 5155

For each sample heat content of which was measured in the drop calorimeter
three or four values of the heat of dissolution were determined. (The cooled
samples were crushed and sifted through the screen having diameter of the mesh of
0.04 mm.) The negative values of the arithmetic means of the specific heats of
dissolution of products of cooling of the peritectic melt (— Ah.u4(per. melt)) are
presented for given temperatures in Table 3.

The values of the specific relative enthalpies (h..(per. melt)) at each tempera-
ture of the studied temperature range (which are presented in Table 3) are
calculated as a sum of changes of enthalpies measured with the drop calorimeter
(— Aheoo(per. melt)) and the arithmetic means of the heats of dissolution
(— Ah.ao(per. melt)).

On the basis of the values of h.(per. melt) measured at different temperatures
the temperature dependence of the specific relative enthalpy of the peritectic melt
was calculated using the least-squares method

hoa, w(l;ejfkm_";“ 1) 2.5515x10°+1. 3395 I (9)

The values h...o(per. melt) calculated for chosen temperatures from the relation-
ship (9) are given in Table 3. The error in determination of the specific relative
enthalpy of the peritectic melt was determined as the error of the regression
equation (9) considering ‘‘Student’s coefficient” and it equals

6 (h.eo(per. melt; 1) _
KJ kg !
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Calculation of the enthalpy of incongruent decomposition of C;A at the equilib-
rium temperature T.,= 1808 K

The values of the specific relative enthalpies of C;A, peritectic melt, and CaO,
respectively, calculated according to the relationships (7), (9), and (8) at the
temperature 1808 K are presented in Table 4. Introducing the values of h.e,o(X;
1808 K) of corresponding phases into the relationship (1) we obtain the value of
the specific enthalpy of incongruent decomposition of C;A at the temperature
T.,=1808 K

Ahinaine(CsA ; 1808 K) = (306 +31) kJ kg™* (10)

After converting this result to the amount of substance we obtain the value of the
molar enthalpy of incongruent decomposition of C;A

AH mnaino(CsA ; 1808 K) = (83 + 8.4) kJ mol™* (10a)

Table 4
Values h:.o(X ; 1808 K) of CsA, peritectic melt, and CaO

Heee(X 5 1808 K)

X
kI kg™*
CA 4666 £23
Peritectic melt 4973 +£23
C 4964 £+ 30

Fig. 1 shows the temperature dependences of the specific relative enthalpies of
single phases multiplied by corresponding coefficients following from the reaction
scheme of the incongruent decomposition of C;A (A) and the measured values of
h.a(per. melt) multiplied by the mass fraction 0.9238, respectively. The value of
Ahi.4is(CsA) is given as a difference of the specific relative enthalpy of products of
decomposition (point 4) (w(per. melt) - h..(per. melt; 1808 K)+ w(C) - h.(C;
1808 K)) and of the specific relative enthalpy of C;A at the temperature of 1808 K.

Dividing eqn (10) by T., we obtain the value of specific entropy of the
incongruent decomposition of C;A

ARinais,o(CsA ; 1808 K)
1808 K -

=(169+17) J kg ' K! (11)

AsinAdis,w(CSA 5 1808 K) =
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Fig. 1. Temperature dependence of the term T T T T T T
w(X) - hea(X).
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temperature of 1808 K.
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Similarly the molar entropy of the incongruent decomposition of C;A equals

ASinano(CsA ; 1808 K) = AH“‘-‘“-"“-;g%;AIé 1808 K) _ (46 +4.6) J mol-! K-
(11a)

Discussion

The values of the specific relative enthalpies of C;A and CaO at the temperature
1808 K are determined both by the sum of Ah.. of these phases and their heats of
dissolution Ah.,. The values of the specific heats of dissolution of these phases
determined in this work are as follows

= Aheoo(CsA) = (3130 £ 18) kJ kg™*
— ARy o(C)=(3533+£26) kI kg!
These values can be compared with the data presented in paper [10]
— AN o(C3A) = (3089.8 £ 0.6) kJ kg™
— ARy o(C)=(3541.9 £ 2.2) kJ kg™*

In the work [10] the heats of dissolution of C;A and CaO were measured in diluted
HCI of another concentration (approximately 1 volume part of HCl (w(HCl)=
35 %) in 2 volume parts of water) than that used in this work. Also the
temperature of the solvent was different, viz. 303 K. Despite that the agreement
between these two sets of data is good.
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Choice of the data for estimation of the temperature dependence of the molar
heat used for determination of the function Al ..(X)=1f(T) of C;A and CaO (the
data from tables [6] were used) also influences the values of h.. of these phases at
the equilibrium temperature 1808 K. When the temperature dependence of
Cn(C; T, pam) was taken from tables [11] we obtained for specific enthalpy of CaO
at 1808 K the value h..,(C; 1808 K) =4952 kJ kg~*! which differs from the value
h.eo(C; 1808 K)=4964 kJ kg™ given in Table 4. However, with respect to the
low mass fraction of CaO in the material balance of the decomposition of C;A this
difference would influence the value of Ahingi.o(CsA ; 1808 K) only by 1 kJ kg™".

Also choice of the regression relationship for representation of the temperature
dependence of h....(per. melt; T) influences the value of h....(per. melt; 1808 K).
In this work a linear regression was chosen because the values of h..(per. melt)
were measured in a relatively narrow temperature interval (1845 K—1944 K).

Calculated value of the enthalpy of incongruent decomposition of C;A depends
however, also on the material balance of decomposition of C;A. This balance is
determined by the composition of the peritectic melt. In this work we considered
the composition of peritectic melt as it is presented in [1] and [2], respectively, as
these data are closer to technological conditions than those presented in [3] which
were measured in the atmosphere containing no moisture. If the calculation of
Ahinaino(CsA) was carried out with the composition of peritectic melt and
equilibrium temperature presented in [3] (T.,= 1812 K) (and assuming that for the
temperature dependence of h...(per. melt; T) still the relationship (9) can be
used) we would obtain Ahinaso(CsA ; 1812 K)=307 kJ kg™'. This value differs
only negligibly from the value of Ahinaiso(CsA; 1808 K)=306 kJ kg™' (see eqn
(10)), which can be explained by the fact that the values of the relative enthalpies
of products of decomposition of C;A, i.e. CaO and peritectic melt, are rather close
at the temperature of decomposition of C;A (Table 4).

The value of Ahinqis0(CsA) was determined in this work with relative error of
10 % (relationship (10)) despite of that the relative error of determination of the
specific relative enthalpies of single phases taking part in the decomposition of C;A
is lower than 1 % (the biggest relative error corresponds to CaO, viz. 0.6 %).

The values of AHpnais(C3A) presented in literature differ substantially from the
value of this parameter determined in this work. In paper [12] the value
AH,.nas(CsA) of 150.7 kJ mol ™" is given. It is not clear, however, if this value was
estimated or taken from literature. Close to the latter value are the data from the
recent work [13]. These authors found AHgnais(CsA)=157 kJ mol™*, which
differs from the value of AHnas(CsA) determined in this work by 82 %—90 %.
(In the cited paper also the values for CA and CA; are presented.) All these data
were calculated from liquidus curves of the system CaO—AIO; s and no informa-
tion about error of these data is given.
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