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Abstract

The present paper addresses the vapour phase in equilibrium with the compounds of the stable Al,03;—Al4C; system, between 25 °C and 1827 °C.
The volatilisation of each of them into any of five gaseous species referred to as [Al,O,], is described in terms of an activation energy and a pre-
exponential term; for Al,O3, also sublimation is modelled on the basis of rare vapourization data. At least up to 1300 °C, the relative importance of
the various [Al,O,] derives from the activation energies necessary to form them; above 1300 °C, both activation energy and pre-exponential terms
are influential. Activation energies increase with increasing ratio y/x in [AL,O,], from approximately 365 kJ mol™" for [Al] to about 900 kJ mol~!
for [AlO,]; the effects of temperature and mole fraction Al,O; are investigated. Up to almost 1807 °C, [Al] is the predominant species regardless
of carbon monoxide pressure, and thus the most likely intermediate in processes involving vapour phase reactions. Solid—vapour equilibria are

illustrated in a volatility diagram at 1787 °C.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Full understanding of the Al,O3—Al4C3 system requires
description of all condensed phases in stable or metastable equi-
librium states, and also of the vapour phase, which may consist
of several species differing in composition and partial pressures.
The vapour phase is of prime importance in materials’ process-
ing: during sintering of ceramics it is involved in weight losses
through volatilisation, and/or in vapour phase transfer reactions
leading to grain coarsening that prevents densification'; in met-
allurgical processes it creates the oxidation or reducing potential
which makes a chemical reaction occur when diffusion and
overall kinetics are favourable enough.

Unlike Al,O3, Al carbide and oxycarbides are lesser-known
materials. The crystal structures of Al4Cz and Al4O4C are
described in Refs. [2—4] and well recognized. The situation with
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AlLOC is less precise because, although it was shown in Parts
I and II (Refs. [5,6]) that this oxycarbide is stable only above
1710.038 °C, its lattice parameters’~!! and even some thermody-
namic properties are often indicated at room temperature. This
is mainly due to the similarity of Al,OC with other wiirtzite
compounds,'? especially AIN, of which a minor amount as a
solute suffices to prevent eutectoid decomposition at 1710 °C,
i.e. stabilizes the compound as a (Al,OC);_,—(AIN), solid
solution; another possible explanation is the out-of-equilibrium
cooling of the compound following its high temperature forma-
tion, which is also a stabilising route. The occurrence of Al,OC
in a metastable Al,O3—Al4C3 system, and the stabilizing influ-
ence of AIN have both been demonstrated!? and may be further
analysed in future supplementary papers, in view of the current
thermodynamic knowledge and other more recent data.

Earlier experiments'* performed in a high temperature,
graphite tube electrical furnace showed that alumina and car-
bon reacted in a way determined by temperature. At extremely
high values, volatilisation, within a few minutes, of all Al,O3
and of some graphite was observed, followed by condensation,
on each side outside the heating element, of a crystalline felting
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of carbon and alumina, and minor amounts of metallic Al on
yet colder parts of the equipment. At lower values, however still
above 2000 °C, mixtures of Al,O3 and starch within a graphite
tube reacted to form a substantial Al deposit, enclosing lamel-
lae of aluminium carbide and covered by a thin carbon layer
resulting from the condensation of the vapour filling the tube.
Later, mass spectrometer studies!’ of Al,O3 identified Al, Al,O,
AlIO and Al,O, as the main Al-containing gaseous species;
the additional AlO, (g) was included here due to previous
theoretical foundations'® and calculations.!” All these species
are mentioned in a number of recent thermodynamic analyses
and investigations of the Al,O3—Al4C3, alumina—graphite or
Al,O3-SiC systems, e.g. Refs. [18-22] with sometimes oppo-
site conclusions about the equilibrium vapour phase. This can be
witnessed for the Al;O3—Al4C3 system, where one study found
DCO,s PO,s DAL, and pajo values to be negligible compared
to the paj and pco values,'® while another insisted that apprecia-
ble amounts of Al,O were present in the Vapour.19 In addition,
solid Al,03%3 and oxycarbides Al;04C and Al,OC?* have been
reported to have high vapour pressures above 1700 °C, without
precise values being mentioned. Based on thermodynamic data
listed® in Part I, the present paper attempts to clarify the situ-
ation and describes the volatilisation of the stable compounds
of the Al,O3—Al4C3 system into various Al-containing gaseous
species, up to 1826.85 °C; for alumina, sublimation is included
in the development, following estimation of a probable phase
equilibrium diagram for this component.

