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THERMODYNAMIC PROPERTIES OF MINERALS AND
RELATED SUBSTANCES AT 298.15°K (25.0°C) AND
ONE ATMOSPHERE (1.013 BARS) PRESSURE
AND AT HIGHER TEMPERATURES

By RICHARD A. ROBIE and DAVID R. WALDBAUM

ABSTRACT

Critically selected values for the entropy (S°sss.15), molar volume (V°sss.15),
and for the heat and Gibbs free energy of formation (AH‘r2s1s and
AG®,20.15) are given for 50 reference elements and 2856 minerals and related
substances. For 211 materials for which high-temperature heat-capac-
ity or heat-content data are available AH°rr, AG°nr, S°r, logKer and
(G°r —HP°:.35/T) are tabulated at 100°K intervals for temperatures up
to 2,000°K. For substances having solid-state phase changes or whose melt-
ing or boiling point is less than 2,000°K, we also have tabulated the prop-
erties listed above at the temperature of the phase change so that the heat
or entropy changes associated with the transformation form an integral
part of the high-temperature tables.

INTRODUCTION

The purpose of these tables is to present a critical summary of
the available thermodynamic data for minerals and related sub-
stances in a convenient form for the use of earth scientists. To
make the tables as useful as possible we have tried to include as
much of the necessary auxiliary data as possible so that a single
set of tables would suffice for most calculations, to insure internal
consistency and to provide for the means of rapid revision and
expansion as new data become available.

This compilation is divided into two sections. In the first section
we give values for the entropy (S©us.s), molar volume (V©us1s),
the heat (enthalpy, AH®:s.) and Gibbs free energy (AG®;s.15),
and the logarithm of the equilibrium constant of formation (log
Ki,:s.15) for the reference elements, minerals, a number of oxides,
and other substances of geological interest. The data have been
critically evaluated and uncertainties assigned to the 298.15°K
properties. The sources of data are indicated numerically in the
tables and listed in complete form following the tables.
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The data are arranged in order of their conventional min-
eralogical groups. Within each group (for example the oxides)
the listing is by alphabetical order of the chemical symbol of the
principal cation.

The tables in the second section contain values for the
high-temperature thermodynamic properties, H° —Hus.1s,
(GOT —"Hozss.u)/T, SOT, AGOM-, AHom, and log' Kr,’r at 100°K inter-
vals up to 2000°K. Heat-capacity data, as such, have been omitted
from these tables in favor of the function H°: —H?C,s,s which is
the quantity actually measured in most high-temperature experi-
ments. Heat capacities, C,, derived from H°;, —H?®:..s data are at
best only approximate and their use should be avoided when
possible, Approximate values for C, are readily obtained from
the first differences of the tabulated H°r —HCus.s function.

Thermodynamic properties of gases at high pressures have not
been included in these tables. High pressure-high temperature
functions of the geologically important gases H.O and CO, are
given by Bain (1964), Hilsenrath and others (1955), and Robie
(1966).

These tables entirely supersede two earlier reports on the same
subject matter by Robie (1959, 1966).
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PHYSICAL CONSTANTS AND ATOMIC WEIGHTS

The symbols and constants adopted for this report are listed in
table 1. Values for the physical constants used in the calculations
were those recommended by the National Academy of Science-
National Research Council (U.S. Natl. Bur. Standards Tech. News
Bull,, v. 47, p. 175-177, 1963). For convenience we also give
values of the international atomic weights for 1963 (scale
C®=12.0000) in alphabetical order by their chemical symbol in
table 2. Elements for which no atomic weight is listed have no
stable isotope.

H® —H°

T 208.18

AH®
1

AG®
'

K:
Cp

AH°

melt

AH®

o
£98.15

cal

atm
bar
log

In

TABLE 1.—Symbols and constants
Temperature in degrees Kelvin, (°K)
Gram formula weight
Enthalpy at temperature T relative to 298.15°K in cal gfw-?,
also called the heat content.

Entropy at temperature T in cal deg-gfw~1!

Gibbs free energy function in cal deg-gfw™!

Heat of formation from reference state in cal gfw~!

Gibbs free energy of formation from reference state in cal
giw™!

Equilibrium constant of formation

Heat capacity at constant pressure in cal deg-gfw™!

Superscript indicates the substance is in its standard state

Heat of melting at one atmosphere in cal gfw™!

Heat of vaporization to ideal gas at one atmosphere at the

~ normal boiling point in cal gfw™!

Volume of one gram formula weight at one atmosphere and
298.15°K in em?®

Gas constant, 1.98717+.00030 cal deg-gfw~!, 8.31469 joules
deg-gfw™?

Calorie, unit of energy, 4.1840 absolute joules, 41.2929 cm®
atmosphere

Avogadro’s number, (6.02252+.00028) x10%® formula ‘units
gfw™!

Pressure, either in atmosphere or bars

Atmosphere, 1,018,250 dynes cm ™2

Bar, 1,000,000 dynes ecm™?

Common logarithm, base 10

Natural logarithm, base e=2.71828, . .
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TABLE 2,— Atomic weights for 1963

Atomic Atomic

Element Symbol wetght Element Symbol weight
Actinium _________ Ac Nitrogen _._______ N 14.0067
Silver ____________ Ag 107.870 |Sodium ___________ Na 22,9898
Aluminum ________ Al 26.9815 | Niobium o ____ Nb 92.906
Americium ________ Am?®®  243.061 Neodymium _______ Nd 144,24
Argon __________.__ Ar 39.948 Neon Ne 20.183
Arsenic ___________As 74.9216 | Nickel ____________ Ni 58.71
Astatine __________ At Neptunium _______ Np*"  237.048
Gold _____________ Au 196.967 Oxygen ___________ 0 15.9994
Boron ____________ B 10.811 Osmium __________ Os . 190.2
Barium ___________ Ba 137.34 Phosphorus _______ P 30.9738
Beryllium _________ Be 9.0122 |Protactinium ______ Pa

Bismuth __-_______ Bi 208.980 - |Lead _______-_____ Pb 207.19
Bromine _______ ——_Br 79.909 |Palladium ________ Pd 106.4
Carbon ___________ C 12.01115 | Polonium _________ Po

Calcium __________ Ca 40.08 Promethium ______ Pm

Cadmium ________-Cd 112.40 Praseodymium ____Pr 140.907
Cerivm ___________ Ce 140.12 Platinum _________ Pt 195.09
Chlorine __________ Cl 85.458 |Plutonium ________Pu®®  239.052
Cobalt ____________ Co 58.9882 |Radium ___________ Ra

Chromium ________ Cr 51.996 |Rubidium _________ Rb 85.47
Cesium ___________ Cs 132,905 |Rhenium __________ Re 186.2
Copper ___________ Cu 63.54 gggg;um """""" gﬁ 102.905
Dysprosium Dy 16250 1 p thenium . Ru = 10107
Erbium ___________ Er 167.26 Sulfur . S ’ 32' 064
Europium _________ Eu 151.96 Antimony '

. ntimony _________ Sb 121.76
Fluorine - F 18.9984 | Scandium Se 44.956
TXOn e Yo T lSelenium ________ Se 78.96
Gallium Ga 69.72 Silicon ___________ Si 28.086

e e TTTTTT . Samarium __.______ Sm 150.35
Gadolinium _______ Gd 157.25 Tin Sn 118.69
Germanium _______Ge 7259 | Strontium ________ Sr 87.62
Hyc?rogen —mrmmmee— H 100797 | rantalum _________ Ta 180.948
Helium ___________ He 4.0026 | perhium __________ Tb 158924
Hafniqm _________ Hf 178.49 Technetium _______ Te
Mercury —________ Hg 20059  |rpellyrium _________ Te  127.60
Slolmium =S ss s Ho 164930 Jmporjum Th  232.038
Iodine ____________ I 126.9044 Titanium _________ Ti 47.90
Indfum __________ In 11482 | Thallium _________ Tl 204.37
Iridium ___________ Ir 192.2 Thulium __________ Tm  168.934
Potassium ________. K 39102 | ypanium _________ U 238.03
Krypton __________ Kr 83.80 Vanadium __.______V 50.942
Lanthanum .______ La 138.91 Tungsten _________ w 183.85
Lithivm __________ Li 6939 |Xenon ____________ Xe 131.30
Lutetium _________ Lu 174.97 Yttrium __________ Y 88.905
Magnesium _______ Mg 24,312 | Ytterbium ________ Yb 173.04
Manganese ________ Mn 54.9380 (Zine ______________ Zn 65.37
Molybdenum ______ Mo 95.94 Zirconium ________ Zr 91.22
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REFERENCE STATES AND TRANSITIONS

The reference states for AH®, AG®, and log K, of the com-
pounds are the elements in their standard state at one atmosphere
pressure and the stated temperature. The standard states for the
condensed elements are the most stable form at one atmosphere
and the stated temperature. For gaseous elements the standard
state is the ideal gas at one atmosphere pressure. Data are listed
for 50 elements used as reference phases in their standard ref-
erence states, and for a few in nonstandard states, for example,
S, gas and the diamond form of carbon. Melting and boiling points
and their associated enthalpy changes are listed at the bottom of
each of the tables of high-temperature properties. A solid hori-
zontal line in the tables indicates a transition in the phase. A
dashed line in the columns AH®, AG®, and log K. indicates a
transition in one of the reference elements. Transitions in the
reference elements are also listed separately at the bottom of each
table. Inasmuch as most of the high-temperature “heat-capacity”
data are actually heat-content measurements and not true specific
heats, we have followed the practice of Kelley (1960) and treated
all of the high-temperature transitions as first order at a sin-
gle temperature. At the transition temperature the functions
H°: —HC%g.s, S°, and AH°,. make a stepwise change; AG®,,
and (G°r —HC%us1)/T are continuous but their temperature
derivatives change abruptly. These properties of the functions
must be borne in mind when interpolating in the tables.

Heats and free energies of formation for multiple oxide phases
using the binary oxides as reference states have been computed
as an internal check for errors in the input data, but are not
tabulated because of the lack of reliable data for K.O, Na.O, and
FeO. We do, however, give values for most of the common oxides
for those who wish to use them as reference states.

SOURCES OF DATA

Many summaries of thermochemical data have been particularly
helpful in constructing these tables. In table 3 we give an abbre-
viated chronological listing of the more important contributions
to the critical evaluation and collection of thermodynamic data of
particular interest to earth scientists.

For the thermodynamic functions of the elements we have
adopted the values chosen by Hultgren, Orr, Anderson, and Kelley
(1963 and supplements) and (or) the JANAF tables (Stull and
others, 1966) whenever these tabulations clearly superseded the
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TABLE 3.—Chronological list of important critical summaries of
thermodynamic data for inorganic substances

[Dates in brackets refer to earlier reports superseded by a more
recent compilation, Only the most recent summary is listed in

the references]

Authors and date

K. K. Kelley [1932, 1949], K. K.
Kelley and E, G. Klng, 1961

K. K. Kelley [1934, 1949], 1960

1935

J. P. Coughlin, 1954

D. R. Stull and G. C. Sinke, 1956 ____

JANAF Tables (D. R. Stull, ed.)
1959— (continuing)

R. D. Freeman, 1962

R. Hultgren and others, 1963 (con-
tinuing)

D. D. Wagman and others, 1965,
1966 (continuing)

R. A. Robie, 1966

Type of data
o
298.15
HO — o , o —_ ]
T 298.15 T 298.15
AH® AG®
. 1,288.15 1,208.18

of carbonates

o
1,288.15
AHO o
1,298.15 1,898.15
of sulfur compounds
Se and
298. 15
o

.1,208.15

AH° and AG°®
£,T £.T

and A

o
1.298.15,

of oxides

H° —H° ) (G" -—H° )/T,

T 298, 1
S; for the elements

H X AGM, ST, log K o

of light element com-
pounds

Hl.zss 15’ ( - sts 15)/T
of sulfides

T eesas’ T 20815’
(G° —H° )/T of metal-

298. 1
lic elements and alloys

AH® , AG® S

,
1,298, 15 £,298.15 298.15

H° , AG® , and
1,298.18 1,208.15

S° . 15for minerals
298. .
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earlier comprehensive summary by Stull and Sinke (1956). For
compounds we have accepted the high-temperature enthalpy and
entropy data selected by Kelley (1960) with the addition of data
which has become available since then. Two important sources of
data for the heat of formation, AH® s, and entropy, S©us.is,
were the tables of Robie (1966) and of Wagman and others (1965,
1966).

Values for AG®, .. for the more common aqueous ions, are
also listed, in order to facilitate calculations of aqueous equilibria.
The reference state for the free energies of the aqueous ions is
the hypothetical ideal solution of unit molality. Values for AG®°,
are listed based on the usual convention that AG®,, AH®,, S°, and
C°, are 0.00 for aqueous H* ion in the hypothetical one molal
ideal solution. A more complete discussion of the conventions
adopted for tabulating the thermodynamic properties of aqueous
ions is given by Wagman and others (1965). The molar volumes
are virtually all from a critical summary by Robie, Bethke, and
Beardsley (1967).

Although the principal sources of data for AH°, have been
solution or combustion calorimetry, for many compounds the best
available data are from solubilities, electrochemical-cells, reduction
equilibrium, or decomposition pressure data. For the simpler
gases the thermodynamic constants calculated from spectroscopic
data are usually the most precise.

In order to insure internal consistency in these tables and
because of the complex nature of many of the reaction schemes
used to obtain AH®,; or AG®;, we have corrected all the older data
to the values adopted here. For multiple oxide compounds, the
heats of formation are most commonly measured utilizing the
binary oxides as reference phases. However, stoichiometric K.O
and Na,O cannot be prepared reproducibily and FeO is thermo-
dynamically unstable. Furthermore, «-Al,Q;, corundum, is insol-
uble in all common calorimetric solvents. Consequently mixed
sets of reactants such as the alkali halides, aluminum hydroxide
(gibbsite), or an element have frequently been used as the ref-
‘erence phases. For example the heat of formation of muscovite
was determined from the reaction 3Si0,+3Al1(0OH),+KCl+
9.731H.0 =KAI; [AlSi;04] (OH). + HCI®12.731H,0 and by utilizing
literature data for the heats of formation of the other phases.
Accordingly any improvement in AH®, of quartz, gibbsite, sylvite,
or aqueous HCl will alter the heat of formation of muscovite. We
have accepted the values of Wagman and others (1965, 1966) for
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aqueous hydrochloric, sulfuric, and hydrofluoric acids and for
crystalline PbSO, and Hg.SO, in order to correct the older heat or
free energy values of the chlorides, sulfates, and alkali-aluminum
silicates. We have also made a small correction to the enthalpies
of formation of those sulfides for which AH®, has been obtained
from hydrogen reduction equilibria.

METHODS OF CALCULATION

Having chosen what we believe are the currently “best avail-
able” values for H°, —Hozss.ls,, SO —S%gs1s, and AHC 2015, We
have calculated the Gibbs free energy function, and the enthalpy,
free energy, and equilibrium constant of formation at 100°K
intervals using the following relations:

Go'l‘ _H°298.15 _ Ho'l‘ - H°298.15

_ Qo
AHO"T = AHOMQS‘"’ + A[HOT _Hozss.xs] (2)
o _Ho
AG®qr = AH®ps015 + TA [QT_T_Hﬁ’L‘E.] (3)
and
—AG®y,
log Kux = —Je75ga T )

These values are tabulated in the second section.

A Fortran II source program written for an IBM 7094 com-
puter was used for the above calculations. The essential feature
of the program is that internally consistent thermodynamic funec-
tions can be calculated for several hundred compounds in a single
run of the computer. This consistency is accomplished by first
calculating the thermodynamic functions for 50 reference elements
and holding this data in memory for later computations involving
substances having these elements as reference states. As new
thermodynamic data become available, only a minimum number
of changes in punched cards of the master data deck are needed
to prepare a completely revised set of internally consistent tables.

The input data supplied to the computer are the identifying
name of the substance, the entropy and enthalpy at 298.15°K and
their uncertainties, and the entropy and enthalpy increments,
S°, —S%s and HO: —HC.s at 100° intervals, together with
the number of atoms of each element in the chemical formula.
Auxiliary data such as the melting and boiling points and heats
of melting and vaporization are also included as input. The pro-
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gram computes the formula weight of the compound and values
for So-r, AHor.'r, AGO!,T, IOg Kf,'r and (Go'r _H°298.15) /T at 100° inter-
vals and the uncertainties in the 298.15°K properties.

The algorithms for calculating high-temperature functions
from discrete 100°-interval data are relatively inefficient computer
routines, and could be greatly simplified by the use of analytical
functions (see for example, the JANAF thermochemical tables,
Stull, 1966). We have purposely avoided the use of simple analyti-
cal representations of the high-temperature functions, in that such
analytical functions are only approximate representations of the
experimental data. The precision and accuracy of the original
data are best served by using the graphically smoothed data
directly.

Although the absolute value of AG®;,r or AH®,,; is rarely known
to better than =500 calories these quantities are tabulated to the
nearest calorie. This procedure is justified because the tempera-
ture derivatives of AG®,, and AH®,,

(dAG®,/dT),=AS°, (5)
‘and
(daH°,/dT),=AC, (6)

are calculated from the heat-content data which are known inde-
pendently of the heat or free energy. The practice of rounding
tabulated values of AG®, or AH®, on the basis of the uncertainty
in the absolute value does not utilize the full accuracy of the heat-
capacity information and destroys the necessary internal con-
sistency between AH®;..; and the Gibbs free energy function,
(eq 1). Furthermore, in many instances the differences between
AH®, or AG®, for polymorphs are known much more accurately
from phase diagram or calorimetric investigations than the indi-
vidual AH®, or AG®, values, so that rounding off again tends to
obscure small differences of major importance in calculations of
geological interest.

The uncertainties assigned to the properties apply only to the
values at 298.15°K and were taken principally from the original
source of experimental data. By convention the uncertainty
reported for calorimetric measurements is two standard errors,
that is,

o=2] 2 =Dt -1 | )
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where x, is the value for an individual measurement, x is the
arithmetic mean of all the measurements, and n is the number of
observations.

For substances where AH®; .. is the directly measured quan-
tity, the free energy was calculated from,

AG°{.298,15=AHOf,zss.:s—298-15AS°293.15 (8)
and the uncertainty in the free energy was calculated from
¥
o = [ (ox)*+ (2980,)84-2(298"40.[)3] (9)

where o, is the uncertainty in the entropy of the substance, the
os are the uncertainties in the entropies of the i reference ele-

ments, and the n; are the numbers of each element in the chemical
formula of the substance. Uncertainties derived in this manner
were rounded upward to the nearest ten calories, and oc is there-
fore greater than ¢4 by at least 10 cal gfw™".

For substances where o¢ is less than ¢4, the basic quantities
used in the calculations were AG®°,,.s and oc derived from electro-
chemical cell measurements, solubilities, or phase equilibrium
data. Hence, AH®, ;.5 is a more distantly derived quantity having

a larger uncertainty. For these substances ¢« was calculated from
Y%

ou= [(.m)*+ (2980,)" + (2980, )2] (10)

The tables in the first section were prepared by standard data
processing techniques using a Burroughs 280 computer and a
Photon phototypesetting machine, The tables of thermodynamic
properties at high temperatures were prepared from a punched
card deck generated by the IBM computer program described
above. Note that the functions S°; and (G°r—HCus.)/T are
tabulated to 0.001 cal deg™ for the reference elements and to 0.01
cal deg™ for all other substances. Values of the high-temperature
functions at the transition temperatures were calculated by hand
and inserted as punched cards into the master card deck. Several
of the tables in the second section are incomplete due to the lack
of adequate data on the enthalpies of formation of these sub-
stances. The tables are nonetheless included so that when such
data become available, one may readily calculate the remaining
functions using equations 2, 3, and 4 given above.
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Entropy Rc{crcnfes
Gram S%0n1s Molar Log : 3o
Name and formula |formula ) volume |AH®04.15]AG® 20015 S35 Yo
veight (cal deg 3 - - Kraswas | 3 |os ©o] T
weig gfw™") (cm®)  [{cal gfw™)|(cal gfw™") o |5 517 =
Elements
Silver 107,870 10.20 10,272 0 0o Q. 000 68 68
Ag + .05 + .002 158
Ag"' aqueous ion 107,870 18433 -13,512 158
Std. state, m= 1 £+ 50| £ .037
Aluminum 26.982 6.77 9.9993 0 [} . 000 68 148
Al +.02 +, 0005 159
A aqueous ion 26, 982 -116000 | 85.030 159
Std. state, m= | Ed 300 t ,220
Arsenic 74,922 8.40 12,963 0 0 . 000 68 68
As +,20 + .0'15 158
Gold 196.967, 11,31 10,215 ] 0 . 000 68 68
Au +,05 £ .002
Boron 10,811 1,403 4, 386 0 0 .000 148 148
B (Rhombohedral) +.100 +,007 159
Barium 137,34 16.0 38.21 0 0 .000 |149 149
Ba 1.0 t .02
Ba*** aqueous ion  |137.34 -134000 | 98.225 141
Std. state, m=1 + 300 t+ .220
Beryllium 9,012 2,28 4, 880 [} ) . 000 68 68
Be +, 02 +, 002
Bismuth 208,980 13. 56 21.309 0 0 .000 (158 68
Bi £ .10 + ,011 68
Bit** aqueous ion  |208.980 19800 | -14.514 158
Std. state, m= 1 + 100 | £ .073
Bromine 159,818 36.384 54,58 0 0 .000 |158 148
Br2 (Liquid) + ,080 + .20 148
Br~ aqueous ion 79. 909 -24850 | 18.216 158
Std. state, mw 1 E 50 + ,037
Bromine 159.818 58.647 [24465.0 7387 749 -.549 (158 158 148
Br,; (Ideal gas) + .010 & 3.4 + 30 +30 +,022 |148 148
Graphite 12,011 1,372 5.2982 [} 1] .000 (158 148
c +, 005 +, 0009 28
Diamond 12,011 . 568 3. 4166 453 693 -.508 |158 158 155
[o] +.003 +,0003 . x10 +15 +.011 27 56
Calcium 40,08 . 95 26,19 4] 0 . 000 68 68
Ca +.10 + ,04
Ca*™ aqueous ion 40,08 -132180 | 96,890 141
Std., state, m= 1 + 200 + .147
Cadmium 112,40 12,38 13.005 0 0 . 000 68 68
Cd + .04 t .003
Cerium 140,12 15,3 20,77 0 0 . 000 68 68
Ce +2.0 + ,02
Ce*** aqueous ion  [140.12 -170500 | 124,980 141
Std. state, m=1 + 300 | + .220
Chlorine 170, 906 53.288 124465.0 0 0 .000 158 148
Cl2 (Ideal gas) + ,010 & 3.4
C1™ aqueous ion 35,453 -313172 22,996 158
Std, state, m= 1 + 50 + 037
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Entropy
Gram S%0n 15 Molar Log .
Name and formula forr'nula (cal deg- volume |AH® 20s.15/8G 29815 K, omrs :
weight gfw™") (cm®)  |[(cal gfw ™) [(cal gfw ™) o o
Elements
Cobalt 58. 933 7.18 6.670 0 0 0.000 | 68
Co (Hexagonal) +.10 +.002
Co“ aqueous ion 58, 933 -12300 9. 016 141
Std, state, ma 1 £ 200 +,147
Chromium 51,996 5.65 7.231 0 0 .000 | 68
Cr +.05 1,001
Copper 63,54 7,97 7.113 0 0 .000 | 68
Cu +,04 +,003 114
cut aqueous ion 63,54 12000 -8. 796 141
Std. state, m= 1 + 100 + .073
cu*t aqueous ion 63. 54 15530 | -11,384 141
Std. state, m= 1 + 50| & .037
Fluorine 37,997 48.44 |24465.0 0 0 .000 148
F, (ldeal gas) +.05 K 3.4 158
F~ aqueous ion 18,998 -66640 48, 848 158
Std. state, m=1 + 100 + .073
a-lron 55. 847 6.52 7.092 0 0 . 000 68
Fe +.03 £,004
Fe*™ aqueous ion 55, 847 -20300 | 14.880 141
Std. state, m = 1 £+ 100 | + .073
Fe'** aqueous ion 55.847 -2520 1.847 141
Std. state, m = 1 £ 50 +.037
Hydrogen 2.016 31.208 (24465.0 0 0 .000 (158
Hy (ldeal gas) + .010 & 3.4 148
HY aqueous ion 1.008 0 . 000 158
Std. state, m=1
Hafnium 178,49 10, 41 13,479 0 0 .000 | 68
Hf £ .05 + ,010
Mercury 200. 59 18.17 14,822 0 0 .000 (158
Hg (Liquid) + .02 + .002
Hg™* aqueous ion  |200.59 39380 | -28.866 141
Std. state, m = 1 + 50 | £ .037
Hgo't aqueous ion  [401,18 36790 | -26.968 141
Std. state, m=1 t 50 [ £ .037
lodine 253, 809 27,757 51,29 0 0 .000 [148
I, (Crystal) + .040 t .08 158
1" aqueous ion 126, 904 -12330 9,038 158
Std. state, m= 1 + 50 +.037
Iodine 253, 809 62,28 [4465.0 14923 4627 -3,392 [158 158
I, (Ideal gas) t .05 & 3.4 + 20 + 20 t ,015 148
Potassium 39,102 15.48 45,36 0 0 . 000 68
K t ,02 + .09
K* aqueous ion 39,102 -67700 | 49.625 158
Std, state, m= 1 + 100 + ,073
Lithium 6.938 6,95 13,017 0 0 .000 113
Li +,04 £ ,007
Li* aqueous ion 6. 939 -70220 | 51,473 141
Std. state, m = 1 + 50 | % .,037

