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PREFACE

This RAND Memorandum is a continuation of a broad study
originally requested in 1962 by the Scientific Advisor to the Physics
Division, Research Directorate,* Air Force Special Weapons Center,
Kirtland Air Force Base, New Mexico.

It is a contribution to a better understanding of the complex
problems involved in the physics of re-entry bodies. Alumina is the
tenth of a series of ablative materials to be investigated by means
of mathematical techniques similar to those used at RAND in the
parametric study of certain low-molecular-weight compounds as nuclear
rocket propellants.

The results of the investigation of graphite, polystyrene, poly-
ethylene, phenol-formaldehyde resin, polyamide resin, teflon, silica,
zirconia, and magnesia, the first nine materials to be studied in the

series, are reported in RAND Memoranda RM-3326-1-PR, The Thermodynamics

of the Graphite/Garbon Vapor System; RM~3708-PR, The Thermodynamics of

the Polystyrene/Hydrocarbon Vapor System; RM=3709-PR, The Thermodynamics

of the Polvethylene/Hydrocarbon Vapor System; RM=-3988~PR, The Thermo=

dynamics of the Phenol~Formaldehyde Resin/Carbon-Hydrogen~-Oxygen Vapot

System; RM-4404-PR, The Thermodynamics of the Polyamide Resin

(Nylon-6) /Carbon=-Hydrogen=-Oxygen~Nitrogen Vapor System; RM-4634~PR,

The Thermodynamics of the Teflon/Fluorocarbon Vapor System; RM=-4804=-PR,

The Thermodynamics of the Silica/Silicon-Oxygen Vapor System;

RM-4907-PR, The Thermodynamics of the Zirconia/Zirconium=-Oxygen Vapor

System; and RM~4943=PR, The Thermodynamics of the Magnesia/Magnesium-

Oxygen Vapor System.

Other materials to be investigated are ceramics such as beryllia

and thoria.

*
Now the Air Force Weapons Laboratory.
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S UMMARY

The purpose of this study is the thermodynamic investigation of
alumina, A1203,over a range of temperatures up to 6000°K and pressures
up to 10~ atmospheres.

Two sets of equilibrium composition equations are used--one
representing a pure gas phase, the other a heterogeneous system of
gas and condensed (i.e., solid or liquid) alumina. The gas phase of
the heterogeneous chemical system, like the homogeneous gas phase,
comprises 12 gaseous aluminum-oxygen species,

The results of the computational program are presented in both
tabular and graphic form. The latter is a conventional Mollier
diagram in which specific enthalpy is plotted against specific entropy,

with cross plots of temperature, pressure, and molecular weight or

moles of condensed alumina.
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I. INTRODUCTION

This study considers a chemical system that under certain
conditions of temperature and pressure is a pure gas mixture and
under others is a disperse system, i.e., smoke or fog. 1In this
case the smoke or fog is a gas that contains a condensed phase,
solid or liquid alumina, symbolized by élzga.

The following assumptions were made in the computations:

(1) Thermal equilibrium is maintained between the condensed
particles and the gas phase.

(2) The pressure due to the thermal motion of the condensed
particles can be neglected,

(3) The gas phase obeys the ideal-gas law.

(4) The molar volume of the condensed phase is essentially
constant, that is, independent of temperature and
pressure,

(5) The volume coefficient of thermal expansion of the

condensed phase is constant.



II. COMPOSITION EQUATIONS

In this study it is assumed that the gas formed by heating
alumina, A1203, in the absence of a reacting atmosphere at various

o , . .
pressures up to a temperature of 6000 K is a mixture involving

twelve gaseous chemical species--Al, A1+, e”, 0,07, O+, 0, O;,
AlO, A12, A120, and A1202-—and one condensed species--A1203(crysta1)

or A1203 (liquid). The presence or absence of a condensed phase
makes it necessary to consider two distinct sets of chemical
equations.,

A. No condensed phase present. In terms of Al, 02, and e~ as

primary components 1, 2, and 3, the chemical equations for the

secondary components, or derived species, are given by the expression

aiAl + biO2 tc.e” = AlaiOZbieci, o5

where the coefficients a; s bi’ and c; have the following values:

Component i

a; Ei. SL Symbol Number
1 -1 a1t 4
2 Al, 5
% 0 6
5 1 0~ 7
5 -1 o* 8
1 -1 0, 9
% A10 10
2 % A1,0 11
1 A1,0, 12

The mass-balance equations are

Ny = 2 - ZJaini, (2)



12
n, =3/2 - Zbini, (3)
2 4
and
12
ne_ = = Z:cini, ®

where npys Oy s and - are the numbers of moles of Al, 02, and e”,

respectively, a, bi’ and ¢, are the coefficients of AL, 02, and e~
on the left-hand side of Eq. (1), and n, is the corresponding

number of moles of component i.

The equilibrium equations are given by the expression

ai+bi+ci-1 ai bi ci
n, = Ki(P/n) (nAl) (noz) (ne_) (5)

>

where n is the total number of moles of gas in the equilibrium mix-
ture, P is the total pressure in atmospheres, and Ki is the thermo-
dynamic equilibrium constant of component i computed on the basis

of Eq. (1).

B. Solid or liquid A12Q3~Eresent. In terms of élzgg (solid

or liquid), 02, and e~ as primary components 1, 2, and 3, the
secondary components, or derived species, may be obtained from the
following generalized chemical equation:
a Al
jo=

505 + bj02 +oegel = AlajOijec.. (6)

The coefficients aj, bj’ and Cj’ as well as the corresponding derived

species, are listed in the following table:



by

Component j

ii Ei Ei Symbol Number
5 -3/4 Al 4
L 3/4 -1 NN 5
1 -3/2 Al, 6
5 0 7
5 1 0~ 8
y -1 0" 9
1 -1 onr 10
¥ -% A10 11
1 -1 AL,0 12
1 -k AL, 13

The mass-balance equations are

13
o = 1- 2Jajnj, (N
—=2=3 i
13
n, = - b.n 8
4
and 13
== Yece- 9
ne' ZJ i’ ()
A
where nélzgg’ noz, and ne_ are the numbers of moles of 51293, 02,
and e”, respectively, aj, bj’ and cj are the coefficients of élQQB’

02, and e” in Eq. (6), and nj is the corresponding number of moles
of component j.