Determining the pressure of any gaseous species formed by
volatilisation from a solid compound makes use of the well-
known temperature-dependent equilibrium constant K, such
that Ln K, = —A,G°/RT, where R is the perfect-gas constant,
and is shown to develop into an Arrhenius-type equation which
includes a pre-exponential term and an activation energy for
volatilisation. The magnitudes of the different partial pressures
depend primarily on the latter, so that in most situations the
major gas species is Al, closely followed at higher tempera-
tures by Al,O; AlO and Al,O; are less important by several
orders of magnitude, and so is AlO, relative to the latter two.
More precisely, it is shown that below 1806.65°C, Al is the
major vapour species whereas above, Al,O is more important,
yet only over quite limited ranges of carbon monoxide pressures;
the Al,O3 vapour pressure only slightly exceeds 1.1 x 107> atm
at 1827 °C.

The ease to graphically represent any solid—gas system at
equilibrium increases when the number of degrees of freedom,
or so-called variance v, diminishes, so that univariant (v=1) and
divariant (v=2) reactions are most convenient. In this respect,
several forms of essentially equivalent graphs exist, including
reducing potential>> and volatility?® diagrams. Here the second
form is more suitable due to the variety of gaseous species, and
is illustrated at 1786.85 °C.

2. Rationale
Compounds and vapour species entering the study are rep-

resented in Fig. 1 within the three — independent — constituent
system Al-C—(1/2)0;-Al,03, Al4Cz, Al404C, Al,OC and C

1/7 A|4C3

1/4 Al,OC :
% < Vg AlLO4C

12[0;]

]

15[CO 1/31C0,]

Fig. 1. Unit solid and gaseous species dealt with in this paper, in unit ternary
system Al(g)-C(s)—(1/2)Ox(g).

(graphite) are solid at all temperatures between 25°C and
1827 °C, and no specific mark is used to specify their physi-
cal state; for distinction the gaseous species are written with
brackets, e.g. [Al]. Advantageous sets of independent intensive
parameters making it possible to quantify the various equilib-
ria include temperature as an obvious prominent choice, and
partial pressure of either carbon monoxide, oxygen or carbon
dioxide, because thermodynamic laws of equilibria are such
that the partial pressure of any Al-containing species, [Al,Oy],
can be expressed as a function of temperature and either one
of these three connected parameters (it is straightforward that

Table 1
Standard Gibbs free energies of formation, in S.I. units (J, mole, K)
[CO]
25-660°C —110299.5046 — 90.1966T
660-1227°C —113462.3097 — 86.8694T

1227-1827°C
[Al]

—117172.0234 — 84.4077T

25-660°C 324997.8783 — 132.6074T

660-1227°C 307588.7524 — 113.8454T

1227-1827°C 301565.0874 — 109.8375T
[AL,0]

25-660°C —135823.6977 — 88.1883T

660-1227°C —171366.8773 — 49.5051T

1227-1827°C —182198.5560 — 42.2958T
[AlO]

25-660°C 80750.0000 — 80.3333T

660-1227°C 63138.1539 — 61.6997T

1227-1827°C 58313.3046 — 58.4580T
[ALLO]

25-660°C —410600.0000 + 8.6667T

660-1227°C —444488.2362 +45.7347T

1227-1827°C —452545.6240+51.0986T
[AlO;]