Relerences |

148

68

148

68

68

148

148

148




PROPERTIES AT 298.15°K
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Entropy References
Gram S°, Molar L e
Name and formula | formula e volume [aH®, AG®29ns ok 2z
X (C'sl‘ deg \ {29815 {29815 KIJMM.]A % o
weight gfw ) (em)  [(cal gfw ™)} (cal gfw™) Pk
Elements
Magnesium 24,312 7.81 13,996 0 0 0.000 | 68 68
Mg +.03
Mg*t aqueous ion 24,312 -108900 9. 826 141
Std. state, m = 1 t 200 + .147 143
Manganese 54,938 7.65 7.354 0 0 .000 | 68 68
Mn +,02 +,007
Mn** aqueous ion 54,938 -53400 | 39,143 141
Std. state, m=1 + 200 t (147
Molybdenum 95. 94 6,85 9.387 0 0 .000 | 68 68
Mo +,05 +,005
Nitrogen 28,013 45,77 |24465.0 0 0 .000 |158 148
Ny (Ideal gas) + ,02 [t 3.4 148
Sodium 22,990 12,24 23,812 0 0 ,000 112 148
Na + ,12 t .010 158
Na* aqueous ion 22,990 -62539 | 45, 842 158
Std., state, m= 1 + 50 + ,037
Niobium 92, 906 8,170 10, 828 0 0 . 000 68 68
Nb £,10 + .005
Nickel 58. 71 .14 6,588 [} [} . 000 68 68
Ni +,02 +,003
Ni** aqueous ion 58, 71 -11100 8.137 141
Std, state, m= 1 + 200 ., 147
Oxygen 31,999 48,996 (24465.0 o 0 .000 |158 148
O, (Ideal gas) + .010 £ 3.4
Phosphorus 30.974 5.45 17,2 0 0 .000 |148 148
P (Red V) .02 + .3
Lead 207,19 15,55 18,267 0 0 . 000 68 68
Pb + .10 t .006
PbH' aqueous ion 207.19 -5830 4,274 159
Std, state, m= 1 t 50 +,037
Platinum 195,08 9.95 9,081 0 0 . 000 68 68
Pt +,05 +,004
Orthorhombic sulfur 32,046 7.60 15,511 0 1] .000 [158 148
S +.04 + ,005 78
S™" agueous ion 32,046 20500 | -15,027 158
Std, state, m= 1 + 200 | £ .147
Monoclinic sulfur 32,064 7,18 16.49 80 26 -.019 78 158 148
S +,06 t .08 +20 120 +,015
Di-Atomic sulfur 64,128 54,51 [24465.0 30840 19120 -14,015 |[158 148 148
Sy (Ideal gas) + /10 # 3.4 + 150 + 160 | £ .1i7 (148 158
Octa-Atomic sulfur 256, 512 102,82 [24465.0 24200 11620 -8.518 148 148 148
Sg (ldeal gas) + ,40 ¢ 3.4 + 150 + 200 + ,147 (158 158
Antimony 121,75 10. 92 18,178 0 0 . 000 68 68
Sb .05 + ,009 158
Selenjum 78. 98 10,144 16,420 0 [ .000 J158 149
Se + ,050 + ,007
Silicon 28,086 4.50 12,056 0 0 . 000 68 68
Si t.02 + .002 35
L




14 THERMODYNAMIC PROPERTIES OF MINERALS
Entropy Re_I'cr:nfcs
Gram S%9mas Molar Lo
Name and formula |formula - volume |AH® 10k 14]AG® 20k 15 &
ioht (cal deg- | " : y = |‘ KI“.'ﬂAJ.‘.
| weigl glw ') {em™)  [(cal gfw™")[(cal gfw ")
Elements
B-Tin 118.69 12,32 16,289 0 0 0.000 | 68 68
Sn (White) t .06 t .005 159
Strontium 87.62 12,5 33. 921 0 0 .000 | 68 68
Sr + .5 £4.020
sr*t aqueous ion 87.62 -133200 97.638 141
Std. state, m =1 + 200 t .147
Tellurium 127,60 11,88 20,476 0 0 .000 |158 68
Te + .10 + .008 68
Thorium 232,038 12.76 19,788 0 0 .000 | 68 68
Th + .20 £ ,010
Titanium 47,90 7.32 10.631 0 0 .000 | 68 68
Ti +,02 + ,010
Uranium 238,03 12.00 12,497 0 0 .000 | 68 68
U + .03 + .020
ut* aqueous ion 238, 03 -124400 | 91.188 141
Std, state, m= 1 E4 200 + . 147
Ut aqueous ion  |238. 03 -138400 | 101,450 141
Std. state, m =1 + 200 | + ,147
Vanadium 50, 942 .91 8,350 0 0 .000 | 68 68
v £,10 +,004
v*t aqueous ion 50, 942 54200 | -39.730 42
Std. state, m= 1 + 200 | £ .147
vt aqueous ion 50, 942 -60100 | 44.054 42
Std, state, m= 1 + 200 t .147
Tungsten (Wolfram) (183,85 7.80 9. 545 0 1] . 000 68 68
w £.10 +,004
Zine 65,37 9.95 9,162 0 0 .000 | 68 68
Zn £.05 +,007
zn** aqueous ion 65.37 -35184 25. 791 141
Std. state, m= 1 + 50 + .037
Zirconium 91,22 9,31 14,016 0 0 .000 (148 148
Zr £,04 t ,007 31
Ammonia 17,031 45,97 |24465.0 -11020 -3945 2,892 (158 158 148
NH3 (Ideal gas) . t .05 3.4 + 100 + 110 +,081 (148
NH; aqueous ion 18, 039 -18970 | 13,905 158
Std, state, m= 1 + 50 | % .Q37
Methane 16,043 44.49  |24465.0 -17880 -12127 8.889 (158 158 148
cﬁ‘1 (Ideal gas) + .05 g 3.4 + 80 + 90 +. 066
Cementite 179, 552 24,96 23,23 5960 4759 -3.488 (68 162 68
Fe C + ,80 +,05 £320 £410 | + .301 68
Sulfides, arsenides, tellurides, selenides, and sulphosalts
Acanthite 247, 804 34,14 34,19 -17731 -9562 7,009 | 52 47 4
Ag,s I + .10 + .04 £ 210 £ 200 £.147 139"
Realgar 106. 986 15,18 29,80 -17050 -16806 12,319 (173 158
AsS % .15 +,24 £ 500 + 510 | t ,374
Orpiment 246. 035 39,1 70, 51 -40400 -40250 29,504 [138 158
As,S, + .7 £ .25 + 1000 £ 1050 | % .770
Bismuthinite 514,152 47,9 75,52 -33900 -33298 24,408 [138 15
.8 £ .04 + 250 + 200 | + .147

Bi253




PROPERTIES AT 298.15°K
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Entropy References
] Gram | ge,. . Molar Log P I
Name and formula formula (cal deg- volume |AH®265.15]AG®) 108 15 L SFITRT. : ut ES
weight gfw ') (em")  |(cal gfw ") |(cal gfw ') ’ P +
Sulfides, arsenides, tellurides, selenides, and sulphosalts
Oldhamite 72,144 13.54 27,72 | -114265 -113070 82,882 | 178 128
CaS t .30 + .09 + 510 E 500 t .367
Greennockite 144,464 16, 80 29,934 | -35755 -34807 25.514 | 718 2 38
cds + .40 +,015 | £ 300 + 330 t .242
Covellite 95, 604 15.93 20,42 -11610 -11720 8.591 | 78 38 13
CuS + .40 + .02 + 1000 + 1010 +. 740
Chalcocite 159,144 28, 86 27,475 | -19148 -20734 15.198 | 78 20 74]
Cu,S 11 t .50 + ,016 | + 300 + 340 t .249 (160 127
i
Troilite 87. 911 14,42 18.20 -24130 -24219 17.753 | 53 133 741
FeS + .04 +,03 + 350 t 360 t ,264 2 i
Pyrrhotite 81,042 | 14,53 17.58 53 i
i
Fe g..S + .05 + .03 i
1
Pyrite 119,975 12,65 23,940 | -41000 -38296 28,072 | 52 154 74}
FeS, t ,03 + .007 + 400 + 410 t+ ,301 :
Ll
Ferroselite 213,767 20,76 29. 96 52 '
FeSe2 + ,06 + .05 ‘
Frohbergite 311,047 | 23,94 38,43 52 :
I"e'l"e2 + .03 + .05 |
Hydrogen sulfide 34,080 49,16 [24465.0 -4930 -8016 5.876 {158 158 14s|
H,S (Ideal gas) +,05 & 3.4 + 150 + 160 +.117 ‘
HS™ aqueous ion 33,072 -2880 2,111 158 |
Std. state, m = 1 + 200 £,147 |
Cinnabar 232,654 19,72 28,416 | -13900 -12096 8.867 88 73 38!
HgS (Red) + .50 +,015 | + 500 + 530 +.389 '
Metacinnabar 232,654 23,0 30.169 -11170 -10344 7.582 | 18 46
HgS (Black) 1.0 +£.016 | £ 360 + 200 +,147
Alabandite 87.002 18.69 21,46 -51115 -52140 38.220| 718 2 74
MnS + .40 £ .01 + 200 + 240 £.176 30
Molybdenite 160, 068 14, 96 32.02 -73200 -71086 52.107 | 52 38
Mos, + .05 + .02 + 200 + 210 £ ,154 147 :
Millerite 90, 774 15,80 16,89 -20284 -20600 15.100 | 52 140 74
NiS +1, 00 t ,01 + 1000 + 1050 + .770 {173
. 1
Galena 239,254 21, 84 31,49 -23353 -22962 16,832 | 78 146 74i
PbS + ,30 + ,01 + 230 £ 200 t .147 92
Clausthalite 286.15 24.48 34,61 -24662 -24300 17,812 | 78 159
PbSe t .50 + ,01 + 530 £ 500 + .367
Altaite 334,79 26. 26 40.60 -16949 -16600 12,168 | 78 141
PbTe + .50 £ .01 + 340 + 300 + ,220 159
Cooperite 227,154 13,16 22,15 -19700 -18391 13,481 | 52 52
PtS £ .03 + .01 + 800 + 810 + .594
Stibnite 339,692 43.5 73.41 -41800 -41460 30.391 | 89 158
Sb,ySq t .8 t .04 + 1000 + 1010 + .740
Herzenbergite 150. 754 18,36 29,01 -25464 -24999 18.325 | 78 133 74
SnS + .20 £ .02 + 350 t 360 + .264
Tungstenite 247,978 22,1 32,07 -71300 -71210 52.198 | 52 38
WS, £2,0 £,02 £ 200 £ 640 + .469
Sphalerite 97,434 13,717 23,83 -49750 -48623 35,642 | 78 38 123
ZnS £ .20 .01 + 500 + 510 + .374 126
Wurtzite 97,434 16, 56 23,846 | -46095 -45760 33.543 {132 2 123
ZnS +1.00 £ .013 | £ 200 £ 300 + ,220
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16 THERMODYNAMIC PROPERTIES OF MINERALS
Entropy References
Gram S, 0n14 Molar Log PR -1
Name and formula | formula (cal d volume [AH® b0 14[AG® 2un15 K Slis H e
ight Cal deg- N , i, JETEREN I [ ° -
weig gfw ™) (ecm™)  |[(cal gfw 'y|(cal gfw ™) o T ?1 =
Oxides and hydroxides
Corundum 101, 961 12.18 25,575 | -400400 -378082 277.141 78 103 39
A1203 + .03 £ .007 | £ 300 ES 310 + .227 39
Boehmite 59,988 11,58 19,535 | -235500 -217674 159,559 78 141 74
A10(OH) + ,05 + .026 | £ 3500 + 3510 %+ 2.573
Diaspore 59, 988 8.43 17,760 86
AIO(OH) +,04 + ,026 78
Gibbsite 78. 004 16,175 31,956 | -306380 -273486 200, 470 78 12 74
Al((')H)3 + .10 + .,015 | £ 300 + 3to| = .227
Arsenolite 197, 841 25,6 51.118 | -157020 ~137731 100,959 (158 158
A5203 +t ,5 + ,069 | & 400 + 450 t .330
Claudetite 197, 841 28,0 417,26 -156483 -137910 101,091 (158 158
A5203 +1,0 + ,03 ES 300 + 250 + .183
Boric Oxide 69.620 12,90 27.22 -303640 -2841729 208,712 | 148 148 148
8203 + ,10 + ,06 + 400 + 410 + .301 [159 159
Barium Oxide 153,339 16.8 25.588 | -139060 -131994 96. 754 78 108 74
BaO .3 + ,010 | % 700 + 770 + .564
Bromellite 25,012 3,37 8.309 | -143100 -136121 99. 779 78 22 157
BeO +.02 +,003 | & 150 t 160 + .117 [148 66
Bismite 465, 958 36.2 49,73 -137160 -117855 86.463 (158 105 74
0'31203 + .5 + ,06 ES 300 + 350 + .257 158
Carbon Monoxide 28,011 47,219 [24465.0 -26416 -321781 24.029 (158 158 148
CO (Ideal gas) + ,010 £ 3.4 + 20 30 + .022
Carbon Dioxide 44,010 51,06 [24465.0 -94051 -94257 69,092 {158 158 148
CO2 (Ideal gas) + .01 R 3.4 t 30 + 40 + .029 58
CO, aqueous ion 60.009 -126170 92.485 158
Std. state, m= 1 + 150 +.110
HCOj aqueous ion 61,017 -140260 | 102.813 158
Std, state, m= 1 + 150 | £ .110
H,CO, un-ionized 62,025 -148940 109.176 158
Stzd. s%ate, m=1 E 50 | £+ ,037
Lime 56,079 9.5 16,764 | -151790 -144352 | 105,813 78 65 174
Ca0 £.5 £ .005 | £ 300 £ 340 | & .249
Portlandite 74.095 19,93 33,056 | -235610 -214673 157,359 78 54 14
Ca(OH)2 t .10 + .016 |t 450 ES 460 | + .337 55
Monteponite 128,399 13,1 15.585 -61200 ~54111 39.664 78 102
Cdo +,3 + ,010 + 200 + 220 + .161
Cerianite 172,119 14,89 23.853 | -260180 -245450 179,920 {179 64 84
CeO2 + ,02 + ,026 |t 350 E 700 | £+ .513
Cobalt Oxide 74,933 12,66 11,64 -57100 -51430 37,699 78 18 74
CoO + .08 t .02 + 300 + 310 + .227
Eskolaite 151,990 19,4 29.090 | -272700 -253203 185,603 78 102 74
Cr203 t ., + .,032 [t 400 t 420 [ + .308
Tenorite 79.539 10,19 12,22 -37140 -30498 22,356 78 15 14
Cuo + .05 + .03 + 300 + 310 t .227
Cuprite 143,079 22.4 23,437 -40400 -35022 25.672 78 22 174
Cu20 + .4 + ,016 + 1500 + 1510 +1.107
Wustite 68, 887 13,176 12,04 -63640 -58599 42,954 8 70 74
Fe (o] + .10 + .04 + 200 + 210 + .154 (148 148
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Entropy References
Gram | go ..\ Molar Loé !
Name and formula | formula (cal del:g- volume [AH®; 146.15/AG® 20m.15 K, son1s : OE 5 .3 *
weight - s 4 SN “ EAALLE B RO
[4 efw™") (cm®)  [(cal gfw™")|(cal gfw ') %153 9z
Oxides and hydroxides
Ferrous Oxide 71,846 14,52 12,00 -65020 -60097 44,052 | 148 148 148
FeO (Fictive) + .40 + .05 £ 500 t 600 + .440
Hematite 159,692 20. 89 30.274 { -197300 -177728 130.278 51 26 74
Fe203 t .05 + .012 | 300 ES 310 + .227 (148 148
Magnetite 231,539 36.03 44,524 | -267400 -243094 178,193 52 70 174
FeaO4 t .10 + .008 | & 500 t 510 + .374 148
Goethite 88, 854 20, 82 -133750 10
a-FeO{(OH) + .04 | £ 250
Germanium Dioxide 104, 589 13.21 24,44 -128080 -116195 85.173 78 109
GeO2 (Quartz form) + .10 + .02 + 130 + 140 + ,103
Water 18,015 16.71 18.069 -68315 -56688 41,553 |158 158 174
H20 {Liquid) + .03 + ,003 Ed 10 1 20 + .015
OH™ aqueous ion 17,007 -37594 27,557 158
Std. state, m= 1 + 10 + ,007
Steam 18,015 45,104 |24465.0 -57796 -54635 40.048 |158 158 148
H,0 (Ideal gas) + ,010 |+ 3.4 + 10 + 20 t .015
Ice 18,015 10,68 19,64 -66879 -53455 39.184 78 141
HZO (Metastable) t .10 t .01 4 50 t 60 + .044
Hafnia 210, 489 14,18 20. 823 | -266050 -252566 185,136 78 22 74
HfO2 + ,10 + ,008 [t 300 + 310 = .227
Montroydite 216,589 16, 80 19,32 -21711 -13998 10, 281 8 22 14
HgO . £ .08 + .02 £ 90 + 100 £ .073
Potassium Oxide 94,203 22,5 40,38 -86800 -76974 56.423 [148 148 148
K20 1.5 + .20 t 500 +* 680 + ,498
Lithium Oxide 29,877 8,98 14,76 -143100 -134329 98.466 [148 148 148
Li20 +.02 + ,01 t 500 E3 510 + ,374
Periclase 40, 311 6,44 11,248 | -143800 -136087 99, 754 14 22 157
MgO t,04 + .004 | £ 100 ES 110 t .081 |[120 148
Brucite 58, 327 15,09 24.63 -221200 -199460 146,208 78 150 74
Mg(OH) , t ,05 £.07 |t 1700 + 1730 £ .535 63
Manganosite 70.937 14.27 13.221 -92050 -86720 63.567 | 718 22 14
MnO + .10 + ., 004 + 110 + 120 + ,088
Pyrolusite 86, 937 12,68 16.61 -124450 -111342 81.616 78 22 74
MnO2 + .10 + .02 + 200 + 210 + .154
Bixbyite 157,874 26. 40 31.37 -228700 -210097 | 154,005 78 118 174
Mn203 + ,50 + .05 + 500 £+ 530} t .389 22
Hausmanite 228,812 36,8 46. 95 -331400 ~306313 224,533 118 22 14
Mn304 1.0 + .06 + 400 t 500 t .367
Molybdite 143,938 18.58 30. 56 -178160 -159745 117, 096 78 103 74
M003 t .10 + .04 + 100 t 110 + .081
Nitrogen Dioxide 46,005 57.35 [24465.0 7930 12262 -8.988 |158 158 148
NO2 (Ideal gas) + .02 | 3.4 +100 t 110 + .081
NO:'3 aqueous ion 62,005 -26610 19.506 158
Std. state, m= 1 + 200 + .147
Sodium Oxide 61,979 17,99 -99400 -90161 66. 090 50 22 148
Na20 t .20 + 1500 + 1510 +1.107
Bunsenite 74,709 9.08 10,97 -57300 -50574 317,072 78 18 174
Nio t,04 + .02 + 100 + 110 + .081