The equilibrium equations are obtained by considering the free
energy F of the system and the partial molar free energy, or chemical

potential, “x = aF/anx of each component. For an ideal gas

o
M, = W+ RT In (n _P/n), (10)



where u; is the chemical potential of component x in the standard
state of unit partial pressure, R is the gas constant, T is the

temperature, P is the pressure, and n is the total number of moles
of gaseous species in the mixture, The chemical potential for élzg

3
is given by

+ (P - (11)

o }
5 = U nv »
Aly05  TALO, AL,04

where uZl 0 is the standard molar free energy for élggg’ ﬁél 0, is
the molar vdlume of 51293, and P is the pressure of the system.

By combining Egs. (10) and (11), keeping in mind that the sub-
script j refers to the derived species on the right-hand side of
Eq. (6), the following expression is obtained

b, 4+ec,-1

b c
- i _1\T . i | k|
ng Kj exp Laj(P 1)VA12QB/RTJ (P/n) (noz) (ne_) . (12)

In Eq. (12), Kj is the thermodynamic equilibrium constant associated
with the chemical reaction of Eq. (6) and is defined by the relation
o

O_O_ o} . _ O=_
AN = uj ajp.élzg.3 bjuoz cjue_ RT 1n Kj' (13)

At first glance, Eqs. (7), (8, (9), and (12) represent a
mathematical system of thirteen equations in thirteen unknowns that,
ordinarily, could be solved by simple iteration. From the stand-
point of the Gibbs phase rule, however, the chemical system under
consideration, consisting of one component and two phases, enjoys
but one degree of freedom. This means that at an arbitrarily fixed
temperature, liquid (or solid) and vapor are in equilibrium at a
unique pressure which can be determined in the following manner.

The expression for the total pressure as the sum of the partial

pressures 1is



P = ZHXP/n, (14)

where n is the total number of moles of gas in the equilibrium mix-

ture. In view of Eq. (12) the above expression becomes

13 b. c.
= J J 15
P 1>02 +R 4 ;Kj (exp a,0) (POZ) ()7, (15)

where PO and P _ are the partial pressures of 0
e

and Q re%resents the quantity (P - l)vAl

2 and e”, respectively,

0 /RT. 1In like manner, Egs.

(8) and (9), when multiplied through b§—%7% and rearranged, become

3 b. [
= ] J
) Poz + zijj (exp a,Q) (POZ) (Pe_) , (16)
4
and
13 b. c.
_ ] J
=2 _+ ;chj (exp 2,0) (B ) 72 ) 7, n

where § represents zero. Equations (15), (16), and (17) represent
a system of three equations in three unknowns, P, P0 , and P _,

e
which can be solved by iteration. It is then a simp%e matter to

solve for Pj’ nj, and n.



III. THERMODYNAMIC EQUATIONS

The molecular weight of the gas-Al

0.

3 mixture is given by the

relation

_ 101.96

n

M s (18)

where 101.96 is the formula weight of the input material A1203 and
n is the total number of moles in the mixture.
The specific free energy (in calories per gram) of the mixture

is given by the expression

g
1 = fo) o -
£ = oo { Y n [+ RE 1o Gy P/ +ng o (WY ) +e @ - DT O]},
2=3 =23 —=2—3
(19

which is derived from Egs. (5) and (6). The summation is over all
gaseous species. The constant ¢ = 0.0242172 converts cc-atmospheres
to calories,

The specific entropy (in calories per degree per gram) of the

mixture is given by the expression

g
]. — o (o) o
R S - S - P -
S 10796 {jZJni[Si R In (niP/n)] + nélzgs C énga cav( l)Véngg s

(20)

where Sg and SZl g are the standard molar entropy of component i

and élzgs, respecively, at a given temperature, and o, is the volume

coefficient of thermal expansion of éizga.

The specific enthalpy (in calories per gram) of the gas mixture

is given by the expression

g
1 <~ o o - ;
= —— - - 1
h = 701.96 { ) Pl T g g DHpg g F e - oM@ -1V, J}’
AL)04- ALy, Al

2 21)



where H and HAl are the standard molar heat content of component
i and A1203, res%egtlvely, at a given temperature,
The specific internal energy (in calories per gram) of the

mixture is given by the expression

g
u 101 36 {.ZJn (H - RT) + nA1203 L Al o - cfl + (P - 1)avT]VA1 03J }.

23

(22)

The terms representing the increase in a thermodynamic property

from one atmosphere to P atmospheres for Al2 955 namely,

AF = (P - 1)V R (23)
Al,0,
AS = —O[V(P = 1)VA1 0.° (24)
==2=3
M= (1 - o TP - DY, o (25)
=293
AU = - o T(P - 1)vé1293, (26)

are readily derived from the differential formulas relating the
various thermodynamic functions. Each of the above terms must be
multiplied by the factor ¢ = 0.0242172 to convert it from cc-
atmospheres to calories,

The specific volume of the mixture (in cubic centimeters per
gram) is given by the expression
27

v {nRT/P +n

— L ﬁ},
~ 101. 96 AL,0, ALO,

where the first term in the braces is the volume of the gas phase

and the second term is that of the condensed phase.



IV. BASIC DATA

The pertinent thermodynamic properties (heat content, entropy,

free energy, and heat of formation) for the 14 chemical species con-

sidered in this study were taken partly from JANAF Thermochemical
Data

(1

Veshchestv,

and partly from Termodinamicheskie Svoistva Individual 'nykh

(2)

various chemical species are listed in the following table.

The molecular weights and heats of formation of the

Molecular Heat of Formation at 0°K

Species Weight (cal/mole) Reference
Al 26.98 77,440 1
N 26.98 215,400 1
e” 0.0005489 0 1,2
0 ' 16.000 58,989 1,2
0 16.0005 25,200 1
o" 15.9995 373,039 2
0, 32.000 0 1
0% 32.000 278,545 2
Al0 42.980 21,429 1
AL, 53.96 106,000 2
A1,0 69.96 -30,859 1
A1,0, 85.96 -94,063 1
A1,0.(s)  101.96 -397,494 1
AL,0,(1)  101.96 (-370,450) 1

The molar volume of solid A1203 (Vélzgg

from a mean density of 3.97 gm/cc.

= 25,682 ce) was derived

The volume coefficient of thermal expansion for alumina is

1l -6 )
o, =5 L T JP = 24.0 x 10 cc/ecc-deg,

This value was derived from the linear coefficient of thermal ex-
pansion for alumina given in Ref. 3 for the temperature range

20-1580°C.
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Two values of the gas constant were used: R = 1.98726 cal/deg-
mole and R = 82.0597 cc-atm/deg-mole, Their ratio gives the conver-

sion factor ¢ = 0.0242172.
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V. COMPUTATIONAL PROCEDURE

The two sets of equilibrium composition equations--the one
involving solid or liquid A1203 and the other the gaseous species
only--represent two mutually exclusive contiguous regions. It is
expedient to determine the border line between the two regions, that
is, the conditions of temperature and pressure under which the con-
densed species just vanish. This can be done in the following manner.