25-660°C —184997.6520 — 9.8160T

660-1227°C —199544.3242 + 5.8026T

1227-1827°C —203404.8611 +8.3665T
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Table 2
Functions log PIALO,] = (alb)log picoy + (=B +AT)/[b(Lnjg) x 8.314T], in stable system Al,O03—-Al4C3
Compound [ALO,] a b B A
660-1227°C 1227-1827°C 660-1227°C 1227-1827°C
[Al] -3 2 1,966,454.8282 1,935,210.4339 818.5545 797.7805
[Al,0] -2 1 1,293,372.7558 1,267,053.7265 553.4994 535.9936
Al,O3 [AlO] -1 2 1,704,478.2506 1,683,050.9151 540.5243 526.2061
[Al,0,] -1 1 1,133,713.7066 1,113,878.6819 371.3902 358.1915
[AlO;] 1 2 1,406,037.9138 1,393,958.6305 231.7809 223.7417
[Al] 0 4 1,493,794.3320 1,468,434.2939 555.9659 539.2002
[Al,0] 2 2 147,630.1872 132,120.8791 25.8557 15.6264
AlyCs [AlO] 4 4 969,954.1768 964,115.2563 —0.0945 —3.9486
[Al,0;] 4 2 —171,687.9112 —174,229.2101 —338.3627 —339.9778
[AlO;] 8 4 372,960.5032 385,930.6871 —617.5813 —608.8774
[Al] —4 4 3,130,971.1902 3,080,858.4003 1276.7279 1243.4407
[Al,O] -2 2 1,784,807.0454 1,744,544.9855 746.6117 719.8669
Al404C [AlO] 0 4 2,607,018.0350 2,576,539.3627 720.6675 700.2919
[A1,05] 0 2 1,465,488.9470 1,438,194.8963 382.3993 364.2627
[AlO;] 4 4 2,010,137.3614 1,998,354.7935 103.1807 95.3631
Compound [AlOy] a b B (T'-1827°C) A (T'-1827°C)
[Al] 1 2 1,100,999.8644 427.3593
[AlLO] 0 1 432,843.1570 165.5724
Al,OC [AlO] 1 2 848,840.3456 155.7849
[Al,0O5] 1 1 279,668.1124 —12.2297
[AlO;] 3 2 559,748.0610 —146.679

to any given carbon monoxide pressure there correspond both
an [O;] pressure, via the reaction C+(1/2)[O2]=[CO], and a
[CO,] pressure, via the reaction C + [CO,] =2[CO], at any given
temperature). The relevant thermochemical functions needed to
quantify the various equilibria have been calculated® in Part I;
for convenience, their linear counter-parts, which have been
shown to provide adequate precision, have been utilized in
the following calculations. The additional standard Gibbs free
energies of formation, listed in Table 1, were obtained from
Janaf!”?; also for convenience, all pressures are expressed in
atmospheres (atm). Not mentioned in Table 1 is the standard
Gibbs free energies of formation of [CO;], for which a con-
stant value,—396,400J mol—!, was assumed in the temperature
interval 1227-1827 °C, in excellent agreement with Ref. [17].

3. Results
The aforesaid expressions of log pyai,0,) are listed in Table 2

for the temperatures above the melting point of aluminium
(660 °C); below, equilibrium vapour pressures can be shown

to be much less significant. The range of carbon monoxide pres-
sures in equilibrium with each stable compound is imposed by
the reactions of Table 3, in such a manner that, for Al4Cs, its
upper limit is pjcoy.d,» P[cOl.d, OF P[co],c. While for AlLOj3 its
lower limit is p[co},a, OF P[CO],a,» depending on temperature.
For Al,OC this range is limited by reactions (b) and (c), whereas
for Al404C it is established either by picoy,a, and picoy,q,» or
by picoy,a,> P[CO].d, and pcoyp according to whether the tem-
perature range is 660-1227°C, 1227-T" or T'-1827 °C, with
T'=1710.038 °C. Thus, substituting log prcoj of Table 2 with the
appropriate expression of Table 3 makes it possible to determine,
as functions of temperature, the pressures of all Al-containing
species in equilibrium with the various stable compounds of the
Al>O3-Al4C5 system, for the particular carbon monoxide pres-
sures of the univariant reactions of Table 3. Table 4 indicates
these at three temperatures, 786.85 °C, 1286.85 °C and 1786.
85°C, and Fig. 2 depicts at 1786.85 °C the equilibrium pres-
sures of Al-containing species, as defined by Tables 2 and 3,
in the range of carbon monoxide pressures between 0.0631 atm
and 0.2512 atm.

Table 3

Functions log picoy,i =(—D+ CT)/[2(Lnjg) x 8.314T], for the univariant reactions of stable system Al,O3—-Al;C3

Reaction Temperature range (°C) picoy,i (atm) D C
(a1)2Al1,03 +3C=Al1,04C+2[CO] 660-1227 PICOl,a 801,938.4662 360.3751
(a2)2A1,03 +3C = Al404C +2[CO] 1227-1827 PICOLa 789,562.4675 352.1203
(b)Al404C +3C=2Al1,0C +2[CO] T-1827 PI[COLb 878,858.6715 388.7221
(¢)2A1,0C +3C=Al4C3 +2[CO] T-1827 PICOlc 733,565.4349 315.5184
(d;)Al404C+6C = Al4C3 +4[CO] 660-1227 P[COld; 818,588.4291 360.3810
(d)Al404C + 6C = Al4C3 +4[CO] 1227-T PICOl.d, 806,212.0532 352.12025
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Table 5
Calculated [Al,O3] sublimation vapour pressures at some temperatures

T (°C)+0.15 PIALO;] (atm)
1427 1.91 x 107
1627 2.30 x 1077
1727 1.76 x 107
1787 5.44 x107°
1827 1.11 x 1073

tion with Eq. (1), yielding 2053.989 K and 4.0565 x 10~* atm,
and thus determining for the solid—vapour equilibrium, the fol-
lowing approximate equation:

643247

Ln pia1,0;] = 25.4364 — 2)
Some Al;O3 sublimation vapour pressures, in the tempera-
ture interval of interest, are listed in Table 5.