18 THERMODYNAMIC PROPERTIES OF MINERALS
Entropy Refcrenfes
Gram S%0a1s Molar Log ] B
Name and formula |formula (cal deg- volume |AH®/208.15/AG%296.15 Kyaosis | 2 ﬁ sz
. ; ~ ~ 298, S .
weight w1 (cm®) |(cal gfw™)|(cal gfw™") o |Z g =
Oxides and hydroxides
Phosphorus Pentoxide| 283, 889 54. 70 118,8 -713200 -649968 476,439 |158 158 148
PO, (Dimeric) t .10 + .4 + 400 + 410 | £ .301
PO, "~ aqueous ion 94,971 -244000 | 178.857 158
Std. state, m= 1 300 { + ,220
Litharge 223,189 15.6 23,91 -52410 -45121 33,075 78 148 74
PbO (Red) t,2 + .05 + 160 + 180 + .132 159 22
Massicot 223,189 16,1 23,15 -52070 -44930 32,935 78 148 148
PbO (Yellow) . + ,03 + 170 + 180 + .132 [159 22
Minium 685. 568 50,5 6. 81 -171700 -143632 105.285 {159 159 148
Pbao4 +1.5 t+ .09 + 2000 + 2060 | + 1,510 8 :
Sulfur Dioxide 64,063 59.30 P4465.0 -70944 -711750 52,594 (158 158 148
SO2 (I1deal gas) + .10 & 3.4 t 50 + 60 t .044 34
Sulfur Trioxide 80, 062 61,34 24465, 0 -94580 -88690 65,011 (158 158 148
SO3 (Ideal gas) t .20 & 3.4 + 170 + 190 + .139
SO,” aqueous ion 80. 062 -116300 85,250 158
Stcl‘? state, m = 1 + 300 + .220
SO~ aqueous ion 96. 062 -117970 86.474 158
Std. state, m =1 ES 100 + .073
Valentinite 291,498 29.4 50,01 -169350 -149692 109,727 (158 107 158
szO3 t .6 + ,05 + 700 E 730 { £ .535 8
Scandjum Sesquioxide |137.910 18.4 35.92 -447280 -425916 312,205 (176 106
S(:ZO3 .1 + .05 t 230 + 250 | £ ,183
Silicon Monoxide 44, 085 50,55 [24465.0 -23800 -30226 22,156 [158 158 148
SiO (Ideal gas) + ,20 -3 3.4 + 1000 + 1010 + .740
a-quartz 60,085 9.88 22,688 |-217650 -204646 ,[ 150.009 (178 180 74
SiO2 +,02 + ,001 (% 400 + 410 | £ .301 49
HZSiO un-ionized 78.100 -258000 189.119 [159
Std. s?ate, m=1 + 300 | £+ .220
a-Cristobalite 60. 085 10,38 25,739 |-216930 -204075 149,591 1178 95 74
SiO2 + ,02 + .033 (& 450 + 460 | £ ,337 69 36
a-Tridymite 60.085 10, 50 26.53 -216895 -204076 149,592 (131 95 74
SiO2 + .10 + .20 ES 570 + 580 | + .425
Coesite 60,085 9.65 20.641 |-216440 -203367 149,072 61 61 163
SiO2 +,10 + .036 |t 500 t 510 | £+ .,374 131
Stishovite 60, 085 6.64 14.014 |-205860 -191890 140,659 61 61 163
SiO2 t.10 + .009 (% 500 t 510 | £ .374
Silica Glass 60. 085 11,33 27,27 -215870 -203298 | 149.021 [161 180 4
SiO2 + .05 + .10 ES 500 t 510 |+ .,374 178 95
Cassiterite 150.689 12,5 21,55 -138820 -124266 91,089 m’m 22 4
SnO2 + .3 t .03 t 150 + 180 + 132
Strontium Oxide 103,619 13.0 20.69 -144440 -137285 100.633 78 108 74
SrO + .2 + .01 + 400 % 440 [z ,323
Tellurite 159, 599 16. 8 27.75 -71740 -64600 417,353 78 22
’I’eO2 1.0 + ,02 + 1770 + 700 t .513
Thorianite 264, 037 15,59 26,373 |-293200 -279436 204, 832 78 22 156
’I‘hO2 £ ,05 + ,007 it 400 4 410 |+ .301
Rutile 79. 899 12,04 18.820 [-225760 -212559 155.810 78 111 T4
TiO2 t .04 + ,008 |+ 100 E 110 |+ ,081
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E'ntropy Refercnfes
Gram | go .0 Molar Log PR
Name and formula formula volume AH°1_295_|5 AG°1,nn‘|5 E
weight (cal deg- a ; o K/:zvn.ls z
afw™') (cm”) |(cal gfw™")!(cal gfw" ') ~
Oxides and hydroxides
Anatase 79, 899 11,93 20,52 -225860 -212626 155, 859 8 162 174
’I’iO2 t .07 + ,03 ES 110 ES 120 t .088
Uraninite 270, 029 18.63 24,618 -259200 -246569 | 180.740 | 78 22 74
U02 + .10 + ,014 ES 600 + 610 | £+ .447
Karelianite 149, 882 23.53 29,85 -291290 -272273 199, 581 78 110 74
V2°3 .30 + .03 + 380 + 400 = .203
Tungsten Trioxide 231,848 18,14 31.61 -201460 -182631 | 133.872 | 90 170 90
WO3 + .12 t .10 + 200 E S 210} + .154
Zincite 81.369 . 10.43 14,338 -83250 -76089 55,775 | .78 22 74
ZnO + .10 + ,005 + 200 t 210 + .154
Baddeleyite 123,219 12,04 21,15 -262300 -248505 182,159 |148 67 74
ZX'O2 t .08 + .01 t 400 4 410 | £ ,301 148
Multiple oxides
Chrysoberyl 126,973 15.58 34,320 40
BeAl,0, + .03 + ,023
4
Perovskite 135,978 22.4 33.626 -396900 -376517 | 275,994 78 80 T4
CsTiO3 t .1 + .010 k4 410 + 420 | £ .308 151
Hercynite 173,808| 25.4 40,75 78
FeAl O +,2 + ,05
274
Chromite 223,837 34, 90 44,01 8 14
Fer'ZO4 £ ,40 + .10
Ilmenite 151,745 25.3 31.69 -295560 -277065 | 203.094 | 78 80 74
FeTiO3 + .3 + ,08 S 380 + 390 | £ .286
Titanomagnetite 223, 592 40, 36 46, 82 78 74
Fez’l‘io4 + .60 + .05
Pseudobrookite 239. 591 37.40 54.53 78 74
Fe,TiO + ,30 + .05
2°5
Spinel 142,273 19,26 39,71 -552800 -522961 383, 340 78 115 148
Mg}\lzo‘i + .10 + .03 ES 500 + 510 | £+ .374 151
Picrochromite 192,302 25,3 43.56 78 4
MgCr204 ‘ + .2 + .05
Magnesioferrite 200, 004 29,60 44,57 -341720 -315113 230. 984 78 93 14
MgFeZO4 t .20 + .05 + 600 t 700 | £ .513
Geikielite 120,210 17.82 30. 86 -375900 -354790 | 260,068 78 80 74
Mg'l‘iO3 + .10 + .07 + 270 + 280 ['t .205
Trevorite 234,402 31,5 43.65 78
NiFe,O t .2 + .05
274
Halides
Bromargyrite 187,779 25,60 28,99 -23990 -23158 16,975 78 158 T4
AgBr £ .10 + 2008 + 300 + 310 %+ ,227 (158
| Chlorargyrite 148,323 238.00 25,721 -30370 -26242 18.236 78 158 74
AgCl t .10 + ,007 + 300 + 310 + ,227 |158 101
Hydrophilite 110, 986 27,2 50. 75 -190000 -179255 131,397 78 141 74
+ .3 t .10 + 150 + 180 | £+ .132
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Entropy References
s Gram S%081s Molar Lo R
Name and formula | formuta (cal deg- volume |AH® 294.151AG% 200,15 K g z T
i X 3 ) ’ - [ELLNEN
welght‘ gy | (cm”) {(cal gfw™")|(cal gfw™") o £
Halides
Lawrencite 126, 753 28.19 39,46 -81700 -72273 52,977 [148 94 148
FeCl2 + .50 + .21 + 120 + 200 + .147 148
Molysite 162,206 34,02 57,86 -95460 -179827 58,515 (148 94 148
FeCl3 + .60 + .10 + 200 + 360 + .264 148
Hydrogen Chloride 36,461 44,646 (24465.0 -22062 -22777 16.696 |158 158 148
HCl (Ideal gas) + ,010 i 3.4 + 150 + 160 + .117 (148
Calomel 236,043 23,08 32,939 -31695 -25215 18,483 78 158
HgCl + .30 + .075 + 300 + 320 + .235
Sylvite 74.555 19,73 317,524 -104370 -97693 71.611 |148 148 148
KC1 t .04 + ,004 + 200 + 210 t .154 78
Chloromagnesite ‘95,218 21,42 40, 81 -153350 -141521 103, 738 78 141 74
MgCl2 + .20 + .10 ES 110 E4 130 | £+ .095 148
Scacchite 125, 844 28,26 42,11 -115038 -105295 77,183 21 94 T4
MnCl, + .05 + .17 + 200 + 210 + .154
Salammoniac 53,492 22,1 35,06 -75180 -48572 35.604 {148 158 148
NH4C1 +1.0 + .03 + 200 + 360 + .264 (158 148
Halite 58. 443 17.24 27,015 -98260 -91807 67,296 (148 148 148
NaCl + .05 + .003 + 300 + 310 t ,227
Cotunnite 278,096 32,5 47,09 -86200 -75366 55,245 78 148 74
PbCl2 + .5 +,10 t 70 + 170 + ,125 {159 159
Fluorite 78.077 16,46 24,542 -290300 -277799 203.632 78 141 74
Caa\F2 + ,08 + ,007 ES 400 + 410 | £+ ,301
Sellaite 62,309 13.68 19.61 -268700 -256008 | 187,659 78 142 4
Mng + ,07 + .01 + 300 + 310 | £ .227 148
Villiaumite 41,988 12,26 14,984 -137027 -129812 95,155 78 23 148
NaF + .07 + .005 + 200 + 210 + .154
Cryolite 209, 941 56.98 70. 81 -790000 -750695 | 550,274 (148 23 37
NaaAIFG + ,40 t .20 + 2000 + 2010 | £ 1.473 78 148
Iodargyrite 234,774 27,60 41,301 -14780 -15830 11.604 78 158 74
Agl + .40 + .040 + 400 + 420 + .308 |158
Coccinite 454,399 42,4 71, 84 -25200 -24148 17,701 78 148 74
HgI2 +1.5 + .10 + 400 + 610 + .447 141
Carbonates
Witherite 197, 349 26:8 45, 81 -297460 -278359 204. 042 78 4 14
BaCOa t .5 + .06 E 870 t 930 | + .682 98
Aragonite 100.089 21.18 34.15 -288651 -269678 197,679 78 100 74
CaCOy + .30 + .05 t 340 + 350 | £+ .257 43
Calcite ’| 100,089 22,15 36.934 -288592 -269908 | 197,848 | 78 100 74
CaCOa + ,20 + .015 t 320 + 330 [ £ .242 43
Dolomite 184,411 37,09 64.34 -557613 -518734 | 380.242 144 144 144
CaMg(C03)2 + .07 + .03 +* 520 + 530 | + .389
Otavite 172,409 23,3 34,300 -179030 -159964 117,257 78 141
CdCO,4 + .6 "% .015 + 600 + 630 | £+ .462 16
Malachite 221.104 54,86 -216440 | 158,655 42
CuZ(OH):,‘CO3 + .08 + 500 | & .367
Azurite 344,653 91,01 -343730 | 251,961 42
Cug(OH),(CO3)y + .13 + 500 & .367 4‘
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Entropy Rej’ercn:ccs

Gram | go % Molar Log R
Name and formula: | formula (cal d;',g— volume [AH®/155.15|AG% 205,15 K/208.1s : :.5 5 o T

weight gfw™) (cm®) |[(cal gfw ') |(cal gfw™") T o :-11 ‘;17 :‘*-

Carbonates
Siderite 115, 856 25,1 29,378 -177812 ~-161030 118,038 {133 141
FeCO3 t .6 + .014 + 540 E 500 | £ .367 6
Magnesite 84, 321 15,7 28.018 | -266081 -246112 180, 405 78 133 74
MgCO3 + .2 + .013 t 320 + 330 | £ .242 99
Huntite. 353,053 67.0 122,58 -1086960 | -1007700 738.663 |132 43
I\/Jgatlxa(Cos)4 +1,5 t .10 + 1200 | £ 1000 | £ .733
Rhodochrosite 114,947 23, 90 31,073 -212521 -195045 142,972 |122 133 174
MnCOa + .50 + .014 + 290 + 330 | £ .242
Cerussite 267,199 31.3 40. 59 -167951 -150325 | 110.191 78 4
PI:CO3 .8 + .06 + 300 4 360 | £+ .264
Strontianite 147,629 23,2 39,01 -294581 -275450 201,910 78 4 14
Sx‘CO3 + .4 + .06 t 650 ES 670 | £ ,491 98
v
Smithsonite 125,379 19.70 28,275 -194200 -174786 128,121 78 141
ZnCO3 + .30 + .013 + 700 t 710 [ £ .520 43
Nitrates|
Nitrobarite 261, 350 51,14 80.58 -237060 -190066 139,322 78 141 74
BaNO, t .20 + .08 £+ 500 | * 590 | '+ ,432
Niter 101,107 31,81 48.04 -117760 -93893 68, 825 78 141 14
K'N03 + .15 t .06 + 300 + 310 + .227
Ammonia-Niter 80, 043 36.11 46,49 -873173 -43971 . 32,232 {158 158 74
Nl-quO3 + .05 t .10 + 200 + 210 + .154
Soda Niter 84, 895 27,85 37.60 -111540 -87459 64,109 78 141 74
NaNO3 + .10 t .02 + 300 + 310 + .227
Sulfates and borates
Barite 233, 402 31.6 52.10 -352131 -325300 238. 451 78 135 74
BESO4 + .2 + .06 + 2030 + 2000 [ £ 1,466 73
Anhydrite 136,142 25,5 45,94 -343321 -316475 231, 982 78 135 74
CBSO4 t .4 + .06 t 1010 + 1000 | £ .733 29
Gypsum 172,172 46, 36 74,69 -483981 -430137 315.299 (141 135
CaSOd-ZHZO t+ .30 t .22 + 1110 + 1100 [ £ ,806 3
Chalcanthite 249,678 73.0 108.97 -544340 -449203 329.274 141 3
CUSO4' 5H20 +1.0 + .22 S 800 + 860 [ £+ .630 3
Brochantite 452, 266 113.6 -435310 319,091 15
Cu,S0,(OH) x .2 4 600 | £+ .440
4774 6
Szomolnokite 169, 924 55,9 -297305 1
FeSOQ'Hzo t .4 3 130
Melanterite 278,016 97.8 146,54 -720470 -599942 439, 769 78 1
FeSO4' 7H20 + .3 + .25 E4 150 + 300 | £ .220
Sulfuric Acid 98,078 37,50 53.57 -194548 -164942 120. 906 45 158
H2504 (Liquid) + .05 + .07 + 100 t 110 + ,081 [158 48
Arcanite 174, 266 42,0 65.50 -343481 -315290 231,114 78 135 74
1(2504 t .4 t .07 t 620 £ 600 | ¢ 440 73
Alunite 828,440 156.8 293.6 78 74
+ .9 +t .4

K,ALL(OH), ,(S0,)




22 THERMODYNAMIC PROPERTIES OF MINERALS
Entropy References
Gram Sons V5 Molar Lo : z 5
Name and formula |formula (cal dég« volume |AH® 1y4.,5|AG® 29015 K/g" Slis f *
= ( 2 BE] @ o «
weight gfw 1) (em®) |(calgfw ')|(cal gfw ") Pl -
. " Sulfates and borates
Epsomite 246, 481 146.83 -808700 141
MgSO4' 7H20 + .23 + 2000
Thenardite 142,041 35,73 53.33 -331528 -303400 222, 39h 78 135 74
NaZSO4 + .07 + .06 510 500 | + .367 73
Mirabilite 322,195} 141.46 219.8 -1034237 -871545 638. 859 19 19
N32$O4~ 10H20 + .15 +t .4 Lt 950 + 800 | £ .586 141
Mascagnite 132,139 52,6 -74.68 -282230 -215565 158,013 78 158 74
(NH4)2504 t .3 t .09 £ 300 + 320 + .235 [158
Retgersite | 262,864 79. 94 126.59 145
a-NiSO,*6H,O + .10 + .16
4 2
Morenosite 280,879 90.57 143, 82 145
NiSO4- 7H,0 + .10 t .50
Anglesite 303. 252 35.51 47.95 -219891 -194360 142,470 41 159 74
F‘bSO4 + .07 + .06 + 260 t 250 [ £ ,183
Celestite 183,682 28,2 46,25 -346646 -319830 | 234,441 78 135
SrS0, 1.0 + .06 + 1700 + 1500 | % 1.100 73
Zinkosite 161,432 26.4 41,57 -233600 -207022 151,751 {170 3 74
ZnSﬂO4 + .3 + .07 + 200 E4 230 | £ 169 135
Bianchite 269, 524 86,9 130.2 8
ZnSO,+6H,O + .3 x .5
4 2
Goslarite 287,539 92.9 145,79 78
ZnSO,* TH, O + .3 + .11
4 2
Borax 381.373 222,66 -1497200 141
N32B407' 10H20 + L17 + 2000
'Phosphates, molybdates, and tungstates
Berlinite 121,953 21,70 46.58 -414400 -388010 284,419 32 159
AIPO4 t .05 t .10 + 500 + 510  ,374
Whitlockite 310.183 57,58 97.62 -986200 -932785 | 683.749 78 141 74
Cas(}’O‘;)2 t .20 + .09 4 500 + 520 [ + ,381
Hydroxylapatite 502, 322 93,30 159.6 -3215000 | -3123504 {2289, 588 8 97T 14
Ca,(PO,),0H t .40 t .2 + 3000 [+ 3010 {+ 2,206
Fluorapatite 504,313 92, 70 157,56 78 14
CaS(PO4)3F + .40 + .12
Strengite 186, 849 40. 93 64.54 -451500 -397700 291, 522 33 33
Fe(PO4)'2H20 + .30 %+ .30 + 1000 + 1010 | £ ,740
Powellite 200.018 29,3 417,00 -369500 -344011 252,167 {175 7
C::MoO4 t .2 + .09 + 300 t 310 | £ ,227
Wulfenite 367.128 39.7 53, 86 3
PbMoO4 t .5 t .10
Scheelite 287.928 30.2 47.05 -402410 -376906 276,279 85 1
CaWO4 t .2 + .09 + 500 + 510 | + ,374
Ferberite 303.695 31.5 40,38 171
FeWO4 t .4 + .05
Stolzite 455,038 40,2 54,10 3
F’I)WO4 + .5 + .06
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Entropy
Gram S%0nis Molar Lo
Name and formula | formula (cal dt‘:é volume |AH®/yu.15AG® 29n1s K &
: - | P 129805
weight gfw™) (em")  |(calgfw ')|(cal gfw™")
Ortho and ring structure silicates

Kyanite 162, 046 20,02 - 44,09 -619930 -584000 428,083 78 59 121
AIZSiO5 + .08 + ,07 % 540 E 550 | %+ .403 60
Andalusite 162. 046 22,28 51.53 -619390 -584134 428,181 78 60 121
AIZSiO5 t ,10 + .04 + 710 t 720 t .528 164
Sillimanite 162, 046 22,97 49, 90 -618650 -583600 | 427,790 78 60 121
AlzsiO5 t .10 + .04 ES no ES 720 £ .528 164
3.2 Mullite 426, 053 64.43 134.55 -1629543 | -1539002 | 1128,118 60 60 124
3A1203' 25i02 1,00 + ,07 + 1700 + 1730 |+ 1,268 (124 164
Phenacite 110,108 15,37 37.19 8
BezSiO4 + .08 + .04
Larnite 172, 244 30, 50 51.60 -551420 -524022 384,118 78 81 4
B'C325i04 t .20 + .27 t 710 t 70 £ .572 |
Calcium Olivine 172,244 28.80 59.11 -553973 -526069 385.619 78 81 74
V'CazSiO4 + ,20 t .18 E 940 t 950 | £ .696 129
Gehlenite 274,205 47.4 90. 24 -952740 -904432 662,966 [172 8 122
C32A125i07 t .4 + .09 + 960 | + 970 + .71
Grossular 450, 454 57.7 125.30 -1588393 | 1500886 | 1100.251 57 57 163
Ca,Al,Si 0 1.3 + ,03 t 1830 | + 1880+ 1,378

3772773712 ) .
Lawsonite 314,241 56. 79 101,32 -1161315.| ~1076910 789. 396 87 6
CaAl,Si,0,(0OH) H, O + .50 t .12 + 1090 | 1110} + ,814

25277 22
Monticellite 156,476 24,5 51,36 -540800 -512252 375.490 {132 117
Ca\MgSiO4 1,0 + .07 ES 790 E 850 | £ ,623
Merwinite 328,719 60.5 104.4 -1091490 | -1037184 760,276 (172 117 122
Ca:}Mg(SiO")2 t .5 t 1.5 + 1270 | £+ 1290 £ .946 75
Akermanite 272,640 50, 03 92,81 -926510 -879353 { 644.583 (172 116 122
Ca,MgSsi,0, £ ,50 + .09 £ 1070 | + 1080 | + ,799 75
Sphene 196, 063 30,88 55.65 -622050 ~588246 431,196 78 152 74
CaTiSiO5 S .20 + .17 ES 570 + 580 | t .425
Fayalite 203.1778 35,45 46,39 -353544 -329668 241,653 (151 82 74
FeZSiOQ + .40 + .09 b3 700 E 720 | £ .528 78 151
Forsterite 140, 708 22,175 43,79 -520370 -491938 360.600 78 153 74
Mg25i04 + .20 + ,03 S 520 E4 530 [ + .389
Cordierite 584, 969 97,33 233,22 172 122
Mngla(AleSOw) + .90 + ,13
Tephroite 201,960 39.00 48,61 -413520 -390028 285,898 78 71 104
Mn25i04 1,00 t .07 t 760 ES 820 | £ .601
Willemite 222,824 31,40 52.42 -391140 -364011 266.827 78 8t
ZnZSiO4 + .20 + .08 + 590 + 600 | £ 440
Zircon 183,304 20.08 39,26 148 © 74
Zx-SiO4 t .30 £ ,07 78
Chain and band structure silicates

Wollastonite 116,164 19,60 39,93 -390640 -370313 271,446 78 152 74
CaSiOg .20 + .10 + 870 | + 880 | £+ .645 16
Pseudowollastonite 116,164 20, 90 40,08 -389070 -369031 | 270,507 78 15 74
CaSiO3 + ,20 + ,14 + 620 E 630 | £ .462
Ca-Al Pyroxene 218,125 34,6 63.50 -1786984 -745130 | 546.194 57 57 163
CaA125i06 + .8 + ,09 4 660 t 710.{ £+ ,520
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Entropy References
Gram | go, 0 Molar Log P
Name and formula forrpula (cal deg- volume [AH® 494.15AG% 29815 K/zon1s £ S
weight afw ') (cm®) |(calgfw™")|(cal gfw") o +
Chain and band structure silicates
Diopside 216. 560 34,20 66.09 -767390 -725784 532,014 8 95 T4
Ca\Mg(SiOa)z + .20 o+ .10 + 2180 + 2190| % 1,605 116
Spodumene 186. 090 58.37 -727735 13
LiAl(SiO3)2 + .02 + 820
Clinoenstatite 100. 396 16.22 31,47 -370140 -349394 256,112 78 153 74
MgSiO3 + .10 + .05 + 440 + 450 | + ,330
Rhodonite 131.022 24.50 35,16 -315620 -297390 | 217.993 |132 82 74
MnSi03 + .50 + .02 + 470 + 500 | + .367
Jadeite 202,140 31,90 60, 40 -719871 -677206 | 496,405 78 165 4
NaAl(Si03)2 + .30 + .10 + 1000 + 1010{ = ,740 96
Tremolite 812,410, 131,19 272,92 -2952935 | -2779137 | 2037.160 |137 169 132
Cazlvr,;5[313022]<0l-l)2 + .30 + ,13 + 4140 | £ 4150 |+ 3,042
Framework structure silicates
Anorthite 278.210 48.45 100. 79 -1009300 -955626 | 700,492 78 6 74
CaAlzsi.ZO8 + .30 + ,05 t 1150 + 1160} t ,850 72
Hexagonal Anorthite 278,210 45,84 99.85° | -1004410 -949958 | 696,337 817 6
CaAIZSiZOB + .30 + .79 + 1700 + 1710 | £ 1,253
Leonhardite 922,867 220.4 404. 4 -3397535 | -3146948 | 2306, 773 87 6
CaZA14518024- 7H20 + 2.6 + 2,0 + 2500 | £+ 2700 |t 1,979
Microcline 278,337 52,47 108, 72 -946265 -892817 | 654.452 |167 166 167
KAlSiSOB + .80 t .10 t 930 + 870 t 711 79 168
High Sanidine 218,337 56. 94 109,05 -944378 -892263 654,046 167 166 167
KAlSi308 +1,00 + .10 + 930 + 980 | & ,718 |168
Adularia 278,337 55.99 108.29 -945000 -892602 654,294 (167 44 74
KAlSi308 +1.00 + .15 + 1200 + 1240 | & .909 79
KAIS]'.SOa Glass 278,337 63,28 116, 5 -933276 -883051 | 647,293 |167 166 74
KAISi30s +1.00 + 1.0 + 910 + 960 | £ .704 [166
Kaliophilite 158.167 31.85 59,89 -503926 -476230 | 349,086 78 13
KAlSiO4 + .30 + .05 + 420 + 430 | = .315
Leucite 218,252 44,05 88,39 -721650 -681642 | 499,657 78 13
KAlSi206 + .40 % .05 + 750 | + 760 £ ,557
B-Spodumene 186. 090 78,22 -720995 13
LiAl(Si03)2 + .02 + 810
Eucryptite 126,004 -505126 13
Li.AlSiO‘1 * 550
Low Albite 262.224 50,20 100.07 -937146 -883988 | 647,980 78 166 74
NaAlSi30s + .40 + .13 + 740 + 760 | £ ,557 79
High Albite (Analbite) | 262,224 54.67 100. 43 -934513 -882687 | 647.026 (168 166 62
NaAlSiaOs + .45 + .09 r 170 + 790 | + .579 |167
NaAlSiao Glass 262.224 62.95 110.09 -922609 -873252 | 640.110 |166 166 74
N'r1A131308 + .60 £ .19 t 760 + 790 | £ ,579
Nepheline 142,055 29,72 54.16 -497029 -469664 | 344,273 78 165 74
NaAlSiO4 + ,30 + .06 + 1000 + 1010 | £ ,740
Nepheline s, s. 145,277 -500993 11
i 450
Na. BK. 2AleO4 + 5
Analcime 220.155 56.03 97.49 -1786341 -734262 | 538,228 78 6
NaAlSiZOS'HZO + .60 + ,10 + 860 + 880  .645
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Entropy References
Gram S%08.s Molar Lo -
Name and formula | formula (cal dég— volume |AH®/ a5 151G 29815 K € T |E
weight 4 ol e fa = . - f298.05 o.v; t::
afw ') (em”) |(cal gfw™")l(cal gfw™) o 1%
Sheet structure silicates
Dickite 258.161 47,10 99,30 -979165 -902142 661,287 8 12
A}l,Si, 0.(OH) + .30 + .07 E 900 + 910 | £+ .667
27275 4
Kaolinite 258,161 48,53 99,52 -979465 -902868 661,819 86 12
A1,Si, 0 (OH) £ .30 + ,26 + 950 | & 960 | £+ ,704 [
277275 4
Halloysite 258,161 48,6 99.3 -874995 -898419 658,558 86 12
Al,Si O.(OH) t .3 1.0 + 900 t 910 | £ ,667
277275 4
Muscovite 398,313 69.0 140, 71 -1421180 | -1330103 974.991 {177 9 119
KAL[A1Si,0, 1(OH), .7 .18 |+ 1300 |+ 1320 | + .968 125
Phlogopite 417,286 | 76.4 149,91 132
KMg,[A15,0, 1(OH), +1,0 + .36
Fluor-Phlogopite 421,268 75, 90 146,37 -1522020 | -1439522 [1055,197 18 17T 14
KMg [A1Si,0,  IF + ,50 + .18 + 1200 | % 1210 |t . 887
3 3¥107 2
Tale 379, 289 62,34 136.25 -1415205 | -1324486 970. 373 137 8 137
M33514010(0H)2 t .15 + .26 + 170 |t 1720 | + 1.261 1317
Chrysotile 277.134 108.5 -1043180 83"
Mg3[5i205](0H) 4 + .6 + 1000
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SILVER

(REFERENCE STATE)

GRAM FORMULA WE IGHT

107.870
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Ag: Face-centered cubic crystals 298.15° to melting point 1234°K.
Liquid 1234° to 2000°K.
FORMATION FROM THE ELEMENTS
TEMP:, H -H S -{G6 -H - 8
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298,15 0.000 10.200 10.200 0.000 0,000 0.000
UNCERTAINTY 0.050 0.050
400 0.625 12.010 10.447 +000 000 «000
500 1.245 13.390 10.9C0 +000 «000 «000
600 1.885 14.550 11.408 000 « 000 000
700 24535 15.560 11.939 +000 « 000 000
800 3.195 16.440 12.448 000 « 000 «000
900 3.880 17.250 12.939 «000 +000 «000
1000 4.585 17.990 13,405 «000 « 000 «000
1100 5.310 18.680 13.853 «000 « 000 «000
1200 6.060 19.330 14.280 «000 « 000 000
1234 6315 19.540 14.420 +000 2000 2000
1234 9.170 21.850 14.420 000 «000 +«000
1300 9.650 22.230 14.807 000 000 «000
1400 10.380 22.770 15.356 «000 « 000 «000
1500 11.110 23.270 15.863 «000 « 000 »000
1600 11.840 23.750 16.350 +000 « 000 +000
1700 12.570 24.190 16.796 «000 « 000 +000
1800 13,300 24.610 17.221 «000 « 000 «000
1900 14.030 25.000 17.616 +000 « 000 +000
2000 14.760 25.380 18.0C0 «000 « 000 +«000
MELTINS POINT 1234 DEG X BOILING POINT 2437 DEG K
HEAT OF FUSION 2.855 KCAL HEAT OF VAPOR. 60.780 KCAL

H -H
298 0

TRANSITIONS IN

1.3730 KCAL

MCLAR VOLUME

REFERENCE STATE ELEMENTS

0.24551 CAL/BAR

REFERENCES 68

68

158

COMPILED
6-13-66
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ALUMINUM (REFERENCE STATE) GRAM FORMULA WE IGHT 26.981

fztzdsssk ey s o Er RIS I SIS S ST S S S SIS TS IS SE L ST RIS SIS IIAIST
Al: Face-centered cubic crystals 298.15° to melting point 933°K.