Since n
AL,
that Eqs. (5) ana (12) are identical for this condition. Hence,

= 0 along the gas/condensate interface, it follows

Eq. (12) may be written in the form

+ 5P - 1)V
AL,0,

In n /RT,

AL + 3/4 1In OO + 7/4 In (P/n) = 1n KA

2 1

(28)

where KAl is determined on the basis of Eq., (13). The left-hand

side of Eq. (28) may be regarded as the "gaseous" side, and the right-
hand side as the '"condensed" side. Now, if each "side" is plotted
against pressure for an arbitrary temperature, the result is a graph
of two curves that intersect at a unique pressure.

The computational procedure for the condensed region is not
quite as straightforward as for the 'pure gas' region because of the
constraint imposed on the system by the single degree of freedom

(Section IIB). If, however, is considered as a parameter

210

such that 0 < n < 1 for a;E%E}ary values of temperature, then

A1,0.
the solution of t%e3system of Eqs. (7), (8), (9), and (10) yields

a unique value of pressure for each pair of T, n values.,
é]:.z 0_3
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VI. RESULTS

The results of this study are presented numerically in Tables 1
and 2 and graphically in Figs. 1, 2, and 3. Figure 1 is a conven-
tional Mollier diagram for alumina; specific enthalpy is plotted
against specific entropy, with cross plots of temperature, pressure,
and molecular weight in the pure gas region, and cross plots of temp-
erature and moles of condensed A1203 in the gas-liquid and gas-solid
regions., The broken line demarcates the pure gas phase (above) from
the fog and smoke (below). Of particular interest is the saltus
experienced by the moles-of-condensed—A1203 isograms in traversing
the 2315°K-isotherm--the melting point of A1203. The spike at the
top of the graph is due to the presence of ionized oxygen at temp-
eratures above 5000°K. Figure 2 is a plot of volume versus tempera-
ture with cross plots of constant pressure and moles of condensed
A1203.

The wvariation of sublimation temperature with pressure for
alumina, magnesia, zirconia, silica, and graphite is shown in Fig.

3. For alumina at 10-3 atm the sublimation temperature* is 2897OK,

at 1 atm it is 4036OK, while at lO2 atm it is 5486°K. The correspond-
ing temperatures for magnesia are 24160K, 34120K, and 49050K;(4) for
zirconia they are 3113°K, 4333°, and 4909%k; ) for silica 2306°K,
3132°K, and 4163°K;(® and for graphite 3150%, 4127°K, and 5170%. (7
Brewer(s)
60°K at 10> atm and 3800 + 200°K at 1 atm.

lists the vaporization temperature of alumina as 2740 +

All the computations required to obtain the results in Table 1
and 2 were made on the RAND IBM 7040/7044 computer. 1In the tables
the numbers are represented in '"floating decimal' notation; the first
five digits indicate the decimal form of the number, and the last two
digits indicate a power of 10. Thus 12345 05 represents 0.12345 x 105

and 12345-05 represents 0.12345 x 10 .

als

“Sublimation temperature here means the temperature at which

élﬂgﬁ disappears.
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Table 1

SUMMARY OF COMPUTED VALUES OF VOLUME, MOLECULAR WEIGHT, MOLES OF GAS,
AND MOLES OF SOLID OR LIQUID ALUMINUM OXIDE FOR ALUMINA
AT VARIOUS TEMPERATURES AND PRESSURES

Tempera- Log Molecular Moles of

ture, Pressure, Volume, Weight, Gas, Moles of
T (oK) P (atm) v (ec/gm) M n élqga
6000 04 10000-~07 12602 02 12297 02 82912 01
6000 04 10000-06 11545 02 14037 02 72634 01
6000 04 10000-05 10531 02 14502 02 70306 01
6000 04 10000-04 95290 01 14563 02 70014 01
6000 04 10000-03 85279 01 14599 02 69838 01
6000 04 10000-02 75198 01 14877 02 68534 01
6000 04 10000-01 64803 01 16290 02 62589 01
6000 04 10000-00 54263 01 18451 02 55261 01
6000 04 10000 01 43969 01 19743 02 51645 01
6000 04 10000 02 33750 01 20762 02 49108 O1
6000 04 10000 03 22860 01 25483 02 40010 Ol
6000 04 29568 03 17292 01 31061 02 32825 01 14901-07
6000 04 29568 03 16837 01 33383 02 29543 01 10000-00
6000 04 29568 03 16328 01 36079 02 26260 01 20000-00
6000 04 29568 03 15752 01 39249 02 22978 01 30000~-00
6000 04 29568 03 15088 01 43030 02 19695 01 40000-00
6000 04 29568 03 14303 01 47617 02 16413 01 S0000 00
6000 04 29568 03 13344 Q1 53298 02 13130 01 60000 00
6000 04 29568 03 12111 01 60519 02 98476 00 70000 OO
6000 04 29568 03 10384 Q01 70003 02 65651 00 80000 0O
6000 04 29568 03 74741 0C 83012 02 32825-00 90000 0O
6000 04 29568 03 ~10349=-00 99685 02 32825-01 99000 00
6000 04 29568 03 -51178 00 10173 03 32825-02 99900 00
6000 04 29568 03 -58545 00 10194 03 32825-03 99990 00
6000 04 29568 03 -59355 00 10196 03 32825~-04 99999 00
5500 04 10000-07 12504 02 14157 02 72022 01
5500 04 10000-06 11493 02 14519 02 70227 01
5500 04 10000-05 10491 02 14562 02 70017 O1
5500 04 10000-04 94908 01 14577 02 69944 01
5500 04 10000~03 84877 01 14682 02 69444 01
5500 04 10000-02 74658 01 15443 02 66025 01
5500 04 10000-01 64109 01 17521 02 58194 01
5500 04 10000-00 53698 01 19262 02 52934 01
5500 04 10000 01 43501 01 20154 02 50591 01
5500 04 10000 C2 33163 01 21789 02 46795 01
5500 04 10000 03 21720 01 30374 02 33568 01
5500 04 10332 03 21551 01 30562 02 33361 01 14901-07
5500 04 10332 03 21094 01 32864 02 30025 01 10000-00
5500 04 10332 03 20584 01 35540 02 26689 01 20000-0Q0
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Table l--continued