4. Discussion

Thermodynamic data of Table 1, joined with standard
enthalpies of [O;] dissociation and [H, O] formation, as obtained
from Ref. [17], are compared with those from other refer-
ences in Table 6. As can be seen, agreement with Ref. [34]
is satisfactory for the standard heats of formation and excel-
lent for the heats of dissociation; agreement with the heats of
reaction of Ref. [35] is less satisfactory, because of arguable
thermodynamic evaluations there. It is shown that standard
heats of formation have substantial negative temperature coeffi-
cients, especially in the lower two temperature intervals, unlike
heats of dissociation which are essentially temperature inde-
pendent, what attests to the high stability of [Al,O], [AlO]
and [Al;O2] molecules. The room-temperature dissociation
enthalpy of [AlO], reaction (g), corresponds to 5.114 eV/mol, in
good agreement with 5.240 eV reported elsewhere.>® Reactions
(k)—(n) are all highly endothermic, with negative temperature
coefficients.

Substituting log p|coj in Table 2 with the corresponding equa-
tions of Table 3 results in pressures that can be written as
F

Ln pat,0, 1 timic = H — RT v

where, using the notations of Tables 2 and 3, H=(2A +aC)/2bR
is a positive constant and F={[(aD+2B)/2b], also>0, is
the activation energy necessary to form each Al-containing
gaseous species by volatilisation from the stable precur-
sors of the AlpO3—Al4C3 system. Both of these are listed
in Tables 7A and 7B, in the various temperature inter-
vals; an equivalent formulation of Eq. (3) is evidently
PIALLO,],limit = PO exp(—F/RT), with py =exp H. Table 7A shows
that regardless of temperature and solid compound, activa-
tion energies significantly increase with increasing ratio y/x in
[Al,Oy], the intervals (kJ mol—1) varying from 330.8-381.8 for
[Al], to 432.8-491.4 for [A],0], 607.8-651.8 and 646.4-719.1
for [AlO] and [Al;O3], and finally 830.0-939.0 for AlO;.
According to this sequence, the sublimation enthalpy of
AlpO3 should be expected to range between the intervals
607.8-719.1 kI mol~! and 830.0-939.0kJ mol~!, and thus to be
somewhat larger than the value of 643.25kJmol~! established
in Eq. (2); thus there may be some uncertainties attached to the
vaporization pressures and normal boiling point of Al,O3 used
in the above evaluation. Another common trend is the decrease,
as temperature increases, of the activation energy necessary to
form any given gaseous species from the same precursor (small
for [Al], more pronounced for the other species), except for
[AlO;] vapourised from Al4O4C, where an increase is observed
above T'. The influence of composition is diverse since in the
first two temperature intervals, the activation energies of the dif-
ferent vapour species either slightly increase ([Al], [Al>O]), are
unchanged ([AlO], [Al,O5]), or slightly decrease ([AlO»]), with
increasing Al O3 mole fraction. Above T, the activation energy
to form any vapour species from Al,O3 is always higher than
from Al4C3. When oxycarbides have an effect on activation ener-
gies, they act as increasers with increasing AlpO3 mole fraction,
except for [Al] from AlL,OC and [AlO;] from Al;O4C. Below
T, the pre-exponential terms of Table 7B (more precisely their

Table 6

Comparison of standard enthalpies of formation, dissociation and reaction

Type of reaction Species or reaction Reference, T'(°C) A¢H° This study

25-660°C 660-1227°C 1227-1827°C

Standard formation [AlO] [34], 25 87,027 80,750 63,138 58,313
[ALLO] —138,072 —135,824 —171,367 —182,199
[Al, 0] —389,530 —410,600 —444,488 —452,546