Liquid 933° to 2000°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S -6 =H /T
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) {CAL/DEG~GFW) {KCAL/GFW)

298.15 0,000 6.770 6.770 0.000 0. 000 0.000
UNCERTAINTY 0.020 0.020

400 0.610 8.259 6.734 .000 . 000 .000
500 1.241 9.935 7.453 .000 +000 .000
600 1.900 11.135 7.968 .000 . 000 +000
700 2.585 12.191 8.498 «000 « 000 «000
800 3.302 13.148 9,020 «000 « 000 «000
900 4.064 14.045 9.529 «000 » 000 +000
933 40329 14,331 9.691 .000 . 000 .000
337 6.689 17.075 3.651 2000 - 000 2000
1000 7.397  17.604 10.207 .000 « 000 .000
1100 8.156 16.327 10.912 .000 000 .000
1200 8.915 18.987 11.558 .000 000 .000
1300 9.673  19.594 12,153 .000 .000 .000
1400 10.432  20.157 12.7C6 .000 . 000 +000
1500 11.191 20.680 13.219 «000 « 000 «000
1600 11.950 21.170 13,701 «000 « 000 +000
1700 12.709 21.630 14.154 «000 « 000 «000
1800 13.467 22.064 14.582 .000 . 000 .000
1900 14.226 22.474 14.987 «000 « 000 +000
2000 14.985 22.863 15.370 .000 . 000 .000
MELTING bOlNT 933 DEG K BOILING POINT 2767 DEG K
HEAT OF FUSION 2.560 KCAL HEAT OF VAPOR. 69.497 KCAL
H -H 1.0940 KCAL MOLAR VOLUME 0.23899 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 158 68 COMPILED
159 3-31-67
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ARSENIC (REFERENCE STATE)

s AnE RS RRTITIZSSIBSS=STSS

As:

GRAM FORMULA WE IGHT

SRR C S SSSEES ST TSI ST TII==E

Ideal tetratomic gas 885° to 2000°K,

T4.922

Rhombohedral crystals 298.15° to sublimation point 885°K.

FORMATION FROM THE ELEMENTS

TEMP. H =H S -(G -H
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)

298.15 0.000 8.400 8.400> 0.000 0.000 0.000
UNCERTAINTY 0.200 0.200

400 0.614 10.170 8.635 «000 « 000 000
500 1.239 11.560 9.082 .000 . 000 +000
600 1.880 12.730 9.597 .000 «000 »000
700 2.541 13,750 10.120 . 000 . 000 000
800 3.229 14.670 10.634 000 « 000 .000
885 3.837 15.350 11.014 . 000 - 000 «000
885 11.448 23,950 11.014 .000 « 000 000
900 11.522 24.070 11.268 «000 000 «000
1000 12.014 24.600 12.586 . 000 « 000 «000
1100 12.506 25.C80 13.711 «000 - 000 000
1200 12.999 25.490 164.657 +000 « 000 «000
1300 13.492 25.890 15.512 «000 « 000 000
1400 13.985 26.270 16.281 «000 «000 000
1500 14.478 26610 16.958 . 000 « 000 +000
1600 14,972 26.930 17.572 «000 « 000 «000
1700 15.467 27.230 18.132 .000 « 000 000
1800 15.962 27.510 18.642 »000 « 000 «000
1900 16.457 27.770 19.108 . 000 « 000 +000
2000 16.952 28.020 19.544 «000 <000 <000
MELTING POINT DEG K BOILING POINT 885 DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. T.611 KCAL

H 1.226 KCAL MOLAR VOLUME 0.30982 CAL/BAR
298 O

TRANSITIONS IN

REFERENCE STATE ELEMENTS

REFERENCES 68

68

COMPILED
3-31-67




PROPERTIES AT HIGH TEMP ERATURES 29

GOLD (REFERENCE STATE) GRAM FORMULA WEIGHT 196.967

Sz fsr oSSyt s I TS IS TSI R S SIS S RS S SRS NS S IITIIBSES
Au: Face-centered cubic crystals 298.15° to melting point 1336°K.

Liquid 1336° to 2000°K.

FﬁRHATION FROM THE ELEMENTS

TEMP. H -H S -{6 -H wr

-
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) {KCAL/GFW)
298415 0.000 11,310 11.310 0.000 0. 000 0.000
UNCERTAINTY 0.050  0.050
400 0.625 13.110 11.547 .000 .000 .000
500 1.245 14,500 12.010 .000 . 000 .000
600 1.860 15.650 12.517 .000 . 000 000
700 2.525 16.660 13.053 .000 .000 000
800 3.180 17.520 13.545 000 - 000 .000
900 3.850 18.310 14.032 .000 . 000 .000
1000 4.530 19.030 14.500 .000 . 000 .000
1100 5.220 19.690 14.945 .000 +000 .000
1200 5.930 20.310 15.368 .000 . 000 .000
1300 6,660 20.890 15.767 .000 . 000 000
1336 6,925 21.090 15.906 .000 . 000 .000
1336 9.860  23.300 15.906 <000 ~ 000 <000
1400  10.330  23.630 16.251 .000 .000 <000
1500  11.030 24.110 16.757 .000 . 000 .000
1600  11.730  24.560 17.229 .000 .000 +000
1700  12.430 24.980 17.668 .000 . 000 000
1800  13.130 25.380 18.086 .000 . 000 .000
1900  13.830 25.760 18.481 .000 . 000 .000
2000  14.530 26.120 18.855 .000 .000 000
MELTING POINT 1336  DEG K- BOILING POINT - 3081  DEG K
HEAT OF FUSION 2.955 KCAL HEAT OF VAPOR. 80.080 KCAL
H  -H 1.4340 KCAL MOLAR VOLUME  0.24614 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 68 €8 COMPILED
6-13-66




30 THERMODYNAMIC PROPERTIES OF MINERALS,

BORON (REFERENCE STATE) GRAM FORMULA WEIGHT  10.811

P P e T e EE Pt P L P et P )]

B: Rhombohedral crystals 298.15° to melting point 2450°K.

g

———— -

-
FORMATION FROM THE ELEMENTS

VYEMP. H ~H S -{6 -H M/T =~ ———-
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GF W)

298.15 1 0.000 4 1.403 1.403 0.000 0. 000 0.000
UNCERTAINTY 0.100 0.100

400 0.327 2.339 1.521 +000 « 000 «000
500 0.740 3.257 1.777 000 + 000 000
600 1.215 4.122 2.097 000 « 000 »000
700 1.731 4.917 2.444 000 « 000 «000
800 2,276 5.644 2.799 «000 » 000 «000
900 2.842 6.310 3.152 « 000 « 000 000
1000 3.427 6.927 3.500 «000 «000 000
1100 4.031 T.502 3.837 « 000 « 000 000
1200 4.650 8.041 4.166 »000 000 «000
1300 5.284 8.548 4,483 «000 . 000 +000
1400 5.931 9.028 4.792 +«000 « 000 +000
1500 6.592 9.483 5.088 000 « 000 +000
1600 T.265 9.918 5.377 . 000 « 000 «000
1700 T.950 10.333 5.657 «000 « 000 «000
1800 8.645 10.730 5.927 «000 « 000 +000
1900 9.348 11.110 6.190 000 « 000 000
2000 10.057 12,113 7.084 «000 « 000 «000
MELTING POINT 2450 DEG K BOILING POINT DEG K
HEAT OF FUSION 5.390 KCAL HEAT OF VAPOR. KCAL
H =H 0.2920 KCAL MOLAR VOLUME 0.10483 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 148 148 COMPILED
159 © 4=15-67




PROPERTIES AT HIGH TEMP ERATURES 31

BARIUM (REFERENCE STATE) GRAM FORMULA WEIGHT 137.340

Ezraknas SIS A Ig S S )I3CCISEI ISP IEIISSSISCEIRTITZIZSSIVIE

Ba: Body-centered cubic crystals 298.15° to 648°K. S crystals

648° to melting point 983°K. Liquid 983° to boiling point
1895°K. Ideal monatox_t_\ic gas lggs" to 2000°K.

FORMATION FROM THE ELEMENTS

-

-

TEMP. H -H S -{6 -H 1/T =ee=e-
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL). {CAL/DEG-GFW) {(KCAL/GFNW)

298.15 0.000 16.000 16.000 0.000 0. 000 0.000
UNCERTAINTY 1.000 1.000

400 0.656 17.900 16.260 000 « 000 «000
500 1.334 19.410 16.742 - 000 « 000 +000
600 2.046 20.710 17.300 «000 - 000 «000
643 2.360 21.210 17.538 000 <000 +000
643 2.510 21.440 17.538 «000 . 000 +000
100 2.921 22.070 17.897 . 000 « 000 «000
800 3.694 23,100 18.482 «000 « 000 «000
900 44537 24,090 19.049 «000 + 000 «000
983 5.290 24,870 19.493 +000 « 000 «000
983 T.120 26.740 19.493 «000 . 000 +000
1000 T.247 26.880 19.633 000 « 000 .000
1100 7.997 27.600 20.330 «000 « 000 +000
1200 8.747 28.250 20.961 +000 « 000 +000
1300 9.497 28.850 21.545 000 . 000 «000
1400 10.247 29.410 22.091 +000 « 000 «000
1500 10.997 29.920 22.589 «000 « 000 +000
1600 11.747 30.410 23,068 .000 000 «000
1700 12.497 30.860 23.509 .000 « 000 <000
1800 13.247 31.290 23.921 «000 « 000 «000
895 0.665 0 9

1895 50.665 51.030 244293 «000 « 000 000
1900 50.692 50.560 23.880 '« 000 « 000 000
2000 51.354 50.900 25.223 «000 « 000 +000
MELTING POINT 983 DEG K BOILING POINT 1895 DEG K
HEAT OF FUSION 1.830 KCAL HEAT OF VAPOR. 36.700 KCAL

H =H KCAL MOLAR VOLUME 0.91324 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 149 18 COMPILED
4-15-67

- —— ————



32 THERMODYNAMIC PROPERTIES OF MINERALS

BERYLLIUM (REFERENCE STATE) GRAM FORMULA WE IGHT 9.012
s rf oSS RS IS SIS s IS S SR IS S S IS IIR T TIIISTESIT TSI
Be: Hexagonal close packed crystals 298.15° to melting point
1556°K. Liquid 1556° to 2000°K.
' FORMATION FROM THE ELEMENTS
TEMP, H -H S -{G -H -
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG~GFW¥) {KCAL/GFW)

A2§8.15 0.000 2.280 2.280' 0.000 0. 000 0.000
UNCERTAINTY 0.020 0.020

400 0440 3.540 2,440 <000 + 000 +000
500 0.940 4.650 2.770 « 000 +« 000 «000
600 1.485 5.640 3.165 <000 « 000 <000
700 2.060 6.530 3.587 «000 « 000 +000
800 2.655 T.320 4,001 +«000 + 000 000
900 3.270 8.050 4.417 «000 « 000 000
1000 3.910 B8.730 4.820 + 000 - 000 +«000
1100 4.580 9.360 5.196 +000 « 000 «000
1200 5.270 9.960 5.568 «000 « 000 »000
1300 5.980 10.530 5.930 +«000 « 000 «000
1400 6.720 11.080 6.280 «000 « 000 <000
1500 7.480 11.600 64613 .000 « 000 +000
1556 7.920 11.920 6,830 «000 « 000 «000
1556 10.720 13.720 64830 +000 . 000 «000
1600 11.050 13,920 T.014 <000 + 000 +000
1700 11.800 14,390 T.449 «000 + 000 «000
1800 12.550 14.810 7.838 000 « 000 000
1900 13.300 15.210 8,210 +000 +« 000 +000
2000 14.050 15.600 8,575 «000 « 000 «000
MELTING POINT 1556 DEG K BOILING.PO[NT 2756 DEG K
HEAT OF FUSION 2.800 KCAL HEAT OF VAPOR. 78,040 KCAL

H -H
298 0

TRANSITIONS IN

0.4670 KCAL

MOLAR VOLUME

REFERENCE STATE ELEMENTS

0.11663 CAL/BAR

REFERENCES 68

68

COMPILED
6-13-66




PROPERTIES AT HIGH TEMP ERATURES 33

BISMUTH {REFERENCE STATE) GRAM FORMULA WEIGHT 208.980

o3zt ncka e gSEe3 ST ET 3 IS TSRS S SS IS SIS ISSRXTI ITTSSIITIITTSIS

Bi: Rhombohedral crystals 298.15° to melting point 544.5°K.

Liquid 544.5° to boiling point 2040°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S -6 -H WT --
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298,15 0.000 13.560 13.560 0.000 0. 000 0.000
UNCERTAINTY 0.100  0.1C0
400 0.650 15.430 13.805 .000 . 000 .000
500 1.340 16.970 14.290 .000 . 000 .000
54455 1,660  17.580 144533 2000 . 000 <000
564.5  6.260  22.360  14.533 . 000 . 000 000
600 4,680 23.100 15.3C0 .000 .000 .000
700 5.430 24.260 16.503 .000 .000 000
800 6.180 25.260 17.535 .000 . 000 000
900 6.930  26.140  18.440 .000 .000 .000
1000 7.680 26,930 19.250 .000 .000 <000
1100 8.430 27,650 19.986 .000 .000 .000
1200 9.180 28.300 20.650 .000 . 000 .000
1300 9.930  28.900 21.262. .000 . 000 .000
1600  10.680 29.450  21.821 000 .000 .000
1500  11.430 29.970 = 22.350 .000 . 000 000
1600  12.180 30.460 22.847 .000 .000 <000
1700  12.930 30.910 23.304 .000 <000 .000
18600  13.680 31.340 23.740 .000 .000 .000
1852 14,075 31.562  23.961 .000 . 000 .000
2000  15.190 32.110  24.515 .000 . 000 .000
1900  14.440 31.720 24.120 .000 .000 .000
NELTING POINT 544.5 DEG K BOILING POINT 2040  DEG K
HEAT OF FUSION 2.600 KCAL HEAT OF VAPOR. KCAL
M -H 1.536  KCAL MOLAR VOLUME  0.50930 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 74 158 ~ COMPILED
5-18-67




34 THERMODYNAMIC PROPERTIES OF MINERALS'

BROMINE (REFERENCE STATE) GRAM FORMULA WEIGHT 159.818
fxa3dzaatIs RS NS CATE AT TS SRS SIS SSISITCITINRSSIIIITITRTRIS
Br2: Liquid 298.15° to boiling point 332.62°K. Ideal diatomic
gas 332.62° to 2000°K.
A ‘ ' FORMATION FROM THE ELEMENTS
TEMP. H -H S -6 -H —
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)

298.15 0.000 36.384  36.384 0.000 0. 000 0.000
UNCERTAINTY 0.080  0.080

332,62 o623 38.328  36.455 .000 .000 000
332.62 7.687 59.565  36.455 000 . 000 000
400 8.273  61.203  40.520 .000 . 000 .000
500 9.156° 63.172 44.860 .000 . 000 000
600  10.044 64,791  48.051 .000 . 000 .000
700  10.937 66.167 50.543 .000 . 000 000
800  11.833 67.363 52.572 .000 . 000 000
900  12.731 68.421 54.275 000 . 000 000
1000  13.631 69.370 55.739 000 . 000 000
1100 14.533  70.229  57.017 .000 . 000 .000
1200  15.436 71.015 58.152 .000 . 000 .000
1300  16.341 71.740 59.170 .000 . 000 000
1400  17.247 72.411  60.092 .000 . 000 .000
1500  18.155 73.037 60.934 000 . 000 000
1600  19.064 73.624 61.709 .000 . 000 .000
1700  19.974 74.176  62.427 .000 . 000 000
1800  20.885 74,696 63.093 000 . 000 .000
1900  21.797 75.190 63.718 .000 . 000 000
2000  22.711 75.658  64.302 .000 . 000 000

oo e Y

MELTENG POINT
HEAT OF FUSION

H <«H
298 O

265.90 DEG K
24527 KCAL
5.8590 KCAL

332.62 DEG K
7.064 KCAL

BOILING POINT
HEAT OF VAPOR.
MOLAR VOLUME

TRANSITIONS IN REFERENCE STATE ELEMENTS

& "

1.3044 CAL/BAR

REFERENCES 148

148
158

COMPILED
12-10-66

&
* = ——



PROPERTIES AT HIGH TEMPERATURES 35

CARBON (REFERENCE STATE) GRAM FORMULA WE IGHT 12.011
==33I==

SxzchbrazE o Rs AR E = AT I T SIS TIARE IS TS ITIVIIIS II=IT S =

C: Graphite 298.15° to 2000°K.

FORMATION FROM THE ELEMENTS

TEMP: H -H S -{6 -H | A B ——
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG~-GFW) (KCAL/GFW)

298.15 0.000 1.372 1.372 0.000 0.000 0.000
UNCERTAINTY 0.005 0.005

400 0.250 2.088 1.463 «000 « 000 «000
500 0.569 2.797 1.659 «000 « 000 000
600 0.947 3.484 1.906 +000 « 000 .000
700 1.372 4.139 2.179 000 « 000 «000
800 1.831 4.752 2.463 «000 « 000 000
900 2.318 5.324 2.748 «000 « 000 +000
1000 2.824 5.857 3.033 «000 « 000 «000
1100 3.347 60355 3.312 «000 « 000 »000
1200 3.883 60822 3.586 «000 « 000 «000
1300 4,432 7.261 3.852 «000 « 000 «000
1400 4.988 T.674 4,111 » 000 « 000 000
1500 5.552 8.063 4.362 «000 +000 000
1600 6.122 8.430 4.604 « 000 . 000 .000
1700 6.696 8.778 4.839 - 000 « 000 «000
1800 T.275 9.109 5.067 +»000 « 000 +000
1900 7.857 9.424 5.289 «000 « 000 000
2000 8.442 9.724 5.503 «000 - 000 . 000
HElfING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H =-H 0.2520 KCAL MOLAR VOLUME 0.12663 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 68 158 COMPILED
28 5~18-67

-



36 THERMODYNAMIC PROPERTIES OF MINERALS

DIAMOND GRAM FORMULA WE IGHT 12.011

Stk I oa keI T Y I S T I TR E IS ST 2P SRI I I= IS SE IS ITTTITI IS IS

C: Diamond 298.15° to 1200°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S -{G -H W1 -~
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K {KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 0.57 0.51. 0.453 0.693 -0.508
UNCERTAINTY 0.003 0.003 0.010 0. 020 0.015
400 0.200 1.14 0.64 0.403 0.783 -0.428
500 0.486 1.77 0.80 0.370 0. 884 ~0.387
600 0.842 2.42 1.01 0.348 0.988 -0.360
700 1.251 3.05 1.26 0.332 1. 096 =0.342
800 1.700 3.65 1.52 0.322 1.205 -0.329
900 2.180 4.22 1.80 0.315 1.310 -0.318
1000 2.685 4.75 2.06 0.314 1. 423 -0.311
1100 3.212 5.25 2.33 0.318 1. 536 -0.305
1200 3.760 5.73 2.59 0.330 1. 643 -0.299
hELTlNG bOXNT DEG K BOILING POINT DEG X
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H ~H KCAL MOLAR VOLUME 0.08166 .CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 155 158 158 COMPILED
27 56 5=17-67

-




PROPERTIES AT HIGH TEMPERATURES 37

CALCIUM (REFERENCE STATE) GRAM FORMULA WE IGHT 40.080

t='!-'=‘===‘====_=q=_====8==g§3====32ﬂ=======§2====:3==:==== SEITITIIIITIT

Ca: a crystals (face-centered cubic) 298.15° to 737°K. B crystals
(body-centered cubic) .737° to melting point 1123°K. Liquid
1123° to boiling point 1756°K. 1Ideal monatomic gas 1756° to

2000°K.
FCRMATION FROM THE ELEMENTS
TEMP. H -H S -G -H WMT -—--
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GF W)
298.15 0.000  9.950  9.950 0.000 0.000 0.000
UNCERTAINTY 0.100  0.100
400 0.650 11.830  10.205 +000 . 000 +000
500 1.335 13,350 10.680 .000 . 000 .000
600 2.060 14,670  11.237 +000 . 000 .000
700 2.825 15.850 11.814 «000 . 000 +000
137 3,120 16,260 12.026 .000 . 000 «000
737 3.180  16.340 12.026 .000 . 000 .000
800 3,660 16,960  12.385 +000 «000 +000
900 4.490  17.940 12,951 +000 . 000 .000
1000 5.390  18.890  13.500 +000 «000 +000
1100 6.350 19.800 14,027 .000 . 000 +000
1123 6,570 20,010 14,160 »000 . 000 2000
1123 8.540 21.760  14.160 .000 . 000 .000
1200 9.110  22.250  14.658 +000 +000 .000
1300 9.850  22.850 15.273 <000 +000 «000
1400  10.590 23.390 15.826 +000 . 000 000
1500  11.330 23.910 16,357 +000 . 000 .000
1600  12.070 24.380 16.836 .000 «000 000
1700  12.810 24.830 17.295 +000 © .000 .000
1756 13.220 25,070  17.542 .000 »000 2000
1756 49.622 45.800  17.542 . 000 . 000 +000
1800  49.829  45.920 18,237 +000 . 000 +000
1900  50.329 46,190 19.701 +000 . 000 +000
2000  50.829  46.440 21.025 .000 « 000 +000
MELTING POINT 1123  DEG K BOILING POINT 1756  DEG K
HEAT OF FUSION 1.970 KCAL HEAT OF VAPOR. 36.402 KCAL
H -H 1.3750 KCAL MOLAR VOLUME  0.62596 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 68 68 COMPILED
4-15-67