Tempera- Molecular Moles of

ture, Pressure, Volume, vieight, Gas, Moles of

T (°K) P (atm) v (cc/gm) M n AL,0,
5500 04 10332 03 20005 01 38690 02 23353 01 30000-00
5500 04 10332 03 19338 01 42454 02 20017 01 40000-00
5500 04 10332 03 18549 01 47028 02 16681 01 50000 00
5500 04 10332 03 17583 01 52708 02 13344 01 60000 00
5500 04 10332 03 16340 01 59947 02 10008 01 70000 00
5500 04 10332 03 14592 01 69492 02 66722 00 80000 00
5500 04 10332 03 11620 01 82652 02 33361-00 90000 00
5500 04 10332 03 22560=-00 99632 02 33361-01 99000 00
5500 04 10332 03 -40112-00 10172 03 33361-02 99900 00
5500 04 10332 03 =-57076 00 10194 03 33361-03 99990 00
5500 04 10332 03 =59203 00 10196 03 33361-04 99999 00
5000 04 10000-07 12650 02 14544 02 70102 01
5000 04 10000-06 11450 02 14564 02 70008 O1
5000 04 10000-05 10450 02 14571 02 69975 Ol
5000 04 10000-04 94482 01 14618 02 69749 01
5000 04 10000-03 84364 01 15020 02 67884 01
5000 04 10000-02 73903 01 16705 02 61036 01
5000 04 10000-01 63398 01 18763 02 54341 01
5000 04 10000-00 53151 01 19859 02 51342 01
5000 04 10000 01 42976 01 20676 02 49313 01
5000 04 10000 02 32209 01 24672 02 41326 01
5000 04 29020 02 26750 01 29881 02 34121 01 14901-07
5000 04 29020 02 26293 01 32155 02 30709 01 10000-00
5000 04 29020 02 25781 01 34802 02 27297 01 20000-00
5000 04 29020 02 25202 01 37924 02 23885 01 30000-00
5000 04 29020 02 24533 01 41662 02 20473 01 40000-00
5000 04 29020 02 23742 01 46218 02 17061 01 50000 00
5000 04 29020 02 22774 01 51892 02 13649 01 60000 00
5000 04 29020 02 21527 01 59154 02 10236 01 70000 0O
5000 04 29020 02 19770 01 68779 02 68243 00 80000 00
5000 04 29020 02 16771 CO1 . 82145 02 34121-00 90000 00
5000 04 29020 02 69752 00 99559 02 34121-01 99000 00
5000 04 29020 02 -13828-00 10171 03 34121-02 99900 00
5000 04 29020 02 =52042 00 10194 03 34121-03 99990 00
5000 04 29020 02 -58646 00 10196 03 34121-04 99999 00
4500 04 10000-07 12404 02 14566 02 70001 O1
4500 04 10000-06 11404 02 14569 02 69985 01
4500 04 10000-05 10403 02 14597 02 69849 01
4500 04 10000-04 93955 01 14853 02 68647 01
4500 04 10000~-03 83577 01 16205 02 62917 01
4500 04 10000-02 73031 01 18375 02 55487 01



-15-

Table l--continued

Tempera-

Molecular

Moles of

ture, Pressure, Volume, Weight, Gas, Moles of

T (°K) P (atm) v (cc/gm) M n A0,
4500 04 10000-01 62735 01 19671 02 51832 01
4500 04 10000-00 52592 01 20331 02 50149 01
4500 04 10000 01 42217 01 22164 02 46003 O1
4500 04 60839 01 33211 01 28975 02 35189 01 14901-07
4500 04 60839 01 32754 01 31209 02 31670 01 10000-00
4500 04 60839 01 32242 01 33816 02 28152 01 20000-00
4500 04 60839 01 31663 01 36898 02 24633 01 30000-00
4500 04 60839 01 30993 01 40599 02 21114 01 40000-00
4500 04 60839 01 30202 01 45126 02 1759% 01 50000 00
4500 04 60839 01 29233 01 50788 02 14076 01 60000 0O
4500 04 60839 01 27984 01 58074 02 10557 01 70000 0O
4500 04 60839 01 26224 01 67802 02 70379 00 80000 00
4500 04 60839 01 23216 01 81445 02 35189-00 90000 00
4500 04 60835 01 13263 01 99455 02 35189-01 99000 00
4500 04 60839 01 37088-00 10170 03 35189=02 99900 00
4500 04 60839 01 -33360-00 10193 03 35189-03 99990 00
4500 04 60839 01 -56010 00 10196 03 35189-04 99999 00
4000 04 10000-07 12353 02 14569 02 69986 01
4000 04 10000-06 11352 02 14594 02 69865 01
4000 04 10000-05 10345 02 14826 02 68773 01
4000 04 10000-04 93092 01 16106 02 63304 01
4000 04 10000-03 82541 01 18287 02 55757 01
4000 04 10000-02 72234 01 19625 02 51954 01
4000 04 10000-~01 62101 01 20234 02 50390 01
4000 04 10000-00 51870 C1 21341 02 47777 01
4000 04 85377 00 41411 01 27779 02 36704 01 22352-07
4000 04 85377 00 40954 01 29959 02 33034 01 10000-00
4000 04 85377 00 40442 01 32509 02 29363 01 20000-00
4000 04 85377 Q0 39862 01 35535 02 25693 01 30000-00
4000 04 85377 00 39193 01 39182 02 22022 01 40000-00
4000 04 85377 00 38401 01 43662 02 18352 01 50000 0O
4000 04 85377 00 37432 01 49300 02 14682 01 60000 0O
4000 04 85377 00 36183 01 56609 02 11011 01 70000 0O
4000 04 85377 00 34422 01 66463 02 73408 00 80000 00
4000 04 85377 00 31412 01 80471 02 36704-00 90000 00
4000 04 85377 00 21419 01 99308 02 36704-01 95000 0O
4000 C4 85377 00 11490 01 10169 03 36704-02 99900 00
4000 04 85377 00 21442~-00 10193 03 36704-03 99990 00
4000 04 85377 00 —-40582-00 10196 03 36704-04 99999 00
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Table l--continued