Dissociation (e)[ALL,O] — [AlO] +[Al] [34],25 548,104 £20920 541,572 542,094 542,077
(DIAIO] — [Al] + % [02] 244,248 244,451 243,252
(2)[AlO] — [Al] +[O] 481,160 £ 20920 494,918 497,696 498,103
(h[ALO] — 2 [Al] + % [02] 785,819 786,544 785,329
(H)[ALO] — 2[Al]+[O] 1,024,243 £ 29288 1,036,489 1,039,789 1,040,180
(HIALLO2] — 2[AlO] 564,840 420920 572,100 570,765 569,172

Reaction with [H;] (k)Al,03 +3[Hz] — 2[Al] + 3[H,0] [35], 1726.85 1,514,608 1,593,008 1,560,385 1,533,325
()AL, O3 + 2[H2] — [ALL, O] + 2[H, 0] 941,400 1,051,382 1,022,660 999,130
(m)ALL O3 +[H2] — 2[AlO] + [H20] 1,301,224 1,592,900 1,569,122 1,549,089
(n)AlL03 + [H2] — [Al,O2] + [H20] 903,744 1,020,800 998,357 979,917
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Table 7A
Activation energies F (kJ mol~!) necessary to form various species by volatilisation in stable system Al,03—Al4C3
[Al,Oy] 660-1227 1227-T T7-1827

AlyCs Al,04C AL O3 AlyC3 Al04C ALO3 AlLCs AlLOC Al,04C AL O3
[Al] 373.4 373.4-381.8 381.8 367.1 367.1-375.4 375.4 367.1 367.1-330.8 330.8-375.4 375.4
[ALO] 483.1 483.1-491.4 491.4 469.2 469.2-471.5 471.5 432.8 432.8 432.8-477.5 471.5
[AlO] 651.8 651.8 651.8 644.1 644.1 644.1 607.8 607.8-644.1 644.1 644.1
[ALO3] 732.7 732.7 732.7 719.1 719.1 719.1 646.4 646.4-719.1 719.1 719.1
[AlO;] 911.8 911.8-903.5 903.5 902.7 902.7-894.4 894.4 830.0 830.0-939.0 939.0-894.4 894.4
Table 7B
Values of H for different vapour species and stable precursors in stable system Al,O3-Al4C3
[AL,Oy] 660-1227 1227-T T-1827

AlyCs Al;04C AL O3 AlyCs AlLO4C ALO3 AlyCs AlLOC Al404C AL O3

[Al] 16.7178 16.7178-16.7181 16.7183 16.2136 16.2136 16.2136 16.2136 16.2136-14.0124 14.0124-16.2136 16.2136
[ALO] 23.2281 23.2281-23.2277 23.2288  22.1161 22.1161 22.1161 19.9149 19.9149 19.9149-22.1161 22.1161
[AlO] 21.6703  21.6703 21.6705  21.0576  21.0576  21.6705 18.8564 18.8564-21.0576 21.0576 21.0576
[ALO,] 229973  22.9973 229977 219066  21.9066  22.9977 17.5041 17.5041-21.9066 21.9066 21.9066
[A1O;] 247758  24.7758-24.7754 247756 24.0439  24.0439  24.7756 19.6415 19.6415-26.2451 26.2451-24.0439 24.0439

Napierian logarithm) strongly depend on x and y and are nearly
independent of the solid precursor; the only exceptions are for
[AlO], [Al,O7] and [AlO,] between 1227 °C and T, where a
significant increase is observed. Above T, they vary exactly as
do the activation energies.

Actual values displayed in Table 4 represent the decimal
logarithms of PIALO,] and/or PIAL,O,],limit in equilibrium with
the various stable compounds of the Al,O3—Al4C3 system, at
three temperatures. It immediately appears from this Table and
Table 5 that at all temperatures, the major vapour species in
reducing conditions, including [AlpO3], are [Al] and [AL,O],
as had already been noticed qualitatively several decades ago,
e.g. Ref. [37]. It is also clear in Table 4 that in all cases the
volatility of Al oxycarbide(s) is intermediate between Al car-
bide and Al oxide, Al;OC being more volatile than Al404C
at least as regards the major vapour species. At 786.85°C
(respectively 1286.85°C), Al,O3 is about 2.5 times (respec-
tively 1.9) less volatile than Al4C3z with respect to [Al] and
[Al,O], quite comparable for [AIO] and [Al,03], and 2.5 times
(respectively 1.9) more volatile with respect to [AlO;], while
at 1786.85 °C the volatility ratio is approximately 1.65. It can
also be seen that, globally speaking, the different vapour species
rank in magnitude as do the activation energies for volatilisa-
tion, and that except at the highest temperatures, [Al] is more
important than [Al,O], what makes it the most likely interme-
diate in processes which include vapour phase reactions. An
important example is the commercial production of AIN pow-
der, by carbonitridation®® of Al,O3 at 1600 °C, which should
preferentially proceed in a two-step mechanism initiated by
the formation of [Al] in an equilibrium volatilisation and fol-
lowed by its spontaneous reaction with [N>], much in the same
way as a-SizNy is formed®® from [Si] as RBSN, rather than
in a three-step mechanism?? implicating [Al,O]. At the highest
temperatures p[a},0] becomes extremely close to pjaj] and may