38 THERMODYNAMIC PROPERTIES OF MINERALS

CADMIUM (REFERENCE STATE)

tzssiakgbzszacgyksdogssaass=sxsgazs=x==g=

GRAM FORMULA HWEIGHT

TRV IIISIIITTTIIZ

112.400

cd: Hexagonal close packed crystals 298.15° to melting point
594.18°K. Liquid 594.18° to boiling point 1040°K. Ideal
monatomic gas 1040° to 2000°K.
FORMATION FROM THE ELEMENTS
TEMP, H -H S -{G -H /T -- ————
T 298 T T 298 ENTHALPY FREE ENERGY 1LO0G K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298,15 0.000 12,380 12.380 0.000 0. 000 0.000
UNCERTAINTY 0.040 0.040
400 0.646 14,240 12.625 «000 « 000 «000
500 1.310 15.720 13.100 «000 « 000 +000
594.1 960 16,910 13.61) +000 2000 2000
594.18 3.440 19.400 13.611 +000 « 000 +000
600 3.483 19.480 13.675 .000 «000 <000
700 4.193 20.570 14.580 «»000 « 000 +000
800 4.903 21.520 15.391 . 000 « 000 +000
900 5.613 22.360 16.123 «000 «000 «000
1000 6.323 23.110 16,787 <000 «000 <000
1040 6.607 23.390 17.037 «000 « 000 «000
1040 30.402 46,270 17.037 000 « 000 «000
1100 30.703 464550 18,638 «000 « 000 «000
1200 31.200 46.980 20.980 «000 « 000 000
1300 31.697 47.380 22.998 000 « 000 +000
1400 32.194 47.750 24.754 «000 « 000 »000
1500 32.691 48.090 264296 000 « 000 000
1600 33.188 48.410 27.667 <000 « 000 +000
1700 33.685 48.710 28.895 «000 « 000 «000
1800 34.182 48.990 30.000 «000 « 000 «000
1900 34.679 49.250 30.998 + 000 « 000 «000
2000 35.176 49.520 31.932 . 000 « 000 000
S - —
MELTENG POINT 594.18 DBG K BOILING POINT 1040 DEG K

HEAT OF FUSION

H -H
298 O

TRANSITIONS IN

1.480 KCAL

1.4940 KCAL

HEAT OF VAPOR.
MOLAR VOLUME

REFERENCE STATE ELEMENTS

23,795 KCAL
0.31083 CAL/BAR

REFERENCES 68

68

COMPILED
3-31-67

-



PROPERTIES AT HIGH TEMP ERATURES 39

CERIUM (REFERENCE STATE) GRAM FORMULA WEIGHT 140,120

AR I I SR I I ICI I EIE IR I ZE I ITATTIIVIT RS ATUIRS

Ce: a crystals (face-centered cubic) 298.15° to 1003°K.
B crystals 1003° to melting point 1077°K. Liquid 1077° to

2000°K.
FORMATION FROM THE ELEMENTS
TEMP, H -H S -{G -H wT
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) {CAL/DEG-GF¥) (KCAL/GFW)
298.15 -0.000 15.300 15.300' 0.000 0.000 0.000

UNCERTAINTY 2.000 2.000
400 0.672 17.240 15.560 000 « 000 «000
500 1.365 18.780 16.050 000 « 000 000
600 2.090 20.110 16.627 «000 « 000 +000
700 2.860 21.280 17.194 «000 + 000 +000
800 3.660 22.360 17.785 000 « 000 000
900 4.510 23,350 18.339 -000 « 000 «000
1000 5+400 24.290 18.890 «000 « 000 000
1003 5.420 24,320 18.917 2000 2000 2000
1003 6.120 25.020 18.917 000 000 000
1077 6.790 25,660 19.355 000 « 000 «000
1077 8.030 26.810 19.355 .000 - 000 +000
1100 8.250 27.010 19.510 +000 « 000 +000
1200 9.180 27.820 20.170 »000 « 000 +000
1300 10.120 28.570 20.785 «000 « 000 000
1400 11.050 29.260 21.367 «000 « 000 000
1500 11.850 29.810 21.910 .000 « 000 +000
1600 12.650 30.330 22.424 <000 « 000 <000
1700 13.450 30.810 22.898 «000 + 000 «000
1800 14.250 31.270 23.353 «000 « 000 000
1900 15.050 31.700 23.779 «000 « 000 «000
2000 15.850 32.110 24.185 +000 « 000 <000
MELTING POINT 1077 DEG K BOILING POINT DEG k
HEAT OF FUSION 1.240 KCAL HEAT OF VAPOR. KCAL
H -H 1.6700 KCAL MOLAR VOLUME 0.49642 CAL/BAR
298 O

TRANSITIONS IN

REFERENCE STATE ELEMENTS

REFERENCES 68

68 COMPILED
4-15-67

-



40 THERMODYNAMIC PROPERTIES OF MINERALS

CHLORINE (REFERENCE STATE) GRAM FORMULA WEIGHT 70.906
kcrzdssstrs S gy E sl S S SN E SIS ST I I IS SRS S S S S S S ST SRESSSES SIS
C12: Ideal diatomic gas 298.15° to 2000°K.

FORMATION FROM THE ELEMENTS

TEMP. H ~H S -6 -H /T -- ———
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG~GF W) (KCAL/GFW)

298.15 0.000 53,288 53.288 0.000 0. 000 0.000
UNCERTAINTY 0.010 0.010

400 0.845 55.723 53.610 «000 » 000 <000

500 1.698 57.627 54,231 - 000 « 000 000
600 2.567 59.211 54.933 000 « 000 .000
700 3.445 60.564 55.643 «000 . 000 .000
800 4.331 61.746 56.332 «000 « 000 000
900 5.221 62,795 56.994 +000 » 000 »000
1000 64115 63.736 57.621 «000 « 000 +000
1100 7.012 64,591 58.216 . 000 » 000 «000
1200 7.912 65.374 58.781 000 . 000 . 000
1300 8.814 66.096 59.316 <000 « 000 «000
1400 9.718 66.766 59.825 «000 » 000 «000
1500 10.624 67.391 60.308 +000 « 000 «000
1600 11.532 67.977 60.769 000 « 000 000
1700 12.441 68,529 61.211 +000 « 000 « 000
1800 13.352 69.049 61.631 «000 « 000 000
1900 14.264 69.543 62.036 000 » 000 «000
2000 15.179 70.012 62.422 . 000 « 000 «000
MEiTlNG POINT 172.16 DEG K BOILING POINT 239.10 DEG K
HEAT OF FUSION 1.531 KCAL HEAT OF VAPOR.. 4.878 KCAL

H ~H 2.1940 KCAL MOLAR VOLUME 584.727 CAL/BAR

298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 148 158 . COMPILED
6-13-66




PROPERTIES AT HIGH TEMPERATURES 41

COBALT (REFERENCE STATE) GRAM FORMULA WE IGHT 58.933
=z NS I SIS SIS T B E I I SIS IS ITRIZSITTTTIAINES

a crystals (hexagonal close packed) 298.15° to 700°K.
B crystals (face-centered cubic) 700° to melting point 1768°

Co:

Liquid 1768° to 2000°K.

Curie point at 1394°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S -(G -H YA}
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW) )

2§8L15 40.000 7.180 T.180 0.000 0.000 0.000
UNCERTAINTY 0.100 0.100

400 0.625 8.970 T.407 «000 « 000 «000
500 1.280 10.440 7.880 .000 «000 «000
600 1.972 11.700 8.413 +000 « 000 +000
100 2.700 12.820 8.963 000 « 000 000
700 2.808 12.970 8.963 « 000 « 000 «000
800 3.5680 13.980 9.530 000 « 000 000
900 4.360 14.920 10.076 «000 « 000 000
1000 5.214 15.810 10.596 «000 +000 «000
1100 6.131 16.690 11.116 «000 « 000 000
1200 T.122 17.550 11.615 «000 «000 «000
1300 8.213 18.420 12.102 «000 « 000 <000
1394 9.379 19.280 12.552 «000 « 000 «000
1400 9.448 19.330 12.581 . 000 + 000 «000
1500 10.438 20.010 13.051 +«000 « 000 +000
1600 11.368 20.610 13.505 «000 « 000 000
1700 12.276 21.160 13.939 «000 « 000 «000
1768 12.890 21,510 14.220 « 000 -

1768 16.760 23.700 14.220 «000 «000 «000
1800 17.070 23.880 14.397 «000 « 000 +000
1900 18.038 24.410 14,918 «000 « 000 +000
2000 19.006 24.910 15.407 000 « 000 +000
MELTING POINT 1768 DEG X 4 BOILING POINT 3201 DEG K
HEAT OF FUSION 3.870 KCAL HEAT OF VAPOR. 89.998 KCAL
H ~H 1.1390 KCAL MOLAR VOLUME 0.15942 CAL/BAR
298 O

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 68

68

COMPILED
4=15-67




42 THERMODYNAMIC PROPERTIES OF MINERALS

CHROMIUM (REFERENCE STATE) GRAM FORMULA WE IGHT 51.996

EE SRS S S S S O CEES S IES S S SS SIS SSSSSSSSSTSSSSS ST S2=SSISTSSSSISSIIII=====

Cr: Body-centered cubic crystals 298.15° to melting point 2176°K.

FORMATION FROM THE ELEMENTS

TEMP. H ~-H S -{G -H | VR ——— - :
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GF W) [KCAL/GFW)

298.15 0.000 5.€50 5.650 0.000 0.000 0.000
UNCERTAINTY 0.050 0.050

400 0.591 7.350 5.872 .000 « 000 «000
500 1.213 8.740 6e314 . 000 « 000 . 000
600 1.871 9.940 6.822 . 000 . 000 000
700 2.558 11.CC0 Te346 . 000 + 000 «000
800 3.270 11.950 7.862 000 « 000 000
900 4.000 12.810 8.366 . 000 « 000 000
1000 4.752 13.€C0 8.848 . 000 . 000 «000
1100 5.538 14.350. 9.315 . 000 « 000 000
1200 6.362 15.070 9.768 «000 » 000 000
1300 7.233 15.760 10.196 000 <000 000
1400 8.142 16.430 10.614 000 « 000 .000
1500 9.088 17.090 11.031 «000 « 000 000
1600 10.080 17.730 11.430 «000 » 000 «000
1700 11.114 18.350 11.812 000 « 000 000
1800 12.188 18.970 12.199 «000 . 000 000
1900 13.303 19.570 12.5¢68 . 000 « 000 «000
2000 14.449 20.160 12.935 000 « 000 .000
MELTING POINT 2130 DEG K BCILING POINT 2945 DEG K
HEAT OF FUSION 4.047 KCAL HEAT OF VAPOR. 82.283 KCAL

H  -H 0.9700 KCAL MOLAR VOLUME 0.17283 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

- - - - = = - - -

REFERENCES 68 68 COMPILED
3-31-67




PROPERTIES AT HIGH TEMPERATURES 43

COPPER (REFERENCE STATE) GRAM FORMULA WE IGHT 63.540
====g========|========================================= Z=ZETST==TsST====
Cu: Face-centered cubic crystals 298.15° to melting point 1356°K.

Liquid 1356° to 2000°K.

FCRMATION FRCM THE ELEMENTS

TEMP. H =H S ={G -H /T —eecccecmcrcc s e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 7.970 7.970 0.000 0. 000 0.000
UNCERTAINTY 0.040 0.040
400 0.500 9.700 8.,2C0 .000 . 000 . 000
500 1.215 11.C70 8.640 000 « 000 000
600 1.845 12.220 9.145 . 000 . 000 .000
700 2.480 13.2C0 9.657 .000 « 000 000
800 3.130 14.070 10.157 .000 . 000 .000
900 3.800 14.860 10.638 . 000 . 000 000
1000 4,490 15.580 11.090 .000 . 000 +000
1100 5.190 16.250 11.532 . 000 « 000 .000
1200 5.895 16.870 11.957 « 000 . 000 000
1300 6.615 17.440 12.352 « 000 « 000 . 000
1357 7.040 17,760 12.512 2000 « 000 <000
1357 10.160 20.0€0 12.572 000 « 000 000
‘1400 10.480 20.290 12.8C4 «000 « 000 «000
1500 11.230 20.810 13.323 «000 « 000 «000
1600 11.980 21.290 13.803 <000 « 000 »000
1700 12.730 214740 14.252 000 « 000 000
1800 13.480 22.170 14.681 .000 « 000 000
1900 14.230 22.580 15.091 <000 « 000 +000
2000 14.980 22,960 15.470 000 « 000 000
MELTING POINT 1356 6 DEG K BDILING POINT 2846 DEG K
HEAT OF FUSION 3.120 KCAL HEAT OF VAPOR. 72.610 KCAL
H -H 1.2C10 KCAL MOLAR VOLUME 0.17000 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 68  £8 COMPILED
114 4-15-67

———- —-— - - - ———————




44 THERMODYNAMIC PROPERTIES OF MINERALS

FLUORINE (REFERENCE STATE) GRAM FORMULA WEIGHT 37,997

FCRMATION FROM THE ELEMENTS

TEMP. H ~H S -(G -H J/T —eecermcrmccccccr e e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF &) (KCAL/GFW)
298,15 0.000 48.440 484440 0.000 0.000 0.000
UNCERTAINTY 0.C50 0.050
400 0.784 50.7C0 48,740 .000 . 000 000
500 1.591 52.458 49.316 » 000 » 000 «000
600 2.423 54.C15 49.917 000 000 +000
700 3.274 55.327 50.650 » 000 « 000 . 000
800 4.140 56.482 51.307 « 000 000 000
900 5.016 5T.514 51.941 « 000 « 000 000
1000 5.901 58.446 52.545 000 000 .000
1100 6.793 59.296 53.121 .000 « 000 000
1200 7.690 60.077 53.669 . 000 « 000 000
1300 8.593 60.8C0O 54.190 .000 « 000 000
1400 9.500 6l.472 54.686 000 000 «000
1500 10.411 62.1C1 55.160 . 000 « 000 000
1600 11.326 62.€91 55.612 . 000 « 000 <000
1700 12.244 63,248 56.046 .boo « 000 000
1800 13.166 63.774 56.460 000 « 000 000
1900 14.090 64.274 56.858 000 000 . 000
2000 15.017 64,750 57.241 000 « 000 000
MELTING POINT 53.54 DEG K BOILING POINT 85.02 DEG K
HEAT OF FUSION 0.122 KCAL HEAT OF VAPOR. 1.562 KCAL
H -H 2.1100 KCAL MOLAR VOLUME 584.727 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

. 2 o = - - - - - = = - - - -

REFERENCES 148 148 COMPILED
158 12-10-66

- 0 s e e > s P D e s e > - = = =~ -



PROPERTIES AT HIGH TEMPERATURES

IRON (REFERENCE STATE)

E-s=f4- ST = == CCS=SICSCSSCSSTSCESSSCSSSSSSXSTSSZSSSESS SIS SSSIIISSTITISTSS==S

Fe:

e crystals (body-centered cubic) 298.15° to 1184°K.

point 1033°K.
1665°K.
point 1809°K.

GRAM FORMULA WE IGHT

45
55.847

Curie

Y crystals (face-centered cubic) 1184° to

quuld 1809° to 2000°K.

§ crystals (body-centered cubic) 1665° to melting

FORMATION FROM THE ELEMENTS

TEMP. H -H S =G -H /T -- i S
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
- —— - - [ -
298.15 0.000 6.520 6,520 0.000 0.000 0.000
UMCERTAINTY 0.C30 0.030 .
400 0.635 8.350 6,762 .000 . 000 000
500 1.310 9.860 T.240 . 000 . 000 000
600 2.040 11.190 7.790 . 000 « 000 . 000
700 2830 12.4C0 8.357 .000 « 000 000
8090 3.700 13.560 8.935 . 000 +» 000 «000
900 4.580 14.720 9.520 . 000 « 000 .000
100G 5840 15,940 10.1C0 «000 « 000 . 000
1100 T7.220 17.260 10.696 «000 « 000 «000
1184 8.030 17.9170 11.188 +000 » 000 000
1184 8.255 18.1€0 11.188 . 000 « 000 .000
1200 8.390 18.270 11.278 «000 « 000 000
1300 9.210 18.920 11.835 .000 « 000 «000
1400 10.050 19.540 12.361 . 000 « 000 «000
1500 10.900 20.130 12.863 .000 « 000 000
1600 11.770 20.€90 13.334 « 000 « 000 .000
1665 12.340 21.C40 13.630 . 000 + 000 «000
1665 12.600 21.200 13.630 . 000 « 000 «000
1700 12.940 21.400 13.788 000 « 000 000
1800 13.930 21.970 14,231 .000 « 000 «000
1809 14,020 22.C20 14.270 . 000 + 000 .000
1809 17.650 24,030 14.270 «000 « 000 . 000
1900 18.610 24,540 14,745 « 000 « 000 «000
2000 19.660 25.080 15.250 000 « 000 000
MELTING POINT 1809 DEG K BOILING POINT 3148 DEG K
HEAT OF FUSION 3.630 KCAL HEAT OF VAPOR. 83,710 KCAL

H -H
298

1.0730 KCAL

0

MOLAR VOLUME

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES

-

68

0.16950 CAL/BAR

COMPILED

6-13-66




46 THERMODYNAMIC PROPERTIES OF MINERALS

GRAM FORMULA WE IGHT

EE SRS NS SIS CICCSISSSSSR SRS SSSSSITT=II=S=S

2.016

FORMATION FROM THE ELEMENTS

TEMP, H -H N -{G -H L VA B -
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000 31.2¢8 31.208 0.000 0.000 0.000
UNCERTAINTY 0.010 0.010
400 0.707 33.247 31.479 000 « 000 «000
500 1.406 34.8C6 31.994 « 000 « 000 000
600 2.106 36.082 32.572 +000 . 000 000
700 2.808 37.165 33,154 000 000 +000
800 3.514 38.1C7 33.714 .000 « 000 «000
900 44226 38.946 34.250 . 000 « 000 000
1000 4.944 39.702 34,758 . 000 « 000 +000
1100 5.670 40.39¢4 35.239 . 000 « 000 «000
1200 6.404 41,033 35,696 . 000 . 000 +000
1300- 7.148 41.628 36.120 000 « 000 «000
1400 7.902 42.187 36.543 . 000 + 000 000
1500 8.668 42.716 36.937 «000 « 000 «000
1600 9.446 43,217 37.313 +000 « 000 <000
1700 10,233 43.695 37.676 000 . 000 «000
1800 11.030 44.150 38,022 «000 . 000 +000
1900 11.836 44.586 38,357 «000 « 000 000
2000 12.651 45.004 38.678 +»000 . 000 «000
MELTING POINT 12.96 DEG K BOILING POINT 20.39 DEG K
HEAT OF FUSION 0.028 KCAL HEAT OF VAPOR. 0.216 KCAL
H -H 2.0240 KCAL MOLAR VOLUME 584,727 CAL/BAR
298 0
TRANSITIONS IN REFERENCE STATE ELEMENTS
REFERENCES 148 148 COMPILED
158 12-10-66




PROPERTIES AT HIGH TEMP ERATURES 47

HAFNIUM (REFERENCE STATE) GRAM FORMULA WEIGHT 178.490

ECZ SRR S SIS RES SIS NECSR S S IE S E RS S IS ST SRS S S ESEIRSESSSSSSISSS

HEf: Hexagonal close packed crystals 298,15° to melting point

2500°K.
FORMATION FROM THE ELEMENTS
TEMP. H -H S -(G -H )/T semmmemsscccs e cm e e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 10.410 10.410 0.000 0.000 0.000
UNCERTAINTY 0.050 0.050
400 0.636 12.240 10.650 . 000 « 000 «000
5C0 1.278 13.680 11.124 «000 « 000 +»000
600 1.939 14.880 11.648 +000 . 000 - 000
700 2.618 15.930 12.190 . 000 « 000 . 000
800 3.316 16.860 12.715 «000 « 000 «000
900 4.031 17.7¢0 13,221 +000 . 000 000
1060 4.765 18.470 13.7C5 000 000 000
1100 5.517 19.190 14.175 000 . 000 000
12¢C0 6.287 19.860 14.621 «000 . 000 000
1300 7.076 20.490 15.047 .000 . 000 .000
1400 7.882 21.0690 15.460 « 000 « 000 . 000
1500 8.707 21.6€0 15.855 +000 « 000 000
1600 9.550 22.200 16.221 000 . 000 000
17¢c0 10.412 224720 16.595 «000 « 000 000
1800 11.291 23.230 16,957 « 000 « 000 .000
1900 12.189 23.710 17.295 .000 « 000 .000
20C0 13.105 24.180 17.627 000 « 000 .000
MELTING POINT 2500 DEG K BOILING POINT 4876 DEG K
HEAT OF FUSION 5.750 KCAL HEAYT CF VAPOR. 137.462 KCAL
H -H 1.397 KCAL MCLAR VOLUME 0.32216 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 68 €3 COMPILED
4~15-67

" e o = e = e - = = = = = - - - -



48 THERMODYNAMIC PROPERTIES OF MINERALS

MERCURY (REFERENCE STATE)

£S=ST2==ICT IS S =SS SIS SIS IS SSESSSSSSSSSSSS=SSSSISSSSTIIITTISZE=RS

Hg:

Liquid 298.15° to boiling point 629.73°K.

gas 629.73° to 2000°K.

GRAM FORMULA WE IGHT

200.590

Ideal monatomic

FORMATION FROM THE ELEMENTS

TEMP. H -H S (6 -H /T =~--seemmommmm s mmm e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 18.170 18.170 0.000 0.000 0.000
UNCERTAINTY 0.C20 0.020
4C0 0.673 20.114 18.431 000 . 000 . 000
500 1.325 21.569 18.919 «000 « 000 .000
600 1.974 22.751 19.4¢61 . 000 . 000 000
629.73 2.167 23.064 19.622 + 000 « 000 000
629.73 16.339 45,567 19.622 .000 . 000 .000
7¢0 16.649 46,033 224249 . 000 « 000 <000
800 17.146 46.€97 25.2¢€5 . 000 « 000 000
9Cco 17.642 47,282 27.680 .000 . 000 000
1000 18.139 47.805 29.666 «C00 » 000 000
1100 18.636 484279 31.327 000 « 000 000
12¢0 19.133 48.711 32.767 «000 . 000 «000
1300 19.630 49.109 34.0C09 000 « 000 000
1400 20.126 49.477 35.101 000 » 000 «000
1500 20.623 49.820 36,071 « 000 « 000 .000
16C0 21.120 50.140 36.940 . 000 . 000 000
17¢0 21.617 50.442 37.726 000 « 000 «000
1800 22.114 50.725 38.439 . 000 « 000 +000
19C0 22.610 50.994 39.094 000 . 000 .000
2000 23,107 51.249 39.695 000 . 000 <000
MELTING POINT 234.29 DEG K BCILING POINT 629.73 DEG K
HEAT OF FUSION 0.549 KCAL HEAT OF VAPOR. 14.172 KCAL
H -H 2.2330 KCAL MCLAR VOLUME 0.35425 CAL/BAR
298 0

TRANSITIONS IN

REFERENCE STATE ELEMENTS

REFERENCES 68

COMPILED
4-15-67



I0DINE (REFERENCE STATE)

2S4S S EECS S S S S SIS SIS I NS IS ST SISSSSSSSSERSITITI=TIII= ==

PROPERTIES AT HIGH TEMPERATURES

GRAM FORMULA

I,: Crystals 298.15° to melting point 386.75°K.

2
2000°K.

to boiling point 458.39°K.