Tempera- Molecular Moles of

ture, Pressure, Volunme, Weight, Gas, Moles of

T (%K) P (atm) v (cec/gm) M n AL,
3500 04 10000-07 12294 02 148611 02 69784 01
3500 04 10000~-06 11283 02 14962 02 68Bl44 01
3500 04 10000~-05 10239 02 16551 02 61602 01
3500 04 10000-04 91875 01 18651 02 54668 01
3500 04 10000-03 81620 01 19778 02 51551 01
3500 04 10000-02 71512 01 202786 02 50286 01
3500 04 10000-~01 61308 01 21251 02 47978 01
3500 04 67740-01 52081 01 26257 02 38831 01 14901-07
3500 04 67740-01 51624 01 28363 02 34948 01 10000-00
3500 04 67740-01 51112 01 30836 02 31085 01 20000~00
3500 04 67740~-01 50532 Q1 33782 02 27182 01 30000-00
3500 04 67740-01 49863 01 37350 02 2329% 01 40000-00
3500 04 67740-01 49071 01 41760 02 19416 C1 50000 00
3500 04 67740-01 48102 01 47351 02 15533 01 60000 QO
3500 04 67740-01 46852 01 54672 02 11649 01 70000 00
3500 04 67740-01 45091 01 64670 02 77663 00 80000 00
3500 04 67740-01 42081 01 79142 02 38831-00 90000 00
3500 04 67740-01 32082 01 99103 02 38831-01 99000 0O
3500 04 67740-01 22088 01 10167 03 38831-02 99900 00
3500 04 67740-01 12149 01 10193 03 38831-03 99990 00
3500 04 67740-01 27165-00 10196 03 38831-04 99999 00
3000 04 10000-07 12195 02 15698 02 64952 01
3000 04 10000-06 11139 02 17860 02 57089 01
3000 04 10000-05 10103 02 19421 02 52499 01
3000 04 10000~04 90885 01 20080 02 50776 01
3000 04 10000-03 80806 01 20450 02 49858 01
3000 04 10000~02 70464 01 22122 02 46089 01
3000 04 23018-02 66409 01 24451 02 41700 01 14901-07
3000 04 23018~02 65951 01 26462 02 37530 01 10000-00
3000 04 23018-02 65440 01 28835 02 33360 01 20000-00
3000 04 23018~02 64860 01 31674 02 29190 01 30000-00
3000 04 23018-~-02 64191 01 35134 02 25020 01 40000-00
3000 04 23018-02 63399 01 139443 02 20850 01 50000 00
3000 04 23018-02 62430 01 64956 02 16680 01 60000 00
3000 04 23018-02 61180 01 52260 02 12510 01 70000 0O
3000 04 23018-02 59419 01 62399 02 83401 00 80000 00
3000 04 23018-02 56409 01 77418 02 41700~-00 90000 00
3000 04 23018-~02 46409 01 98827 02 41700-01 99000 00
3000 04 23018-02 36409 01 10164 03 41700-~02 99900 OO
3000 04 23018-02 26412 01 10193 03 41700-03 99990 0O
3000 04 23018-02 16434 01 10196 03 41700-04 99999 0O
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Table l1--continued

Tempera- Molecular Moles of

ture, Pressure, Volume, Weight, Gas, Moles of
T (°K) P (atm) v (cc/gm) M n AL0,
2500 04 10000-07 12020 02 19587 02 52054 01
2500 04 10000-06 11008 02 20133 02 50644 01
2500 04 110000-05 10002 02 20399 02 49982 01
2500 04 10000-04 89817 01 21397 02 47651 01
2500 04 20330-04 86498 01 22600 02 45115 01 29802-07
2500 04 20330-04 86041 01 24507 02 40604 01 10000-00
2500 04 20330-04 85529 01 26767 02 36092 01 20000-00
2500 04 20330-04 84949 01 29485 02 31581 01 30000-00
2500 04 20330-04 84280 01 32817 02 2706% 01 40000-00
2500 04 20330-04 83488 01 36999 02 22558 01 50000 00
2500 04 20330-04 B2519 01 42402 02 18046 01 60000 0O
2500 04 20330-04 81269 01 49653 02 13535 01 7C000 00
2500 04 20330-04 79508 01 59895 02 90230 00 80000 00
2500 04 20330-04 76498 01 75462 02 45115-00 90000 00
2500 04 20330~04 66498 01 98501 02 45115~01 99000 00
2500 04 20330-04 56498 01 10160 03 45115-02 99900 00
2500 04 20330~-04 46498 01 10192 03 45115-03 99990 0O
2500 04 20330-04 36498 01 10196 03 45115-04 99999 00
2000 04 10000-07 11897 02 20808 02 49001 01
2000 04 14013=-07 11746 02 21009 02 48531 01 22352-07
2000 04 14013-07 11700 02 22821 02 43678 01 10000-00
2000 04 14013-07 11649 02 24975 02 38825 01 20000-00
2000 04 14013-07 11591 02 27578 02 33972 01 30000-00
2000 04 14013-07 11524 02 30786 02 29119 01 40000-00
2000 04 14013-07 11445 02 34840 02 24266 01 50000 0O
2000 04 14013-07 11348 02 40122 02 19412 01 60000 0O
2000 04 14013-07 11223 02 47293 02 14559 01 70000 00
2000 04 14013-07 11047 02 57584 02 97062 00 80000 00
2000 04 14013-07 10746 02 73601 02 48531-00 90000 00
2000 04 14013-07 97462 01 98177 02 48531-01 99000 00
2000 04 14013-07 87462 01 10157 03 48531-02 99900 00
2000 04 14013-07 77462 01 10192 03 48531-03 99990 00
2000 04 14013-07 67462 01 10196 03 48531-04 99999 00
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Table l--continued

Tempera- Log Molecular Moles of

ture, Pressure, Volume, Weight, Gas, Moles of

T (°K) P (atm) v (cc/gm) M n Al,0,
1500 04 66176=-13 16959 02 20436 02 49893 01 29802~07
1500 04 66176-13 16913 02 22212 02 44904 01 10000-00
1500 04 66176-13 16862 02 24326 02 39914 01 20000-00
1500 04 66176-13 16804 02 26885 02 34925 01 30000-00
1500 04 66176-13 16737 02 30045 02 29936 01 40000-00
1500 04 66176-13 16658 02 34047 02 24947 01 50000 00
1500 04 66176-13 16561 02 39280 02 19957 01 60000 00
1500 04 66176-13 16436 02 46413 02 14968 01 70000 00
1500 04 66176-13 16260 02 56712 02 99786 00 80000 0O
1500 04 66176~13 15959 02 72884 02 49893-00 90000 00
1500 04 66176-13 14959 02 98049 02 49893-01 99000 00
1500 04 66176-13 13959 02 10155 03 49893-02 99900 00
1500 04 66176-13 12959 02 10192 03 49893-03 99990 00
1500 04 66176-13 11959 02 10196 03 49893-04 99999 00
5486 04 10000 03 21684 01 30545 02 33379 01 14901-07
4647 04 10000 02 31149 01 29269 02 34835 01 14624-07
4036 04 10000 01 40748 01 27876 02 36576 01 21853-07
3568 04 10000~-00 50436 01 26485 02 38497 01 16429-~07
3197 04 10000-01 60177 01 25196 02 40470 01 -13832-07
2897 04 10000-02 69948 01 24067 02 42366 01 19198-07
2648 04 10000-03 79729 01 23134 02 44076 01 29815-07
2439 04 10000-04 89512 01 22392 02 45533 01 25509~07
2262 04 10000-05 99305 01 21784 02 46804 01 29827~07
2113 04 10000-06 10911 02 21290 02 47887 01 14569-07
1982 04 10000-07 11889 02 20972 02 4B619 01 24389-07
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Table 2