actually exceed it, as observed at 1826.85 °C where, in equilib-
rium with Al,OC, i.e. in the range of log pjco; values between
—0.8828to —0.7779, log p{a1) decreases from —2.0902 to —2.14
26 whereas log pjal,01=—2.1178, so that an inversion occurs
in the predominating vapour species as log pco increases from
—0.8828 to —0.7779.

Fig. 2 represents the volatility diagram of the stable
Alp03—-Al4C3 system at 1786.85 °C and should replace a graph
previously issued in Ref. [40]. Limit carbon monoxide pressures
are 0.0871 atm for Al4C3 and 0.1535 atm for Al,O3, with an
intermediate value of 0.1023 atm delimitating Al oxycarbides;
to these correspond, as oxygen pressures, 1.3 x 1077 atm
4.1 x 1077 atm and 1.8 x 10~17 atm, and as carbon dioxide
pressures, 1.5 x 10~7 atm, 4.6 x 10~7 atmand 2.05 x 10~7 atm;
not shown on the graph are the [Al] and [AlpO3] saturated
vapour pressures, which amount to respectively 0.0123 atm,
larger than ppaj) and thereby justifying the absence of liquid
aluminium in the system, and 5.44 x 10~ atm, only slightly
higher than pjaj0). The gradients of the various straight lines
are such that pjaj) is above pal,07 for any value of log p|coy,
and that no crossing is possible for the gaseous species in
equilibrium with Al4Cs. In turn many intersections may occur
on the Al,O3 side, although none is observed for practical
values of carbon monoxide pressures, typically not exceed-
ing latm. With a carbon monoxide pressure of 1atm and
at 1786.85°C, the following pressures (atm) hold at equilib-
rium with alumina: ppa;;=2.00 x 1074; DialLo]=7.40 x 1073;
P[AL,05] =5.44 x 10_6; P[AlO] = 2.54 x 10_8; P[ALLO,] = 2.92 x
10719 piai0,1=1.48 x 10712 and pjo,;=1.735 x 10713, and
all Al-containing vapour species react with oxygen in quanti-
tative equilibria displaced towards [Al,O3], as shown by the
reaction constants listed in Table 8. Studying how volatility
diagrams vary with temperature, one observes the predomi-
nance of [Al,O] on [Al] in their equilibrium with Al,OC above
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Table 8
Quantitative vapour phase equilibria between Al-containing species, oxygen and
alumina, at 1786.85°C

Reaction Equilibrium constant, K,
2[AlO;] = [ALO3] + $[0] 1.04 x 10!
[AL,0;] + 3[02] = [AL;03] 4.47 x 101
[AL O] +[02]=[AL, 03] 424 x 1013
2[AIO] + 1[02] = [Al,03] 2.03 x 10"
2[Al] + 3[0,] = [AL,O5] 1.89 x 10?4

1806.65°C, and that all Al-containing vapour pressures are
smaller than 10~8 atm below essentially 1000 °C.

5. Conclusion

The thermochemistry of solid—vapour equilibria within the
stable Al;O3-Al4C3 system was modelled. Describing volatil-
isation of stable compounds into various species evolved into
Arrhenius-type equations wherein any pressure is the product of
a pre-exponential term and activation energy. Regardless of the
precursor, [Al] is characterized by the smallest activation energy
and [AlO;] by the highest; the sublimation enthalpy of Al,O3 as
calculated from vapourization pressures is 643247 Jmol~!. Up
to 1806.65 °C, [Al] is the predominant species for any practical
pressure of carbon monoxide, and thus the most likely intermedi-
ate in processes involving vapour phase reactions; above, [Al;O]
becomes more important than [Al] on a limited range of [CO]
pressures (for example between 0.1488 atm and 0.2677 atm, at
1826.85°C).
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