49

]

WE IGHT 253,80

Liquid 386.75°
Ideal diatomic gas 458.39° to

TEMP. H -H S -G -H e ettt
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFHW)
298.15 0.000 27.757 27.757 0.000 0. 000 0.000
UNCERTAINTY 0.C40 0.040
386475 1.232 31.312 28.126 « 000 000 .000
386.75 4.941 40.901 28.126 + 000 . 000 . 000
400 5.196 41.€01 284611 «000 « 000 +000
458,39 6.322 44,221 30.429 000 . 000 +000
458439 16.348 66.C92 30.429 «000 . 000 .000
500 16.719 66.876 33.438 «000 » 000 .000
600 17.616 68.510 39.150 000 000 .000
700 18.515 69.896 43,446 . 000 . 000 .000
a00 19.416 71.100 46.830 « 000 « 000 000
900 20.320 T72.164 49.586 . 000 . 000 .000
1000 21.225 73.118 51.893 000 »000 .000
1100 22.132 73.982 53.862 000 . 000 .000
1200 23.041 74.713 55.572 . 000 . 000 000
1300 23.950 75.501 57.078 . 000 « 000 «000
1400 24,862 76.177 58.418 000 . 000 .000
1500 25,775  76.806 59.623 000 « 000 000
1600 26.689 77.297 60.716 . 000 . 000 000
1700 27.605 77.952 61.714 . 000 . 000 -«000
1800 28.522 78.476 62630 000 . 000 000
1900 29,441 78.973 63,478 . 000 . 000 .000
2000 30.361 79.444 64,263 . 000 « 000 000
MELTING POINT 38€.75 DEG K BOILING POINT 458.39 DEG K
HEAT OF FUSION 3.709 KCAL HEAT OF VAPOR. 10.026 KCAL
H -H 3.1540 KCAL MCLAR VOLUME 1.22586 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 148

COMPILED
4-15-67

- ————— - - = - - " = = - — - - -



30 THERMODYNAMIC PROPERTIES OF MINERALS

POTASSIUM (REFERENCE STATE) GRAM FORMULA WEIGHT 39.102

A S IR s S S T S N I S IS S SRS S TS S S S S S S RS S S SS =SS ST SESs =Sz sSz=S====

K: Body-centered cubic crystals 298.15° to melting point 336.4°K.
Liquid 336.4° to fictive boiling point 1043.7°K. Ideal
monatomic gas 1043.7° to 2000°K. The equilibrium boiling
point to the real gas is 1037°K.

TEMP. H -H S ={G -H VT ==me—ee ——— -
T 298 T T 258 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF¥) (KCAL/GFW)
298.15 0.000 15.480 15.480 0.000 0.000 0.000
UNCERTAINTY 0.020 0.020
336.4 «280 16,364 15.530 « 000 - 000 2000
336.4 842 18,030 15.530 «000 » 000 «000
400 1.327 19.355 16.037 000 « 000 «000
500 2.070 21.013 16.873 «000 . 000 «000
600 2.796 224338 17.678 000 « 000 «000
700 3.512 234442 18.425 «000 . 000 «000
800 40224 244392 19.112 «000 . 000 +000
900 4.936 254231 19.747 «000 « 000 «000
1000 5.657 25.990 20.333 «000 « 000 «000
1043.7 5.970 264300 20,580 000 000 «000
1043.7 25.014 44,547 20.580 . 000 » 000 «000
1100 254294 44,805 21.810 « 000 « 000 «000
1200 25.791 45.238 23,745 . 000 « 000 «000
1300 26.288 45.635 25.413 +000 « 000 «000
1400 26.785 464004 26.872 « 000 . 000 «000
1500 27.282 464347 28.159 « 000 « 000 +000
1600 27.779 46.668 29.30C6 «000 « 000 «000
1700 28.277 46,969 30.3135 000 + 000 +«000
1800 28,775 47.254 31.2¢8 «000 » 000 «000
1900 29.275 47.524 32.116 « 000 « 000 «000
2000 29.775 47.781 32.893 «000 . 000 «000
MELTING POINT 336.4 DEG K BOILING POINT 1043.7 DEG K
HEAT OF FUSION 0.562 KCAL HEAT OF VAPOR. 19.044 KCAL
H =-H 1.6930 KCAL MOLAR VOLUME 1.0841 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

- ————

REFERENCES 148 68 COMPILED
4-15-67
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PROPERTIES AT HIGH TEMPERATURES 51
LITHIUM (REFERENCE STATE) GRAM FORMULA WE IGHT 6.939
===x===

Li: Crystals 298,15° to melting point 453,69°K. Liquid 453.69°
to boiling point 1638°K. Ideal monatomic gas 1638° to 2000°K,
The equilibrium boiling point to the real gas is 1620°K.

FCRMATION FRCM THE ELEMENTS

TEMP. H =H S -{6 =-H )/T meeecmmercm e s
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) {CAL/DEG-GF W) (KCAL/GFW)
298.15 0,000 6.950 6.950 0.000 0.000 0.000
UNCERTAINTY 0.040 0,040
4CO 0.632 8.770 7.190 "+ 000 « 000 000
453.69 999 9,626 T.424 .__+000 « 000 «000
453469 1.716 11.207 T.424 « 000 -« 000 +000
500 2.050 11.911 7.811 « 000 « 000 000
600 2.763 13.212 8.6C7 « 000 » 000 . 000
700 3.463 14.290 9.343 000 « 000 «000
800 4,155 15.21¢4 10.020 « 000 "+ 000 «000
900 4.846 16.028 10. 644 »000 « 000 «000
1000 5.536 16.755 11.219 000 . 000 000
1100 6.224 17.411 11.753 000 . 000 . 000
1200 6.912 18.0C9 12.249 «000 « 000 000
13co 7.598 18.558 12.713 000 . 000 «000
1400 8.283 19.066 13.150 . 000 « 000 .000
1500 8.966 19.537 13.560 . 000 « 000 «000
1600 9.647 19.977 13.948 «000 . 000 «000
1638 9.905 20.137 14.090 000 « 000 «000
1638 45.065 41.602 14.090 . 000 . 000 «000
1700 45.374 41.786 15.095 «000 « 000 000
1800 45.871 42.071 16.587 . 000 . 000 000
1900 46.368 424340 17.936 . 000 « 000 000
2000 46.866 42.595 19.162 . 000 « 000 000
MELTING POINT 453.69 DEG K BOILING POINT 1638 DEG K
HEATY OF FUSION 0.717 KCAL HEAT OF VAPOR. 35.160 KCAL
H -H 1.1C50 KCAL MOLAR VOLUME 0.31111 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 148 113 COMPILED
4-15-67
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52 THERMODYNAMIC PROPERTIES OF MINERALS

MAGNESIUM (REFERENCE STATE) GRAM FORMULA WE IGHT 244312
t===’===k===:===========================‘=:============ TZTTSSS==S==c
Mg: Hexagonal close packed crystals 298.15° to melting point 922°K.

Liguid 922° to boiling point 1378°K. Ideal monatomic gas
1363° to 2000°K.

TEMP. H -H S -(G -H J/T meeeemmes s e e m e
T 298 T T 298 ENTHALPY FREE ENERGY 1LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 7.810 7.810 0.000 0. 000 0.000
UNCERTAINTY 0.020 0.030
400 0.621 9.6C0 8.047 000 . 000 .000
500 1.260 11.020 8.500 . 000 . 000 .000
600 1.926 12.240 9.020 . 000 . 000 000
700 2.620 13.310 9.567 .000 . 000 .000
800 3.342 14,270 10.092 .000 «000 000
900 4.093 15.1¢€0 10.612 000 » 000 000
922 4,261 15,340 10.719 . 000 . 000 000
922 6.401 17.660 10.719 «000 + 000 .000
1000 7.010 18.290 11.280 . 000 . 000 .000
1100 7.790 19.040 11.958 . 000 « 000 .000
1200 8.570 19.710 12.568 . 000 « 000 +000
1300 9.350 204340 13.148 « 000 + 000 . 000
1363 9.841 20,710 13.490 «000 + 000 2000
1363 40.290 43.050 13.490 «000 « 000 «000
1400 404475 43,184 14.273 000 « 000 000
1500 40.972 43.527 16.212 000 . 000 .000
1600 41.469 43.847 17.929 + 000 « 000 «000
1700 41.966 444149 19.463 000 « 000 «000
1800 424463 444433 20.842 000 . 000 000
1900 42.960 44,701 22.090 . 000 . 000 -000
2000 43,457 444956 23.227 .000 . 000 .000
MELTING POINT 922 DEG K BOILING POINT 11363 DEG K
HEAT OF FUSION 2,140 KCAL HEAT OF VAPOR., 30.449 KCAL
H -H 1.1950 KCAL MCLAR VOLUME 0. 33451 CAL/BAR
298 O

TRANSITIONS IN REFERENCE STATE ELEMENTS

- - - - - -

REFERENCES 68 €8 COMPILED
4-15-67

- - —— —m-———-—— - -




PROPERTIES AT HIGH TEMP ERATURES 53
MANGANESE (REFERENCE STATE) GRAM FORMULA WE IGHT 54.938
tF E L R R R P P N A L sy L T R TR T 2 1)

Mn: a crystals 298.15° to 990°K.

crystals 1360° to 1410°K.

B crystals 990° to 1360°K. Y

d crystals 1410° to melting point

1517°K. Liquid 1517° to boiling point 2324°K.
FCRMATION FROM THE ELEMENTS
TEMP. H =H s -6 -H MT -- mmmemerm—mee e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG~GFW) (KCAL/GFW)

298.15 0.000 7.€50 7.650 0.000 0.000 0.000
UNCERTAINTY 0.C20 0,020

4C0 0.690 9.640 7.915 000 « 000 +«000
500 1.385 11.190 8.420 +«000 . 000 +000
~00 2.190 12.530 8.880 «000 « 000 +«000
700 2.895 13.720 9.584 «000 . 000 «000
RO0 3.715 14.810 10.166 000 + 000 000
900 4.570 15.820 10.742 «000 « 000 +000
990 5.360 16,660 11.245 +000 000 000
990 5.895 17.200 11.245 000 . 000 000
1000 5.985 17.280 11.295 «000 + 000 «000
1100 6.890 18.150 11.886 «000 « 000 <000
1200 T7.795 18.930 12.434 «000 « 000 <000
1300 8.715 19.670 12.966 «000 . 000 000
1400 10.220 20.780 13.480 «000 « 000 +«000
1410 10.330  20.860 13.534 . 000 . 000 . 000
1410 10.760 21.160 13.534 «000 000 «000
1500 11.780 21.8¢0 14.007 . 000 . 000 «000
1517 11.970 21,990 14.099 000 000 .000
1517 15.470 24.297 14.099 000 . 000 +000
1600 16.380 24.940 14.702 «000 . 000 <000
1700 17.480 25.610 15.328 «000 « 000 «000
1800 18.580 26.240 15.918 000 « 000 «000
1900 19.680 26.830 16.472 000 « 000 «000
2000 20.780 27.400 17.010 » 000 « 000 <000
MELTING POINT 1517 DEG K BOILING POINT 2324 DEG X
HEAT OF FUSION 3.500 KCAL HEAT OF VAPOR. 52.790 KCAL
H -H 1.1940 KCAL MCLAR VOLUME 0.17576 CAL/BAR
298 0

TRANSTTIONS IN REFERENCE STATE ELEMENTS

REFERENCES 68

COMPILED
4=-15-67



54 THERMODYNAMIC PROPERTIES OF MINERALS

MOLYBDENUM (REFERENCE STATE) GRAM FORMULA WE IGHT 95.940
&=z

TS SEETS TN TSRS CSE S S ES S S S S SIS SRS S SSSS SSRSSIS=ZTSas=sS

Mo: Body-centered cubic crystals 298.15° to melting point 2890°K.

TEMP. H -H S -{G -H MWT ~=o==e- —-—
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)

268;15 0.000 6.850 6.850 0.000 0.000 0.000
UNCERTAINTY 0.C50 0.050

400 0.598 8.570 7.075 «000 « 000 000
500 1.205 9.930 7.520 000 « 000 «000
600 1.828 11.060 8.013 . 000 « 000 .000
700 20462 12.C40 8.523 «000 « 000 000

800 3.104 12.900 9.020 . 000 « 000 <000
900 3.756 13.€60 9.487 .000 « 000 «000
1000 44422 14.370 9.948 000 « 000 +000
1100 5.102 15.010 10.372 000 +000 «000
1200 5.802- 15.620 10.785 - «000 + 000 <000
1300 6.518 16.190 11.176 +«000 « 000 000
1400 7.253 16.740 11.559 « 000 . 000 «000
1500 8.006 17.260 11.923 «000 « 000 «000
1600 8,777 17.760 12.274 «000 . 000 000
1700 9.566 18.230 12.603 «000 » 000 «000
1800 10.373 18.690 12.927 «000 « 000 +000
1900 11.198 19.140 13.246 «000 « 000 000
2000 12.041 19.570 13.549 «000 « 000 000
MELTING POINT 289C DEG K BOILING POINY 4883 DEG K
HEAT OF FUSION 6.650 KCAL HEAT OF VAPOR. 141.680 KCAL
H ~H 1.0980 KCAL MCLAR VOLUME 0.22435 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

- -——— - - ——— = = = = =

REFERENCES 68 68 COMPILED
6-13-66

- - - ————_c—————- —————— ——-




NITROGEN (REFERENCE STATE)

Bzt s ST =SS eSS SRS SIS SIS SIS I TSRS SSSSSSSSSSSIST SISTETITSSSSSSTS

Ny: Ideal diatomic gas 298.15° to 2000°K.

GRAM FORMULA WE IGHT

B e

PROPERTIES AT HIGH TEMPERATURES

ole]

28.013

FORMATION FROM THE ELEMENTS

TEMP. -H S ={G -H T o--
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) {KCAL/GFW)
298.15 0.000 45,770 45.770 0.000 0. 000 0.000
UNCERTAINTY 0.020 0.020
400 0.710 47.818 46.043 «000 « 000 «000
500 1.413 49,386 46.560 . 000 « 000 . 000
600 2.125 50.685 47.143 «000 « 000 000
700 2.853 51.806 47.730 «000 . 000 . 000
800 3.596 52.798 48.303 «000 . 000 000
900 4.355 53,692 48.853 . 000 « 000 000
1000 5.129 54.5C7 49.378 . 000 « 000 «000
1100 5.917 55.258 49.879 «000 « 000 «000
1200 6.718 55.955 504357 . 000 « 000 . 000
1300 T7.529 56,604 50.812 « 000 . 000 .000
1400 8.350 57.212 51.248 «000 . 000 «000
1500 9.179 57.784 51.665 . 000 « 000 «000
1600 10.015 58.324 52.0¢5 «000 . 000 «000
1700 10.858 58.835 52.448 000 . 000 .000
1800 11.707 59.320 52.816 « 000 « 000 « 000
1900 12.560 59.1782 53.171 . 000 « 000 «000
2000 13.418 60.222 53.513 <000 . 000 «000
MELTING POINT 62.18 DEG K BCILING POINT 77.36 DEG K.
HEAT OF FUSION 0.172 KCAL HEAT OF VAPOR. 1.335 KCAL
H -H 2.C720 KCAL MOLAR VOLUME 584. 727 CAL/BAR
298 0
TRANSITIONS IN REFERENCE STATE ELEMENTS
REFERENCES 148 148 COMPILED
158 12-10-66

- - - - > = - = - - - -~ = > = s = -



56 THERMODYNAMIC PROPERTIES OF MINERALS

SODIUM (REFERENCE STATE) GRAM FORMULA WE IGHT 22.990
[ L R e e S e Bt L
Na: Body-centered cubic crystals 298.15° to melting point 370.98°K.
Liquid 370.98° to fictive boiling point 1176.9°K. Ideal
monatomic gas 1176.9° to 2000°K. The equilibrium boiling

FORMATION FROM THE ELEMENTS

TEMPe H =H S -{G ~-H W/ T ===—e- - e e ——————
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 12.240 12.240 0.000 0.000 0.000
UNCERTAINTY 0.120 0.120
370.98 +514 13,778 12.394 .000 . 000 .000
370.98 1.135 15.454 12.394 000 « 000 000
400 1.356 16.028 12.638 «000 « 000 .000
500 2.097 17.683 13.489 . 000 . 000 «000
600 2.818 18.998 14,301 «000 . 000 000
700 3.524 20.085 15.051 . 000 000 000
800 4.219 21.C14 15.740 000 « 000 «000
900 4.909 21.827 16.373 <000 « 000 «000
1000 5.599 22.554 16.955 000 . 000 «000
1100 6.295 23,216 17.493 «000 . 000 000
1176.9 6,836 23.¢688 17.880 . 000 . 000 . 000
1176.9 30.121 43.473 17.880 «000 « 000 000
12€0 30.235 43,573 18.377 <000 . 000 000
1300 30.732 43.971 20.331 000 « 000 000
1400 31.229 44,339 22.033 « 000 « 000 000
1500 31.726 44,682 23,531 000 « 000 . 000
1600 32.223 45.003 24.864 000 » 000 « 000
1700 32.719 45,304 26.058 000 . 000 000
1800 33,216 45.588 27.135 . 000 « 000 000
1900 33.713 45.857 2R.113 000 « 000 .000
2000 34.211 46.112 29.0C6 «000 . 000 «000
MELTING POINT 37C.98 DEG K BOILING POINT 1176.9 DEG K
HEAT OF FUSION 0.622 KCAL HEAT OF VAPOR. 23,285 KCAL
H ~H 1.5410 KCAL MOLAR VOLUME 0.56912 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

- s -~ =~ -

REFERENCES 148 112 COMPILED
158 4-15-67



PROPERTIES AT HIGH TEMPERATURES 57

NIOBIUM (REFERENCE STATE) GRAM FORMULA WE IGHT 92.906

E=2s8S 3 eSS SIS SIS S ESSSS S S SIS S S S S S S S S S S S SIS S SSSS SIS SSSESISSIS=SISS

Nb: Body-centered cubic crystals 298.15° to melting point 2740°K.

o 1t o e e e e o e e ———— -

FORMATION FROM THE ELEMENTS

TEMPs H -H S -G -H VT == -
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)

298.15 0.000 8.7C0 8.700 0.000 0.000 0.000
UNCERTAINTY 0.100 0.100

400 0.611 10.4€0 8.932 . 000 « 000 . 000
500 1.226 11.830 9.378 « 000 . 000 000
600 1.849 12.970 9.888 000 « 000 <000
700 2.482 13.940 10.394 . 000 « 000 000
800 3.126 14.800 10.892 . 000 . 000 000
900 3.778 15.570 11.372 000 » 000 000
1000 44442 16.270 11.828 «000 « 000 «000
1100 5.116 16.910 12.259 000 - 000 .000
1200 5.799 17.510 12.6177 «000 « 000 000
1300 6,493 18.C60 13.065 000 « 000 «000
14C0 7.196 18.580 13.440 «000 « 000 +000
1500 T7.911 19.070 13.796 «000 « 000 <000
1600 8.635 19.540 14.143 « 000 « 000 . 000
1700 9.369 19.980 14.469 000 « 000 «000
1800 10.113 20.410 14,792 . 000 « 000 <000
1900 10.868 20.820 15.100 «000 « 000 «000
2000 11.632 21.210 15.394 «000 « 000 «000
MELTING POINT 2740 DEG K BOILING POINT 5017 DEG K
HEAT OF FUSION 6.302 KCAL HEAT OF VAPOR. 163,003 KCAL
H -H 1.2550 KCAL MOLAR VOLUME 0.25880 CAL/BAR
298 O

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 68 68 COMPILED
6-13-66




58 THERMODYNAMIC PROPERTIES OF MINERALS

NICKEL (REFERENCE STATE)

&-ceztzs=kzz==s=s=

GRAM FORMULA WE IGHT 58.710

EEEEE S SSE SIS SIS ST S SRS S S S S SSISSSS ST TTIS TSI

Ni: Face-centered cubic crystals (magnetic) to Curie point 630°K.

Non magnetic 630° to melting point 1726°K.

Liquid 1726° to

2000°K.
FORMATION FROM THE ELEMENTS
TEMP. H -H S -(G -H VT -- ———-
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 7.140 T.140 0.000 0. 000 0.000
UNCERTAINTY 0.020 0.020
400 0.666 9.060 74395 «000 . 000 000
500 1.373 10.640 7.894 000 » 000 .000
600 2.155 12.060 8.468 . 000 » 000 +000
631 24423 12.500 8.660 000 . 000 .000
700 2.945 13.290 9.083 000 . 000 «000
800 3.685 14.280 9.674 «000 « 000 000
900 4.439 15.170 10.238 «000 « 000 «000
1000 5.215 15.990 10.775 «000 « 000 .000
1100 64014 16.750 11.283 +000 - 000 .000
1200 6.836 17.470 11.773 000 « 000 «000
1300 T.680 18.140 12,232 »000 « 000 000
1400 8.539 18.780 12.681 + 000 « 000 <000
1500 9.404 19.380 13.111 « 000 « 000 000
1600 10.269 19.940 13.522 .000 « 000 .000
1700 11.134 20.460 13.911 - 000 . 000 000
1726 11.359 20.€00 14,019 + 000 . 000 +000
1726 15.535 23.020 14,019 «000 « 000 «000
1800 16.296 23.450 14,397 «000 « 000 000
1900 17.326 24.000 14.881 «000 « 000 . 000
2000 18.356 24.530 15.352 «000 « 000 «000
MELTING ﬁOlNT 1726 DEG K BOILING POINT 3i87 DEG K
HEAT OF FUSION 4.176 KCAL HEAT OF VAPOR. 88.523 KCAL

H -H
298 0

1.1440 KCAL MOLAR VOLUME 0.15746 CAL/BAR

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 68

68 COMPILED
4-15-67




OXYGEN (REFERENCE STATE)

2334 SES S SS g E EESS S TS S SIS SIS S S S S S S S S S S SIS S S S SIS S SIS TS SSI=T=SS

0,: Ideal diatomic gas 298.15° to 2000°K.

2

- et

PROPERTIES AT HIGH TEMPERATURES

GRAM FORMULA WE IGHT

39

31.999

- - = -

FCRMATION FRbM THE ELEMENTS

TEMP. =-H S -(G -H /T =eee=e- e eees s e e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG X (KCAL) (CAL/DEG~GF W) (KCAL/GFW)
298.15 0.000 48.996 48.996 0.000 0.000 0.000
UNCERTAINTY 0.C10 0.010
400 0.724 51.083 49.273 .000 . 000 . 000
500 1.455 52.714 49,.8C4 «000 « 000 . 000
600 2.210 54.090 50.407 «000 « 000 . 000
700 2.988 55.289 51.020 «000 «000 000
800 3.786 56.353 51.620 . 000 . 000 . 000
900 4.600 57.312 52.201 . 000 . 000 +000
1000 5.427 58.184 52.757 .000 « 000 000
1100 6.266 58.983 53.287 .000 . 000 .000
1200 T.114 59.721 53.793 000 « 000 . 000
1300 7.971 60.407 54,275 .000 « 000 000
1400 8.835 61.047 54.736 «000 « 000 000
1500 9.706 61.648 55.177 000 « 000 000
1600 10.583 62.214 55.6C0 . 000 « 000 «000
1700 11.465 62.749 56,005 . 000 . 000 000
1800 12.354 63.257 56.394 <000 000 000
1900 13.249 63.741 56.768 000 « 000 . 000
2000 14.149 644202 57.127 . 000 . « 000 000
MELTING POINT 54,39 DEG K BOILING POINT 90.13 DEG K
HEAT OF FUSION 0.106 KCAL HEAT OF VAPOR. 1.629 KCAL
H -H 2.0750 KCAL MOLAR VOLUME 584,727 CAL/BAR
298 O
TRANSITIONS IN REFERENCE STATE ELEMENTS
REFERENCES 148 158 COMPILED

6-13-66




60 THERMODYNAMIC PROPERTIES OF MINERALS

PHOSPHORUS (REFERENCE STATE) GRAM FORMUL A WE IGHT 30.974

====‘========2=======:====‘============= T =T ST TSRS SSSSSSRE======3
P: Crystals (red triclinic, V) 298.15° to sublimation point 704°K.
Ideal diatomic gas 704° to 2000°K.