SUMMARY OF COMPUTED VALUES OF DENSITY, ENTHALPY, ENERGY,
AND ENTROPY FOR ALUMINA AT VARIOUS

TEMPERATURES AND PRESSURES

Tempera- Density, Enthalpy, Energy, "Entropy,
ture, Pressure, d h u s (cal/

T (K) P (atm) (gm/cc) (cal/gm) (cal/gm) deg-gm)

6000 04 10000-07 24976-12 12343 05 11373 05 63859 01
6000 04 10000-06 28511-11 88812 04 80318 04 54639 01
6000 04 10000-05 29455-10 80975 04 72753 04 50141 O1
6000 04 10000-04 29578-09 80018 04 71831 04 46835 01
6000 04 10000-03 29652-08 79683 046 71516 04 43640 01
6000 04 10000-02 30216~07 77564 046 69549 04 40172 01
6000 04 10000-01 133086-06 67927 04 60608 04 35602 01
6000 04 10000-00 37474-05 56052 04 49590 04 30991 01
6000 04 10000 01 40098-04 50249 04 44210 04 27636 01
6000 04 10000 02 42169-03 46694 04 40951 O4 24778 01
6000 O4 10000 03 51758-02 135473 04 30794 04 20863 01
6000 04 29568 03 18653-01 26575 04 22737 04 18611 01
6000 04 29568 03 20715-01 22168 04 18712 04 17877 01
6000 04 29568 03 23289-01 17761 04 14687 04 17142 01
6000 04 29568 03 26594-01 13354 04 10662 04 16408 01
6000 04 29568 03 130991-01 89474 03 66368 03 15673 01
6000 04 29568 03 37130-01 45404 03 26119 03 14939 01
6000 04 . 29568 03 46304~-01 13342 02 -14130 03 14204 01
6000 04 29568 03 61497=-01 -42735 03 ~54379 03 13470 Ol
6000 04 29568 03 91529-01 -86805 03 -94628 03 12735 01
6000 04 29568 03 17889-00 -13087 04 -13488 04 12001 01
6000 04 29568 03 12691 01 -17054 04 -17110 04 11340 01
6000 04 29568 03 32492 01 -17450 04 -17472 04 11273 01
6000 04 29568 03 38499 01 =17490 04 -17509 04 11267 01
6000 04 29568 03 39224 01 ~17494 04 ~17512 04 11266 01
5500 04 10000-07 31367-12 84945 04 77224 04 57211 01
5500 04 10000-06 32168-11 78948 04 71420 04 52942 01
5500 04 10000-05 32265-10 78254 04 70748 04 49670 01
5500 04 10000-04 32299-09 78100 04 70603 04 46501 01
5500 04 10000-03 32532-08 77297 04 69853 04 43224 01
5500 04 10000-~02 34216-07 71830 04 64753 04 39170 01
5500 04 10000-01 238820-06 59313 04 53075 04 34103 01
5500 04 10000~-00 42678-05 50916 04 45241 04 30099 01
5500 04 10000 01 64654-04 47309 O4 41886 04 27125 01
5500 04 10000 02 48276-03 42483 04 37467 04 24042 01
5500 04 10000 03 67300-02 26235 04 22636 04 19254 01
5500 04 10332 03 69967-02 25979 04 22402 04 19186 01
5500 04 10332 03 77725-02 21461 04 18241 04 18364 Ol
5500 04 10332 03 B87419-02 16943 04 14080 04 17543 01
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Table 2--continued

Tempera- Density, Enthalpy, Energy, Entropy,
ture, Pressure, d h u s (cal/
T (°K) P (atm) (gm/cc) (cal/gm) (cal/gm) deg-gm)
5500 04 10332 03 99876=-02 12424 04 99191 03 16721 01
5500 04 10332 03 11647-01 79063 03 57580 03 15900 01
5500 04 10332 03 13968-01 33882 03 15969 03 15078 01
5500 04 10332 03 17445-01 -11299 03 -25642 03 14257 01
5500 04 10332 03 23226~01 =-56480 03 -67254 03 13435 01
5600 04 10332 03 34736=-01 -10166 04 =-10886 04 12614 01
5500 04 10332 03 68863-01 -14684 04 -15048 04 11792 01
5500 04 10332 03 59484 00 ~18751 04 -18793 04 11053 01
5500 04 10332 03 25184 01 -19157 04 =-19167 04 10979 01
5500 04 10332 03 37219 01 -19198 04 ~-19205 04 10972 C1
5500 04 10332 03 39087 01 =-19202 04 =-19208 04 10971 01
5000 O4 10000-07 35448-12 76782 04 69950 04 55678 01
5000 04 10000=-06 135496«11 76471 04 69648 04 52473 01
5000 04 10000-05 35513-10 76403 04 69584 04 49318 01
5000 04 10000=04 35628-09 76045 04 69248 04 46109 01
5000 04 10000~03 36607-08 73106 04 66491 04 42420 01
5000 04 10000-02 &0714-07 62317 04 56369 04 37352 01
5000 04 10000-01 45730-06 51773 04 46477 04 32669 01
5000 04 10000-00 48401-05 47087 04 42083 04 29371 01
5000 04 10000 01 50392~04 44285 04 39479 04 26548 01
5000 04 10000 02 60132-03 134515 04 30487 04 22515 01
5000 04 29020 02 21135-02 25671 04 22346 04 19962 01
5000 04 29020 02 23482-02 21014 04 18021 04 19031 01
5000 04 29020 02 26415~02 16356 04 13695 04 18099 01
5000 04 29020 02 130186-02 11698 04 93703 03 17168 01
5000 04 29020 02 135213-02 70410 03 50451 03 16236 01
5000 04 29020 02 42248-02 23834 03 71991 02 15305 01
5000 04 29020 Q02 52795-02 -22741 03 -360%3 03 14373 01
5000 04 29020 02 70362-02 -69316 03 -79305 03 13442 01
5000 04 29020 02 10545=-01 -11589 04 =12256 04 12510 01
5000 04 29020 02 21033-01 =-16247 04 -16581 04 11579 01
5000 04 29020 02 20087-00 -20438 04 ~20473 04 10741 01
5000 04 29020 02 13749 01 =20858 04 -20863 04 10657 01
5000 04 29020 02 33145 01 -20900 04 -20902 04 10648 01
5000 04 29020 02 38589 01 -20904 04 -20906 04 10647 01
4500 04 10000-07 39444-12 74710 04 68570 04 55243 01
4500 04 10000~06 39453-11 74681 04 68543 04 52095 01
4500 04 10000-05 39530-10 74470 04 68344 04 48910 01
4500 04 10000-04 40222-09 72605 04 66584 04 45379 01
4500 04 10000-03 43885-08 63714 04 58195 04 40429 01
4500 04 10000-02 49762-07 52185 04 47318 04 35221 01
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Table 2--continued

Tempera- Density, Enthalpy, Energy, Entropy,
ture, Pressure, d h u s (cal/
T (°K) P (atm) (gm/cc) (cal/gm) (cal/gm) deg-gm)
4500 04 10000-01 53271-06 46527 04 41981 04 31568 01
4500 04 10000-00 55058-05 44064 04 39666 04 28734 01
4500 04 10000 01 60021-04 38945 04 34910 04 25414 Ol
4500 04 60839 01 47737-03 25750 04 22663 04 21035 01
4500 04 60839 01 53040-03 20914 04 18137 04 19960 01
4500 Q4 60839 01 59669~-03 16079 04 13610 04 18886 01
4500 04 60839 01 68192-03 11244 04 90832 03 17811 01
4500 04 60839 01 T79555-03 64085 03 45585 03 16737 01
4500 04 60839 01 95462-03 15732 03 29808 01 15662 01
4500 04 60839 01 11932-02 =32621 03 =-44969 03 14588 01
4500 04 60839 01 15908-02 -80974 03 -90236 03 13513 01
4500 04 60839 01 23857=02 =-12933 04 -13550 04 12439 01
4500 04 60839 01 47685-02 -17768 04 -18077 04 11364 01
4500 04 60839 01 47170-01 =-22120 04 -22151 04 10397 01
4500 04 60839 01 42572-00 -22555 04 -22558 04 10300 01
4500 04 60839 01 21558 01 -22598 04 -22599 04 10291 01
4500 04 60839 01 36316 01 =-22603 04 -22603 04 10290 01
4000 04 10000-~07 44384-12 72955 04 67499 04 54830 01
4000 04 10000-06 44461-11 72769 04 67322 04 51644 01
4000 04 10000-05 45167-10 71101 04 65740 04 48108 01
4000 04 10000-04 49069-09 62748 04 57813 04 43034 01
4000 04 10000-03 55711~-08 51218 04 46871 04 37490 01
4000 04 10000-02 59789=-07 45416 04 41366 04 33635 01
4000 04 10000-01 61644=06 43103 04 39175 04 30764 01
4000 04 10000-00 65016-05 39838 04 36113 04 27730 01
4000 04 85377 Q0 72255~04 26378 04 23516 04 22560 01
4000 04 85377 00 80283-~04 21310 04 18735 04 21293 01
4000 04 85377 00 90318-04 16242 04 13953 04 20026 01
4000 04 85377 00 10322-03 11174 04 91711 03 18759 01
4000 04 85377 00 12042-03 61062 03 43893 03 17492 01
4000 04 85377 00 14451-03 10383 03 -39253 02 16225 01
4000 04 85377 00 18063~03 -~-40297 03 -51743 03 14958 01
4000 04 85377 00 24084-03 -90976 03 ~-99561 03 13691 01
4000 04 85377 00 136125-03 -14166 04 -14738 04 12424 01
4000 04 85377 00 72243-03 =19234 04 =19520 04 11157 01
4000 04 85377 00 72123-02 -23795 04 =-23823 04 10016 01
4000 04 85377 00 70952~01 =24251 04 ~2425%4 04 99023 00
4000 04 85377 00 61036 00 ~24296 Q4 =24297 04 98909 00
4000 04 85377 00 25458 01 «24301 04 =-24301 04 98898 00
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Table 2--continued

Tempera- Density, Enthalpy, Energy, Entropy,
ture,  Pressure, d h u s (cal/

T (°K) P (atm) (gm/cc) (cal/gm) (cal/gm) deg-gm)
3500 04 10000-07 50872-12 70932 04 66172 04 54287 01
3500 04 10000-06 52096-11 68466 04 63817 04 50476 01
3500 04 10000-05 57629-10 58632 04 54430 04 44736 01
3500 04 10000~04 64938-09 48208 04 44479 04 39163 01
3500 04 10000-03 68864-08 43528 04 40012 04 35454 01
3500 04 10000~02 70597=07 41688 04 38258 04 32645 01
3500 04 10000~01 73993-06 38831 04 35558 04 29610 01
3500 04 67740-01 61928-0%5 27751 04 25102 04 24794 01
3500 04 67740-01 68809-05 22376 04 19992 04 23258 01
3500 04 67740-01 77411-05 17001 04 14882 04 21722 01
3500 04 67740-01 B88469-05 11626 04 97718 03 20186 01
3500 04 67740-01 10321-04 62510 03 46617 03 18651 01
3500 04 67740-01 12386-04 87597 02 -4485%51 02 17115 01
3500 04 67740-01 15482-04 ~44991 03 -55587 03 15579 01
3500 04 67740-01 20643-04 -98742 03 -10669 04 14043 01
3500 04 67740-01 30964~-04 -15249 04 ~15779 04 12508 01
3500 04 67740-01 61928-04 -20624 04 =-20889 04 10972 01
3500 C4 67740-01 61919-03 -25462 04 =-25488 04 95898 00
3500 04 67740-01 61831=02 =25946 04 -25948 04 94516 00
3500 04 67740-01 60968~01 -25994 04 ~25994 04 94378 00
3500 04 67740-01 53499 00 =25999 04 =25999 04 94364 00
3000 04 10000-07 63766=12 62077 04 58279 04 51483 01
3000 04 10000-06 72549-11 50447 04 47109 04 44871 01
3000 04 10000-05 78891-10 43660 04 40591 04 40165 01
3000 04 10000-04 81568-09 41122 04 38153 04 37008 01
3000 04 10000-03 83070-08 39871 04 36956 04 34332 01
3000 04 10000-02 89862-07 35320 04 3262% 04 30635 01
3000 04 23018-02 22861-06 30014 0& 27576 04 28150 01
3000 04 23018-02 25401-06 24243 04 22048 04 26226 01
3000 04 23018-02 28576-~06 18472 04 16521 04 24302 01
3000 04 23018=-02 32659«~06 12701 04 10994 04 22379 01
3000 04 23018-02 38102-06 69295 03 54665 03 20455 01
3000 Q4 23018-02 45722-06 11583 03 -60805 01 18531 01
3000 04 23018=02 57153-06 -46128 03 -55881 03 16608 01
3000 04 23018-02 76204-06 ~10384 04 ~11115 04 14684 01
3000 04 23018-02 11431-05 -16155 04 -16643 04 12760 01
3000 04 23018-02 22861-05 -21926 04 -22170 04 10836 01
3000 04 23018-02 22861-04 -27120 04 -27144 04 91051 0O
3000 04 23018-02 22860-03 =27639 04 =-27642 04 89319 00
3000 04 23018-02 22848-02 ~27691 04 -27692 04 B9146 0O
3000 04 23018-02 22729-01 =27697 04 =27697 04 89129 0O
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Table 2=--continued