FORMATION FRCM THE ELEMENTS

TEMP. H -H S -(G6 -H L I e
- T 298 T T 298 ° ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFw) (KCAL/GFH)
298.15 0.000 5.450 5.4°50 0.000 0.000 0.000
UNCERTAINTY 0.C20 0.020
400 0.542 7.C11 5.656 « 000 « 000 «000
500 1.113 8,283 65,057 . 000 + 000 000
600 1.714 9.377 6.520 . 000 . 000 <000
700 24347 10.352 6.999 000 « 000 000
704 2.373 10.388 7.017 - 000 « 000 . 000
704 23.015 29.5M -3.121 « 000 « 000 000
800 23,430 30.124 0.836 . 000 « 000 000
900 23.866 30.638 4.120 « 000 « 000 «000
1000 24.305 31.1C0 6.795 « 000 000 .000
1100 24.746 31.520 9,024 + 000 . 000 000
1200 25.189 31.905 10,914 » 000 « 000 000
1300 25.633 32.261 12.543 « 000 000 «000
1400 26.078 32.591 13.964 » 000 « 000 «000
1500 264524 32.899 15.216 000 « 000 «000
1600 264971 33.187 16.330 » 000 « 000 000
1700 27.419 33.459 17.330 000 « 000 000
1800 27.867 33.715 18.233 000 - 000 «000
1900 2R.316 33.958 19,055 000 . 000 000
2000 28.766 34.188 19.805 +000 « 000 . 000
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSIGON KCAL HEAT OF VAPOR., KCAL
H -H 0.8620 KCAL MOLAR VOLUME 0.41109 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 148 148 COMPILED
4-15-67




e

PROPERTIES AT HIGH TEMP ERATURES 61

LEAD (REFERENCE STATE) GRAM FORMULA WEIGHT 207.190

=== =S RE=3CSISSIESSYSSESSSESSSSIASSESSSSS3SSSSSSCSrs SIS SSm=Sassassss

Pb: Faced-centered cubic crystals 298.15° to melting point 600.6°K.

Liquid 600.6° to boiling point 2023°K.

et e - = - - ——— - - - - - - - - - - - - - - - -

FCRMATION FROM THE ELEMENTS

TEMP. H -H S -(G -H A e ——— -
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFh) (KCAL/GFW)
............................... —emmecmmcvence e e
298.15 0.000 15.550 15.550 0.000 0. 000 0.000
UNCERTAINTY 0.100 0.100
400 0.655 17.440 15.802 « 000 « 000 . 000
500 1.320 18,620 16.280 . 000 « 000 .000
~00 2.013 20.180 16.825 000 « 000 .000
600.6 2.017 20,190 16.832 000 . 000 2000
600.6 3.164 22,100 16.832 «000 « 000 000
700° 3.886 23,210 17.659 «000 . 000 000
800 4.610 24.180 18.417 . 000 « 000 «000
900 5.322 25,020 19.107 . 000 « 000 .000
1000 6.028 25,760 19.732 «000 «+ 000 000
1100 6.727 26,420 20.3C5 . 000 « 000 «000
1200 T.417 27.C30 20.849 « 000 « 000 000
1300 8.104 27.570 21.336 000 . 000 000
1400 8.788 28.C80 21.8C3 . 000 +«000 <000
1500 9.472 28,550 224235 «000 « 000 «000
1600 10.156 28,980 22.632 « 000 « 000 .000
1700 10.840 29.410 23.034 + 000 « 000 .000
1800 11.524 29.800 23,398 « 000 . 000 «000
1900 12.208 30,170 23,745 « 000 » 000 «000
2000 12.892 30.520 24,074 . 000 . 000 000
2023 13.049 30.€C0 24.148 000 . 000 2000
2023 55.520 51.590 24.148 . 000 « 000 .000
MELTING POINT 600.6 DEG K BOILING POINT 2023 DEG K
HEAT OF FUSION 1.147 KCAL HEAT OF VAPOR. 42.471 KCAL
H -H 1.£430 KCAL MOLAR VOLUME 0.43659 CAL/BAR
298 O

TRANSITIONS IN REFERENCE STATE ELEMENTS

- - D e e

REFERENCES 68 68 COMPILED
4~15-67

- -— - ————— -




62 THERMODYNAMIC PROPERTIES OF MINERALS

PLATINUM (REFERENCE STATE)

oA eSS IR eSS IS S SR RS I RS S S SIS S SIS SIS IS SSER SIS SESSs3SSS=ass

GRAM FORMULA WE IGHT

195.090

Pt: Face-centered cubic crystals 298.15° to melting point 2043°K.

FORMATION FROM THE ELEMENTS

TEMP. H =H S -{G -H T B
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW), (KCAL/GFW)
298.15 0.000 9.950 9.950 0.000 0. 000 0.000
UNCERTAINTY 0.050 0.050
400 0.635 11.780 10.192 000 « 000 000
500 1.270 13,200 10.6€0 «000 « 000 «000
600 1.920 14.380 11.180 +000 . 000 000
700 2.580 15.400 11.714 000 « 000 " «000
800 3.260 16.310 12.235 . 000 . 000 «000
900 3.950 17.120 12.731 « 000 « 000 . 000
1000 4.660 17.870 13,210 .000 . 000 000
1100 5.380 18.550 13.659 «000 « 000 «000
1200 6.110 19.190 14.098 « 000 « 000 <000
1300 6.850 19.780 14,511 .000 « 000 . 000
1400 7.600 20.330 14,9C1 000 000 «000
1500 ' 84360 20.860 15.287 «000 « 000 000
1600 9.140 21.360 15.647 . 000 « 000 000
1700 9.930 21.840 15.999 000 . 000 . 000
1800 10.730 22.300 16.339 . 000 + 000 «000
1900 11.540 22.740 16.666 «000 . 000 000
2000 12.360 23.160 16.980 « 000 « 000 «000
MELTING POINT 2042 DEG K BOILING POINT 4097 DEG K
HEAT OF FUSION 4.700 KCAL HEAT OF VAPOR. 121.830 KCAL
H -H 1.3740 KCAL MCLAR VOLUME 0.21728 CAL/BAR

298 O

TRANSITIONS IN REFERENCE STATE ELEMENTS

‘REFERENCES 68

68

COMPILED

4-15-67

- - - - - - -



PROPERTIES AT HIGH TEMP ERATURES 63

SULFUR (REFERENCE STATE) GRAM FORMULA WE IGHT 32.064
§=2=’=======_;= SRS ECSSSS2SSCSS3ISISSSSSSS2JII=T ST S==S SS==sSsS==S=II==
S: Orthorhombic crystals 298.15° to 368.54°K monoclinic crystals
368.54° to melting point 388.36°K. Liquid 388.36° to boiling

point 717.75°K. Ideal diatomic gas 717.75° to 2000°K.

- - - - ' = - - - " - - - - - -

FORMATION FRCM THE ELEHENTS

TEMP, H ~H S -(G -H V/T === —————-
T 298 T T 298 ENTHALPV FREE ENERGY LOG K
DEG K (KCAL) (CALIDEG-GFH) (KCAL/GFW)
298.15 0,000 7.600 7-600 0.000 0.000 0.000
UNCERTAINTY 0.C40 0.040
368,54 394 8.786 T.717 . 000 . 000 000
368.54 490 9.C47 T.717 .000 « 000 .000
388,36 2609 9.360 7.792 .000 . 000 000
388.36 1.019 10.417 T.792 . 000 « 000 «000
400 1.109 10.645 7.872 . 000 . 000 «000
500 2,048 12.738 B8.642 000 « 000 000
600 2.904 14.302 9.462 <000 . 000 «000
700 3.704 15.536 10.245 . «000 . 000 000
717,75 3.842 15.730 10,377 « 000 . 000 .000
T17.75 17.171 30.9¢C0 6.977 «000 - 000 000
800 17.529 31.363 9.452 . 000 . 000 000
900 17.967 31.879 11.916 . 000 . 000 000
1000 18.408 32.344 13.936 . 000 « 000 000
1100 18.851 32.765 15.628 . 000 « 000 «000
1200 19.295 33.152 17.073 « 000 « 000 000
1300 19.740 33,509 18.324 . 000 . 000 +000
1400 20.187 33.840 19.421 .000 . 000 .000
1500 20.635 34.148 20.391 . 000 . 000 «000
1600 21.083 34.438 21.2¢€1 .000 . 000 .000
1700 21.532 34.710 22.044 « 000 . 000 .000
1800 21.982 34.967 22.755 0.000 0.000 0.000
19C0 22.432 35.210 23.4C4 . 000 . 000 000
2000 22.883 35.442 24.000 . 000 . 000 000
MELTING POINT 388,36 DEG K BOILING POINT 717.75 DEG K
HEAT OF FUSION 0.411 KCAL HEAT OF VAPQOR. 2.300 KCAL
H -H 1.C530 KCAL MCLAR VOLUME 0.37072 CAL/BAR
298 O

TRANSITIONS IN REFERENCE STATE ELEMENTS

-——————— - - - - - - - -

REFERENCES 148 158 COMPILED
78 S-11-67




64 THERMODYNAMIC PROPERTIES OF MINERALS

DIATOMIC SULFUR (IDEAL GAS) GRAM FORMULA WE IGHT 64.128
:===*=====================:===========:=============== =E==S====S=SI=cs=
8,1 Ideal diatomic gas 298.15° to 2000°K.

— o = - - - - -

FCRMATION FROM THE ELEMENTS

TEMP. H -H S -G -H MT -- --
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG~GF W) (KCAL/GFW)
298.15 0.000  54.51  54.51 30.840 19.120  -14,015
UNCERTAINTY 0.10 0.10 0.150 0.160 0.117
400 0.811  56.85  54.82 29.433 15,210  -8.310
500 1.639  58.69  55.41 28.383 11.775  -5.147
600 2,486  60.24 56,09 27.518 8.538  -3.110
700 3.347 61,56 56,78 26,779 5.435 ___ -1.697
800 4,217 62.73  57.45 “0.000 T T 0.000 0.000
900 5,093 63,76  58.10 0.000 0.000 0.000
1000 5.975  64.69 58,71 0.000 0.000 0.000
1100 6.860  65.53 59,29 0.000 0.000 0.000
1200 7.749 66,30 59,85 0.000 0.000 0.000
1300 B.640  67.02 60,37 0.000 0.000 0.000
1400 9.533  67.68 60,87 0.000 0.000 0.000
1500  10.428  68.30  61.34 0.000 0.000 0.000
1600  11.325  68.87  61.80 0.000 0.000 0.000
1700 12,223 69.42 62,23 0.000 0.000 0.000
1800 13.123 69.93 62.64 0.000 0. 000 0.000
1900  14.024  70.42  63.C4 0.000 0.000 0.000
20C0 14.926 70.88 63,42 0.000 0,000 0.000
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H o -H 2.1410 KCAL MOLAR VOLUME 584.727  CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SULFURceees ORTHO-MCNO 368.54¢ M. P. MONO 388.36,
Bs Pe 717.75 DEG K.

REFERENCES 148 148 148 COMPILED
158 158 4-15-67



PROPERTIES AT HIGH TEMP ERATURES 65

OCTA-ATOMIC SULFUR GRAM FORMULA WEIGHT 256,512
ﬁ===’======;;=======:==========;=======q============S= I=_ITIIITTTI|=
58: Ideal octatomic gas 298.15° to 2000°K.

-————— - B

FORMATION FROM THE ELEMENTS

TEMP. H —-H S “(6 -H /T smmmmerm e
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K {(KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 102,82 102.82 24,200 11.672 -8.556
UNCERTAINTY 0.40 0.40 _0.150 ¢ 00220 ¢ 0.161
400 3.944 114.18 104.32 19,272 7. 664 -4,187
500 7.999 123,22 107.22 15.815 5.157 -2.254
600 12.153 130,80 110.54 13,121 3,291 -1.199
700 16.367 137.29 113.91 10.935 ] 1.834 ___ =0.572
800 20.619  142.97 117.20 =957413 -9, 066 2,477
900 24.897 148,01  120.35 -94.639 1.681 -0.408
1000 29,193  152.53 123,34 -93,871 12.351 ~-2.699
1100 33,503 156,64 126.18 -93,105 22,923 -4,554
1200 37.823 160.40 128.88 -92.337 33, 442 -6,091
1300 42,151 163,86 131.44 -91,569 43,907 ~-7.381
1400 46.485 167.08 133,88 -90.811 54,285 -8.474
1500 50.824 170.07 136.19 -90.056 64. 615 -9.414
1600 55,168 172.87 138.39 -89.296 74.918 ~-10.233
1700 59.514 175.51  140.50 -88.542 85.147 ~10.946
1800 63.864 177.99 142,51 -87.792 95.351 ~11,577
1900 684216 180,35  144.45 -87.040 105.487 -12.134
2000 72.569 182.58 146430 -86.295 115.617 -12.634
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR, KCAL
H -H 7.4870 KCAL MOLAR VOLUME 584.727  CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SULFUR.eeee ORTHO~MONO 368,54, M. P, MONO 388.36,
Be Pe 717.75 DEG K.

REFERENCES 148 148 148 COMPILED
158 158 5-18-67




66 THERMODYNAMIC PROPERTIES OF MINERALS

ANTIMONY (REFERENCE STATE) GRAM FORMULA WEIGHT 121.750

==k SE ST SSZ S SEES IS S CSSSSS=SSSZCSISSE2SSSSSESSTISITSISSSSSSSSSSSSSITI=

Sb: Rhombohedral crystals 298.15° to melting point 903°K. Liquid
903° to boiling point 1908°K. 1Ideal diatomic gas 1908° to

2000°K.
FORMATION FROM THE ELEMENTS
TEMP. H =H S -{G ~-H VT -- - ———
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFH)
298.15 0.000 10.920 10.920 0.000 0. 000 0.000
UNCERTAINTY 0.050 0.0¢0
400 0.625 12.720 11.157 . 000 . 000 .000
500 1.250 14.110 11.610 »000 . 000 . 000
600 1.890 15.280 12.130 000 . 000 .000
700 2.550 16.300 12.657 . 000 . 000 «000
800 3.240 17.220 13.170 . 000 . 000 000
900 3.950 18.060 13.671 «000 « 000 «000
903 4,020 18.130 13,676 2000 « 000 000
903 8.710 23.320 13.676 000 « 000 .000
1000 9.440 24.100 14.660 . 000 . 000 «000
1100 10.190 24.810 15.546 .000 « 000 «000
1200 10.940 25.460 16.343 000 . 000 «000
1300 11.690 26,060 17.068 .000 « 000 »000
1400 12.440 26.620 17.734 000 « 000 +000
1500 13.190 27.130 18,337 +«000 « 000 000
1600 13.940 27.620 18.907 000 « 000 +«000
1700 14.690 28.070 19.429 + 000 « 000 +«000
1800 15.440 28.500 19.922 . 000 « 000 000
1900 16.190 28.900 20.379 «000 . 000 «000
1908 16.250 28.940 20.423 =000 . 000 000
1908 34.834 38.680 20.423 '+ 000 « 000 .000
2000 35.775 38.890 21.003 . 000 « 000 «000
MELTING POINT 903 DEG K BOILING POINT 1908 DEG K
HEAT OF FUSION 4.690 KCAL HEAT OF VAPOR. 18,584 KCAL
H -H 1.4100 KCAL MOLAR VOLUME 0.43446 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 68 68 COMPILED
158 4+-29-67




PROPERTIES AT HIGH TEMP ERATURES 67

SELENTUM (REFERENCE STATE) GRAM FORMULA WEIGHY 78.960

=TS ST ST I S S SIS TSNS ISSXSTSISISSICSSSSSEISITSSSRsSs

Se: Crystals 298.15° to melting point 490°K. Liquid 490° to

boiling point 958°K. 1Ideal diatomic gas 958° to 2000°K.

FCRMATION FROM THE ELEMENTS

TEMP. H -H S -{G6 -H V/T eseccmesccsen e m e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 10.144 10.144 0.000 0.000 0.000
UNCERTAINTY 0.C50 0.050
400 0.650 12.014 10.389 © «000 « 000 «000
490 1.266 13.464 10.880 000 « 000 +000
490 2.566- 16.117 10..880 . 000 « 000 000
500 2.650 16.204 10.904 .000 . 000 000
600 3.490 17.734 11.917 000 « 000 +000
100 44330 19.C3¢% 12.848 .000 « 000 »000
800 5.170 20.154 13,691 «000 « 000 <000
300 6.010 21.144 14.466 .000 . 000 +«000
958 60497 21.171 14.389 . 000 . 000 «000
958 19.972 35.237 14.389 000 » 000 .000
1000 20.160 35.424 15.264 «000 « 000 «000
1100 20.610 35.854 17.118 .000 « 000 000
1200 21.060 364244 18.694 <000 « 000 +000
1300 21.510 36.614 20.068 000 « 000 »000
1400 21.970 36.944 21.251 «000 « 000 000
1500 22.420 37.264 22.317 «000 « 000 «000
1600 22.880 37.554 23.254 000 « 000 «000
1700 23,340 37.834 24,105 «000 . 000 +000
1800 23.810 38.104 24,876 «000 » 000 «000
1900 24.270 38.354 25.580 +000 « 000 .000
2000 24,740 38,594 26,224 000 . 000 »000
MELTING POINT 490 DEG K BOILING POINT 958 OEG K
HEAT OF FUSION 1.300 KCAL HEAT OF VAPOR. 13.473 KCAL
H -H 1.3190 KCAL MOLAR VOLUME 0.39245 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 149 158 COMPILED
4=15-67




68 THERMODYNAMIC PROPERTIES OF MINERALS

SILICON (REFERENCE STATE) GRAM FORMULA WEIGHT 28.086

RS eSS =SSR SRS SRS RS S S ESCSCS S SS S ECSS2SSSSSSSSSISE2=S=SS=SS=S

Si: Crystals 298.15° to melting point 1685°K. Liquid 1685° to

2000°K.
FORHATION FROM THE ELENENTS
TEMP. H -H S -(G -H M/T esmmsccer e m e et mece e
T 298 T T 298 ENYHALPY FREE ENERGY LOG K
DEG K (KCAL) ICAL/DEG-GFk) lKCAL/GFN)
298.15 0.000 4.500 4.500 0.000 0.000 0.000
UNCERTAINTY 9.C20 0.020
400 0.516 5.980 4.690 «000 . 000 »000
500 1.062 7.200 5.076 000 « 000 «000
600 1.634 84240 5.517 000 » 000 . 000
700 2.225 9.150 5.971 <000 . 000 «000
800 2.831 9.960 6.421 . 000 « 000 «000
900 3.451 10.690 6.856 .000 « 000 «000
1000 4.081 11.360 7.279 « 000 . 000 +«000
1100 4.720 11.970 T.679 . 000 « 000 000
1200 5.366 12.530 8.058 000 « 000 «000
1300 6.018 13.050 8.421 000 « 000 «000
1400 6.676 13.540 8.771 000 . 000 000
1500 7.340 13.990 9.097 000 . 000 <000
1600 8,010 14.420 9.414 .000 « 000 000
1685 8.583 14,7170 9.676 . 000 « 000 .000
1685 20.665 21.940 9.676 «000 . 000 «000
1700 20.756 21.990 9,781 000 - 000 «000
1800 21.366 22.340 10.470 000 . 000 «000
19¢0 21.976 22.670 11.104 « 000 « 000" 000
2000 22.586 22,980 11.687 000 « 000 «000
MELTING POINT 1685 DEG X BOILING POINT 3553 DEG K
HEAT OF -FUSION 12.082 KCAL HEAT OF VAPOR. 93.891 KCAL
H -H 0.7690 KCAL MOLAR VOLUME 0.28815 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

- —— - - ————- -

REFERENCES 68 68 COMPILED
35 5-06-67




TIN (REFERENCE STATE)

== C2= I TEI S =TSSR S =SS SIS SIS =SS SIS =SS SSSSTISI=SZTISSSSTSTSSTTTSTSTITZIS=

Sn: Crystals 298.15° to melting point 505°K.

2000°K.

PROPERTIES AT HIGH TEMPERATURES

GRAM FORMULA

69

WEIGHT 118.690

Liquid 505° to

- = e . = = - - - - -

FCRMATION FRCOM THE ELEMENTS

TEMP, H -H S -(G -H e e e e ec e e e e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 12.320 12.320 0.000 0. 000 0.000
UNCERTAINTY 0.0¢0 0.060
400 0.680 14.280 12.580 000 « 000 000
500 1.390 15.860 13.080 . 000 « 000 .000
505 1.430 15.940 13.110 + 000 « 000 2000
505 3.100 19.250 13.110 000 « 000 «000
600 3.760 20.450 14.183 «000 . 000 000
700 44445 21.510 15.160 000 « 000 000
800 5130 22.430 16.017 «000 « 000 «000
900 5.820 23.230 16.763 «000 . 000 «000
1000 6.500 23.950 17.450 «000 « 000 .000
1100 7.190 24.€10 18.074 000 » 000 .000
1200 7.870 25.200 18.642 . 000 « 000 «000
1300 8.560 25.750 19.165 .000 . 000 .000
1400 9.240 26.260 19.660 <000 « 000 000
1500 9.930 26.730 20.110 000 « 000 . 000
1600 10.610 27.170 20.539 000 « 000 «000
1700 11.300 27.590 20.943 000 « 000 «000
1800 11.980 27.980 21.324 . 000 « 000 000
1900 12.670 28.350 21.682 «000 » 000 000
2000 13.350 28,700 22.025 « 000 « 000 .000
MELTING POINT 505 DEG K BOILING POINT 2896 DEG K

HEAT OF FUSION

TRANSITIONS IN

1.670 KCAL

1.5050 KCAL

REFERENCES 68

€8
159

HEAT OF VAPOR.

MOLAR VOLUME

REFERENCE STATE ELEMENTS

70.770 KCAL

0.38932 CAL/BAR

COMPILED
12-10-66




70 THERMODYNAMIC PROPERTIES OF MINERALS

STRONTIUM (REFERENCE STATE) GRAM FORMULA WEIGHT 87.620
tzs=dasSss s C S g=SE TS ESSSSSSSSCS =S SSSSSSTSSSSSSESESsSZSISsSTz SIS =sasIasSsSs
Sr: acrystals (face-centered cubic) 298.15° to 862°K. ¥ crystals
(body-centered cubic) 862° to melting point 1043°K. Liquid
1043° to boiling point 1648°K., Ideal monatomic gas 1648° to

2000°K. o
FORMATION FROM THE ELEMENTS
TEMP. H -H S -6 -H WT --
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298,15 0.000 12.500 12.5C0 0.000 0.000 0.000
UNCERTAINTY 0.500  0.500
400 0.660 14.400 12.750 .000 . 000 .000
500 1.340  15.920 13,240 .000 . 000 .000
600 2.050 17.220 13.803 .000 . 000 .000
700 2.800 18.370  14.370 .000 . 000 000
800 3.580 19.410  14.935 .000 «000 000
862 4.080  20.C10  15.276 .000 . 000 .000
862 4,280  20.240 15.276 . 000 <000 ~000
900 4.610  20.620 15.498 .000 . 000 .000
1000 5.520 21.580 16.060 .000 . 000 .000
1043 5.930 21,980 16,293 .000 ___.000 .000
1043 8.330 24.280  16.293 .000 - 000 <000
1100 Be750  24.670  16.715 +000 . 000 .000
1200 9.490  25.320 17.412 .000 . 000 .000
1300  10.230  25.910  18.041 .000 . 000 +000
1400  10.970  26.460  1B.624 .000 . 000 .000
1500 . 11.710 26.970 19.163 .000 <000 +000
1600 12,450  27.450  19.669 .000 . 000 .000
1648 12,810 27,670 19.897 .000 . 000 .000
1648 46.010 47.820  19.897 .000 <000 ~000
1700  46.269  48.C80 20,863 . 000 . 000 «000
1800  46.769  48.370  22.387 . 000 . 000 .000
1900  46.269  48.640  24.288 .000 . 000 .000
2000  46.769  48.900  25.515 +000 . 000 .000
MELTING POINT 1043  DEG K BOILING POINT 1648  DEG K
HEAT OF FUSION 2,400 KCAL HEAT OF VAPOR. 33.200 KCAL
H  -H KCAL MCLAR VOLUME  0.81073 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

-— - - - - > = = = = = = - —

REFERENCES 68 68 COMPILED
6-13-66




PROPERTIES AT HIGH TEMP ERATURES 71

TELLURIUM (REFERENCE STATE) GRAM FORMULA WEIGHT 127.600

.:3:"—'==.=====§=======:=q==============-========== SES= =SZ==S3aTS=T=TSE=ET
Te: Crystals 298.15° to melting point 723°K. Liquid 723° to boil-

ing point 1262°K. 1Ideal diatomic gas 1260° to 2000°K.