Tempera- Density, Enthalpy, Energy, Entropy,
ture, Pressure, d h u s (cal/

T (°K) P (atm) (gm/cc) (cal/gm) (cal/gm) deg-gm)
2500 04 10000-07 95478-12 41730 04 39194 04 44152 01
2500 04 10000-06 98138-11 39683 04 37216 04 41034 01
2500 04 10000-05 99436-10 38778 04 36343 04 38414 01
2500 04 10000-04 10430-08 35966 04 33644 04 35081 01
2500 04 20330-04 22397-08 32916 04 30718 04 33218 01
2500 04 20330-04 24885~-08 26685 04 24706 04 30726 01
2500 04 20330-04 27996=08 20454 04 1869% 04 28233 01
2500 04 20330-04 31995-08 16223 04 12684 04 25741 01
2500 04 20330-04 37328-08 79916 03 66726 03 23248 01
2500 04 20330-04 44793-08 17605 03 66134 02 20756 01
2500 04 20330-04 55991-08 -44706 03 -53500 03 18263 01
2500 04 20330~04  T7T4655-08 -10702 04 ~11361 04 15771 01
2500 04 20330-04 11198=07 -16933 04 =-17373 04 13279 01
2500 04 20330-04 22397-07 -23164 04 =-23384 04 10786 01
2500 04 20330-04 22397-06 -28772 04 -28794 04 85429 00
2500 04 20330-04 22397=05 =29333 04 =-29335 04 83186 00
2500 04 20330«04 22396-04 =29389 04 -2938% 04 82961 00
2500 04 20330-04 22395-03 -29394 04 -2939%5 04 82939 00
2000 04 10000-07 12678-11 36351 04 34441 04 41767 01
2000 04 14013-07 17939-11 35789 04 33897 04 41165 01
2000 04 14013-07 19932-11 28827 04 27125 04 37684 01
2000 04 14013-07 22423~11 21866 04 20352 04 34203 01
2000 04 14013-07 25627-11 14904 04 13579 04 30722 01
2000 04 14013-07 29898~11 79418 03 68067 03 27241 Ol
2000 04 14013-07 35877-11 97988 02 33983 01 23760 01
2000 04 14013-07 44846-11 -59820 03 -67387 03 20280 01
2000 04 14013=-07 59795-11 =12944 04 =-13511 04 16799 01
2000 04 14013-07 89693-11 -19906 04 -20284 04 13318 01
2000 04 14013-07 17939=10 -26868 04 -27057 04 98367 00
2000 04 14013-07 17939-09 -33133 04 =-33152 04 67038 00
2000 04 14013=-07 17939-08 =-33760 04 -33762 04 63905 00
2000 04 14013-07 17939~-07 -33823 04 -33823 04 63592 00
2000 04 14013-07 17939-06 =-33829 04 04 63561 00

-33829
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Table 2--continued

Tempera- Density, Enthalpy, Energy, Entropy,
ture, Pressure, d h u s (cal/
T (°K) P -(atm) (gm/cc) (cal/gm) (cal/gm) deg-gm)
1500 04 66176-13 10987-16 36186 04 34727 04 53179 01
1500 04 66176~13 12207-16 29026 04 27713 04 48405 01
1500 04 66176-13 13733~-16 21865 04 20699 04 43632 01
1500 04 66176-13 15695-16 14705 04 13684 04 38858 01
1500 04 66176-13 18311-16 75452 03 66700 03 34085 01
1500 04 66176-13 21973=16 38508 02 =34425 02 29311 01
1500 04 66176~13 27467~16 =-67750 03 -73585 03 24538 01
1500 04 66176-13 36622-16 =13935 04 -14373 04 19764 01
1500 04 66176=13 549346~-16 -21095 04 -21387 04 14991 01
1500 04 66176-13 10987~15 =-28255 04 -28401 04 10218 01
1500 04 66176-13 10987-14 -34700 04 ~34714 04 59215 00
1500 04 66176=-13 10987-=13 -35344 04 -35345 04 54919 00
1500 04 66176-13 10987-12 -35408 04 -35409 04 54490 00
1500 04 66176-13 10987-11 -35415 04 ~3541% 04 54447 00
5486 04 10000 03 67855~-02 25966 04 22396 04 19205 01
4647 04 10000 02 76754=03 25677 04 22522 04 20680 01
4036 04 10000 01 B84175~-04 26310 04 23432 04 22430 01
3568 04 10000~00 90458-05 27511 04 24833 04 24433 01
3197 04 10000-01 96004-06 29004 04 26482 04 26650 01
2897 04 10000-02 10120-06 30570 04 28177 04 29023 01
2648 04 10000-03 10645-07 32024 04 29749 04 31488 01
2439 04 10000-04 11190-08 133269 04 31105 04 33988 01
2262 04 10000~05 11736=09 34364 04 32301 04 36526 01
2113 04 10000-06 12287-10 35295 04 33324 04 39077 01
1982 04 10000-07 12903-11 135850 04 33972 04 41516 Ol
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Fig.1—Enthalpy versus entropy for alumina with cross plots of
constant femperature, pressure, molecular weight, and
moles of condensed aluminum oxide
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Fig.3—Sublimation temperature for alumina, graphite, magnesia,
silica, and zirconia at various pressures
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