TEMP. H -H S -6 -H J/T weecemmcrcccncrccccccccccnaon
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFH)
298.15 0.000 11.880 11.880 0. 000 0. 000 0.000
UNCERTAINTY 0.100 0.100
400 0.653 13.760 12.127 . 000 . 000 000
500 1.347 15.310 12.616 . 000 « 000 . 000
600 2.094 16.670 13.180 .000 +» 000 «000
700 2.894 17.900 13.7¢66 . 000 » 000 .000
723 3.085 18.120 13.853 .000 . 000 «000
723 T.265 23.900 13.853 .000 . 000 «000
800 7.960 264,860 14.910 .000 . 000 <000
300 8.860 25.920 16.076 .000 « 000 «000
1000 9.760 26.870 17.110 .000 . 000 000
1100 10.660 27.720 18.029 . 000 « 000 «000
1200 11.560 28.510 18.877 000 « 000 000
1262 12.118 28.910 19,.3C8 000 « 000 2000
1262 24.402 38.€44 19.308 . 000 « 000 000
1300 24,250 38.580 19.926 . 000 - 000 000
1400 24.700 38.910 21.267 .000 . 000 000
1500 25.145 39.220 22.457 . 000 . 000 » 000
1600 25.590 39.510 23.516 . 000 000 000
1700 26.040 39,780 24,462 .000 . 000 .000
1800 26.485 40.C30 25.316 . 000 . 000 000
1900 264930 40,280 26.1C6 . 000 . 000 .000
20C0 27.380 40.510 264820 . 000 + 000 .000
MELTING POINT 723 DEG K BOILING POINT 1262 DEG K
HEAY OF FUSION 4.180 KCAL HEAT OF VAPOR., 12.284 KCAL
H -H 1.4630 KCAL MGLAR VOLUME 0.48939 CAL/BAR
292 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

- o - = > > > > e o e 2 > e = e - - -~ " - —— - = - —— -

REFERENCES 68 €8 COMPILED
158 5-17-67



72 THERMODYNAMIC PROPERTIES OF MINERALS

THORIUM (REFERENCE STATE) GRAM FORMULA WEIGHT 232,038
to oS ISr IS eSS I TS ST C IS SIS IS S SES S S S SsErsSSSaSSsss==ss=os
Th: a crystals (face-centered cubic) 298.15° to 1673°K.
B crystals®(body-centered cubic) 1673° to melting point
1968°K. Liquid 1968° to 2000°K.

- - ————— ———— -

FCRMATION FROM THE ELEMENTS

TEMP. H -H S -(6 -H L e i D
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG~GF W) (KCAL/GFW)

298.15 0.000 12.760 12.7¢0 0.000 0. 000 '0.000
UNCERTAINTY 0.200 0.2C0

400 0.680 14.730 13.030 +000 « 000 +000

500 1.380 16.290 13.520 .000 « 000 «000
600 2.110 17.620 14.103 . 000 . 000 «000
700 2.870 18.790 14.690 <000 « 000 «000
800 3.660 19.850 15.275 000 . 000 «000
300 4.480 20.810 15.822 000 « 000 «000
1000 5.330 21.710 16.380 «000 . 000 «000
1100 5220 22.550 16.895 . 000 . 000 «000
1200 7.130 23.350 17.408 000 « 000 « 000
1360 8.070 24.1C0 17.892 000 » 000 «000
1400 9.040 24.820 18.363 000 . 000 «000
1500 10.050 25.510 18.810 . 000 . 000 - 000
1600 11.080 26.180 19.255 . 000 . 000 «000
1673 11.850 26.6€0 19.517 =000 2000 000
1673 12.520 27.060 19.577 « 000 . 000 +000
1700 12.820 27.240 19.699 . 000 « 000 «000
1800 13.920 27.870 20.1127 000 . 000 000
1900 15.020 28.470 20.565 . 000 » 000 «000
1968 15,770 28.860 20,850 « 000 000 A000
1968 20,270 31.150 20.850 «000 . 000 000
2000 20,620 31.330 21.020 .CO0 . 000 000
MELTING POINT 1968 DEG K BOILING POINT 5120 DEG K
HEAT OF FUSION 4.500 KCAL HEAT OF VAPOR. 121.930 KCAL
H =-H 1.5560 KCAL MOLAR VOLUME 0.47294 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 68 68 COMPILED
6-13-66



PROPERTIES AT HIGH TEMPERATURES 73

TITANIUM (REFERENCE STATE) GRAM FORMULA WEIGHTY 47
=

.
e e e e b B e i s ] ]

Ti: Hexagonal close packed crystals 298.15° to melting point

1943°K. Liquid 1943° to 2000°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S -(G -H /T smmeececcccec e cccccn e nnae
T 298 T T 298 ENTHALPY FREE ENERGY, LOG K

DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)

298.15 0.000 7.320 7.320 0.000 0.000 0.000
UNCERTAINTY 0.C20 0.020

400 0.627 9.130 T.562 000 « 000 «000
500 1.270 10.560 8.020 .000 « 000 «000
600 1.935 11.770 8.545 .000 «000 000
700 2.624 12.840 9.091 .000 « 000 «000
800 3.337 13.790 9.619 . 000 « 000 .000
900 4,075 14,6€0 10.132 «000 « 000 «000
1000 4.836 15.460 10.624 000 « 000 .000
1100 5.621 16.210 11.1¢C0 000 « 000 000
1155 6.063 16.6C0 11.350 . 000 « 000 .000
1155 7.080 17.480  11.350 000 » 000 000
1200 7.397 17.750 11.586 000 » 000 .000
13c0 8.120 18.330 12.084 000 « 000 .000
1400 8.867 18.880 12.546 000 « 000 000
1500 9.639 19,410 12.9284 000 . 000 .000
1600 10.436 19.930 13.4C7 . 000 » 000 .000
1700 11.258 20.430 13.808 000 « 000 000
1800 12.105 20,910 14,185 . 000 . 000 000
1900 12.976 21.380 14.551 . 000 . 000 000
1943 13.358 21.580 14.7CS 000 . 000 .000
1943 17.050 23.480 14.705 .000 . 000 000
2000 17.563 23,740 14.9°8 000 . 000 .000
MELTING POINT 1942 DEG K BOILING POINT 3562 DEG K
HEAT OF FUSICN 3.692 KCAL HEAT CF VAPOR. 100.629 KCAL
H -H 1.1490 KCAL MOLAR VOLUME 0.25409 CAL/BAR
298 O

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 68 68 COMPILED
4-15-67



74 THERMODYNAMIC PROPERTIES OF MINERALS

URANIUM (REFERENCE STATE) GRAM FORMULA

=TSRSS TSI =S ISISSISSISISATSSESTTTSII 22T

U: acrystals (orthorhombic) 298.15° to 941°K. S crystals
(tetragonal) 941° to 1048°K. v crystals (body-centered cubic)
1048° to melting point 1405°K. Liquid 1405° to 2000°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S -(6 -H | VA B - ———=
, T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W)} (KCAL/GFW)
298.15 0.000 12.CC0 12.000 0.000 0.000 0.000
UNCERTAINTY 0.€30 0.030
400 0.700 14.010 12.2¢60 000 « 000 .000
500 1.435 15.650 12.780 . 000 . 000 000
600 2.230 17.100 13.383 000 « 000 .000
700 3.100 18.440 14,011 . 000 « 000 000
800 4.050 19.710 14.647 000 . 000 000
900 5.100 20.940 15.273 «000 « 000 000
941 5.560 21,440 15,530 000 000 <000
941 6.230 22.150 15.530 «000 « 000 <000
1000 6.840 22.780 15.940 «000 « 000 +000
1048 1.330 23,260 16.267 . 000 . 000 000
1048 8.460 24.340 16.267 000 « 000 <000
1100 8.940 24,780 16.653 .000 « 000 «000
1200 9.850 25,580 17.372 <000 « 000 <000
1300 10.770 260310 18.025 «000 « 000 «000
1400 11.680 26.990 18.647 000 « 000 000
1405 11.730 27.020 18.671 000 + 000 +000
1405 14.820 29.220 18.671 «000 « 000 000
1500 15.690 29.820 19.3¢0 .000 « 000 000
1600 16.610 30.430 20.049 «000 « 000 000
1700 17.525 30.980 20.671 . 000 « 000 <000
1800 18.440 31.510 21.2¢6 .000 . 000 000
1900 19.355 32.000 21.813 «000 « 000 «000
2000 20.270 32.460 22.325 » 000 « 000 .000
MELTING POINT 1405 DEG K BOILING POINT 4473 DEG X
HEAT OF FUSICON 3.090 KCAL HEAT OF VAPOR. 117.380 KCAL
H -H 1.5210 KCAL MOLAR VOLUME 0.29869 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 68 68 COMPILED
4-15-67




PROPERTIES AT HIGH TEMPERATURES 75

VANADIUM (REFERENCE STATE) GRAM FORMULA WE IGHT 50.942

S-SRI TSE S S S CSSSESSE3 3 SS S S ST 2SS SRS S SESIS SIS SSSS ST IITS ST TSI SST==SS

V: Body-centered cubic crystals 298.15° to melting point 2175°K.

e e ot R = - - - - T e

FCRMATION FROM THE ELEMENTS

TEMP. H -H S -(G -H MW7 -- ———
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG~-GF W) (KCAL/GFW)

298.15 0.000 6.910 6.910 0.000 0.000 0.000
UNCERTAINTY 0.100 0.1C0

4C0 0.624 8.710 7.150 . 000 . 000 «000

500 1.260 10.130 7.610 «000 « 000 «000
. 600 1.911 11.310 8.125 000 « 000 000

700 2.574 12.330 8.653 «000 . 000 +000

800 3.251 13.240 9.176 .doo . 000 «000

3900 3.945 14.060 9.677 « 000 « 000 «000
1000 4.660 14.810 10,150 .000 <000 «000
1100 5402 15.520 10.6C9 .000 . 000 000
1200 6.172 16.150 11.047 +000 «000 000
1300 6.969 16.820 11.459 000 « 000 000
1400 7.792 17.430 11.8¢€4 000 000 000
1500 8.644 18.020 12.257 . 000 « 000 000
1600 9.531 18.590 12.633 +000 « 000 .000
1700 10.457 19.150 12.999 000 . 000 «000
1800 11.421 19.710 13.3¢5 000 « 000 +000
1900 12.420 20.250 13.713 <000 . 000 000
2000 13.457 20.780 14,051 «000 « 000 000
MELTING POINT 2175 DEG X BOILING POINT 3682 DEG K
HEAT OF FUSION 5.002 KCAL HEAT OF VAPOR. 108.005 KCAL
H -H 1.1090 KCAL MOLAR VOLUME 0.19957 CAL/BAR

298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

- o e e o -~

REFE#ENCES 68 68 COMPILED
12-10-66




76

TUNGSTEN

THERMODYNAMIC PROPERTIES OF MINERALS

(REFERENCE STATE)

GRAM FORMULA WE IGHT

183,850

k=X EC=S=Z TS S ==Z =TSO S ESCSCSASS SIS S SSS SIS SS= SIS SSI==SSS=S=SsS==

W: Body-centered cubic crystals 298.15° to 2000°K.

TEMP.

-H

T 298

298.15 0.000

UNCERTAINTY
400 0.602
500 1.208
600 1.826
700 2.452
800 3.085
900 3.726

1000 4.373

1100 5.028

1200 54692

1300 6.363

1400 7.043

1500 7.731

1600 8.427

1700 9.131

1800 9.843

1900 10.563

2000 11.291

MELTING POINT

HEAT OF FUSION

s -H
T T 298
{CAL/DEG-GF¥)

7.800  7.800
0,100  0.100
9.540 8,035

10.890  R.474

12.C10  B.967

12.980  9.477

13.820  9.9&4

14.580 104440

15.260 10.887

15.900 11.329

16,470 11.727

17.010 12.115

17.520  12.489

17.990 12,836

18.440  13.173

18.870  13.499

19.270  13.802

19.660  14.101

20.040  14.394

3680  DEG K
8.460 KCAL

1.1900 KCAL

ENTHALPY FREE ENERGY LOG K
(KCAL/GFW)

0.000 0.000 0.000
. 000 . 000 000
. 000 « 000 . 000
+000 « 000 «000
000 . 000 000
. 000 . 000 .000
+000 . 000 .000
. 000 . 000 «000
000 « 000 « 000
. 000 . 000 <000
. 000 . 000 000
000 « 000 000
.000 « 000 000
«000 « 000 000
. 000 « 000 «000
<000 « 000 000
000 + 000 «000
. 000 « 000 000

BOILING POINT 5828 DEG K

HEAT OF VAPOR. 196.920 KCAL

MOLAR VOLUME

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 68

-

U. 22813 CAL/BAR

COMPILED
4=29-67



PROPERTIES AT HIGH TEMPERATURES 77
ZINC (REFERENCE STATE) GRAM FORMULA WE IGHT 65.370
== E-==S=SSS=IISSIISSSSESSSSISSSI SIS SETSSTTITSTSITISTTSIIS=T=II=SS
Zn: Hexagonal close packed crystals 298.15° to melting point
692.7°K. Liquid 692.7° to boiling point 1181°K. 1Ideal
monatomic gas 1181° to 2000°K.
FORMATIGN FROM THE ELEMENTS
TEMP. H -H S -{G ~-H /T semmmcmcceaa
T 298 T T 268 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) lCAL/DEG-GFH) (§CAL/GFN)

298.15 0.000 9.950 9.950 0.000 0,000 0.000
UNCERTAINTY 0.050 0.050

400 0.630 11.760 10.185 .000 « 000 «000
500 1.270 13.200 10.660 .000 « 000 «000
600 1.940 14.410 11.177 .000 « 000 000
692.7 2.580 15.4C0 11.676 . 000 + 000 000
692.7 44345 17.950 11.676 «000 « 000 .000
700 4,400 18.030 . 11.744 . 000 . 000 000
800 5.150 19.030 12,562 «000 » 000 «000
900 5.900 19.920 13.364 .000 + 000 «000
1000 64650 20.710 14,060 «000 . 000 .000
1100 7.400 21.420 14.693 .000 . 000 +«000
1184 8.030 21.970 15.188 + 000 . 000 <000
1184 35.650 45.3C0 15.188 000 « 000 «000
1200 35.660 45.370 15.653 «000 +«000 <000
1300 36.157 45.770 17.957 +«000 « 000 +000
1400 36,654 46.140 19.959 .000 . 000 000
1500 37.150 46.480 21.713 000 « 000 <000
1600 37.647 46,800 23,211 +000 « 000 «000
1700 38.144 47.1C0 24.662 .000 « 000 «000
1800 38.641 47.380 25.913 +000 « 000 +000
1900 39.138 47.€50 27.051 .000 . 000 «000
2000 39,634 47.910 28,093 000 « 000 «000
MELTING POINT 692.7 DEG K BOILING POINT 1184 DEG K

HEAT OF FUSION

H -H
298 0

1.765 KCAL

1.3500 KCAL

TRANSITIONS IN REFERENCE STATE ELEMENTS

HEAT OF VAPOR.

MOLAR VOLUME

-

REFERENCES 68

68

27.620 KCAL

0.21898 CAL/BAR

COHPILED
4-15-617




78 THERMODYNAMIC PROPERTIES OF MINERALS

TRANSITIONS IN

REFERENCE STATE ELEMENTS

REFERENCES 148

31
148

ZIRCONIUM (REFERENCE STATE) GRAM FORMULA WE IGHT 91.220
xS SRRz S TS YT ST SIS IR PRI TIIT TSI SIS IEIZITI =SS IS TS TIEITIISSTSTITI=
Zr: Hexagonal close packed crystals 298.15° to.1143,2°K, Rody-
centered cubic crystals 1143.2° to melting point 2128°K.

FORMATION FROM THE ELEMENTS
TEMP. H -H S -{(G -H e - —————————— e e ——-—-
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) {CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000 9,310 9.310 0,000 0. 000 0,000
UNCERTAINTY 0.C40 0.040
400 0.646 11.170 9.555 +000 + 000 +000
500 1.317 12.667 10,033 «000 . 000 +000
600 2.021 13.950 10.582 «000 « 000 «000
700 2.T46 15.067 11.144 +«000 000 «000
800 3.484 16,052 11.697 «000 « 000 +000
900 4.229 16.930 12.231 +000 « 000 +000
1000 4,983 17.725 12.742 +000 « 000 . 000
1100 5753 18.458 13,228 «000 « 000 «000
1143.2 6.087 18.752 13.427 « 000 + 000 .000
1143.27 7.049 19.594 13.427 «000 +« 000 +000
1200 T.491 19.975 13.732 +000 « 000 <000
1300 8.265 20,594 14,236 «000 « 000 +000
1400 9.047 21.173 14.711 +000 +« 000 +000
1500 9.835 21.717 15.160 +» 000 « 000 .000
1600 10.630 22.231 15.587 +«000 « 000 <000
1700 11.433 22.717 15.992 +000 .« 000 +000
1800 12,242 23,180 16,379 +000 « 000 .000
1900 13.058 23,621 16.748 +000 « 000 +000
2000 13.882 24.C43 17.1C2 +000 « 000 +000
. - - ———  —— — - ——— — -~
MELTING POINT 2128 DEG K BCILING POINT 4747 DEG K
HEAT OF FUSION 4.890 KCAL HEAT OF VAPOR. 136,400 KCAL
H -H 1.3170 KCAL MOLAR VOLUME 0.33499 CAL/BAR
298 O

COMPILED
11-14-66




PROPERTIES AT HIGH TEMPERATURES 79

AMMONTIA (IDEAL GAS) GRAM FORMULA WE IGHT 17.031

NH,: Ideal gas 298.15° to 2000°K.

3
..... —————— ———— ———
FORMATION FROM THE FLEMENTS
TEMP., H -H S -(G -H LA B — ——
T 298 T T 258 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG~GFW) (KCAL/GFW)
298.15 0.000 45.97 45.97 -11.020 -3.946 2.892
UNCERTAINTY 0.05 0.C5 0.100 0.110 0.081
400 0.883 48.51 46.21 -11.552 =1. 446 0.790
500 1.819 50.60 46.96 -12.016 1.135 -0.496
600 2.827 52.43 47.72 ~12.414 3.804 -1.386
700 3.905 54.10 48,52 -12.753 6.535 ~2.040
800 5.053 55.63 49.31 -13.036 9,310 =2.543
900 6.265 57.05 50.C9 -13.271 12.118 -2.943
1000 7.540 58.40 50.86 ~13.460 14.950 -3.267
1100 8.873 59.67 51.¢€0 -13.610 17.799 -3.536
1200 10.260 60.87 52.32 -13.725 20. 660 -3.763
1300 11.697 62.02 53.03 -13.809 23,528 =-3.955
1400 13.180 63.12 53.71 -13.868 26,402 -4.122
1500 14.704 64.17 54.27 -13.907 29,280 ~4.266
1600 16.267 65.18 55.C2 -13.929 32.159 -4.393
1700 17.864 66,15 55.64 -13.934 35.042 -4.505
1800 19.491 67.08 56425 =-13.927 37.921 -4.604
1900 21.146 67.97- 56485 -13.908 40.802 -4.693
2000 22.826 68.84 5T7.42 -13.879 43, 682 -4.773
MELTING POINT 195.36 DEG K BOILING POINT 239.68 DEG K
HEAT OF FUSION 1.352 KCAL HEAT OF VAPOR. 5.581 KCAL
H -H 2.3940 KCAL MOLAR VOLUME 584.727 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 148 148 158 COMPILED
158 3-31-67




80. THERMCDYNAMIC PROPERTIES OF MINERALS

METHANE (IDEAL GAS) GRAM FORMULA WE IGHT 16.043

2:::‘:==b========2:========= EE 2 1 3 2 233t it -t it R B E E ¥ 2]
CH4: Ideal gas 298.15° to 2000°K.

- - - - e o 2 > o e > s -

TEMP. H -H N -{G -H J/T mememccsr e cc e c e r e e e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298,15 0,000 44 .49 44449 -17.880 -12.126 8.889
- UNCERTAINTY 0.05 0.05 0.080 0.090 0.066
400 0.923 47.14 44,84 -18.621 -10. 046 5.489
500 1.960 49.45 45.53 -19.301 ~7.823 3.419
600 3.138 51.60 46.37 -19.901 =5.470 1.993
700 4.454 53.62 47.26 -20.414 -3.021 0.943
300 5.897 55.55 48.18 -20.842 -0.508 0.139
900 7.458 57.38 49.10 -21.192 2.056 ~0.499
1000 9.125 59.14 ‘50402 -21.467 44653 -1.017
1100 10.887 60.82 50.92 -21.680 T.276 -1.446
1200 12.732 62.42 51.81 -21.839 9.918 -1.806
1300 14.652 63.96 52.69 -21.956 12.568 -2.113
1400 16.637 65.43 53.55 -22.035 15.229 -2.377
1500 18.679 66.84 S54.39 -22.089 17.893 -2.607
1600 20.772 68.19 55.21 -22.122 20,555 -2.808
1700 22.910 69.49 56.C1 -22.132 23.227 -2.986
1800 25.086 70.73 56.19 -22.129 25.893 =3.144
1900 27.298 71.93 57.56 -22.111 28.562 -3.285
2000 29.540 73.08 58,31 -22.084 31.228 =3.412
* MELTING POINT 9C.60 DEG K BCILING POINT 111.70 DEG K
HEAT OF FUSION 0.224 XKCAL HEAT OF VAPOR. 1.988 KCAL
H -H 23960 KCAL MOLAR VOLUME 584.727 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 148 158 158 COMPILED
3-31-67



PROPERTIES AT HIGH TEMPERATURES 81

CEMENTITE GRAM FORMULA WEIGHT 179
==2

£=zod S SE TS SIS S S S SIS S SgS SIS S SIS RS IS IIT ST SIS TTI SRS S II==

Fe3C: Crystals 298.15° to 1500°K.

- -—- - = =

TEMP. H =H S =G “H  )/T === e
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFh) (KCAL/GFW)
298.15 0,000  24.96 24496 5.960 4.759  -3,488
UNCERTAINTY 0.80 0.80 0.320 0.410 0.301
400 2,690  32.72  25.99 6.495 4.262  -2.329
500 5.670  39.37  28.03 7.131 3.634  -1.589
600 8.390  44.33 30,35 7.283 2.917  -1.063
700 11.150  48.58  32.65 7.248 2.179  -0.680
800 13,940  52.31  34.88 6.969 1.467  -0,401
900  16.760  55.62  37.00 6.362 0.840  -0.204
1000  19.610  58.63  39.02 54226 0,273 =0.060
1100 22.490  61.37  40.92 3.443 - -0.116 ¢ 0.023
1200  25.400  63.91  42.74 2,307 <0.427 0.078
13C0 28.340  66.26 46446 2.238 -0.673 0.113
1400  31.310  68.46  46.10 2.132 -0. 900 0.141
1500 34,310 70,53  47.66 2.018 -1.097 0.160
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H . -H 4.3290 KCAL MOLAR VOLUME  0.55521 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

IRONseosses CURIE P, 1033, ALPHA-GAMMA 1184, GAMMA-DELTA 1665,
M. P. CELTA 1809 DEG K.

= o e e - — ————— - " " - -

REFERENCES 74 68 162 COMPILED
68 1-12-67

- - o " - - -




82 THERMODYNAMIC PROPERTIES OF MINERALS

ACANTHITE (ARGENTITE) GRAM FORMULA WEIGHT 247.804
ﬁ:==$=3=h=====;==8==:3=3::2::'—'.‘-::==============‘—‘==:=== =Tz ==s===
Ag,S: Monoclinic crystals 298.15° to 452°K. Cubic crystals

2
(argentite) 452° to 1000°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S =16 ~-H /T --= ---
T 298 T T 268 ENTHALPY  FREE ENERGY LOG K
DEG K  (KCAL) {CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000  34.14  34.14 -7.731 -9.562 7.009
UNCERTAINTY 0.10 0.10 04210 ¢ 0.200 0.147
400 1.970  39.80  34.87 -8.120 -10.174 5.559
452 3,085 42,42 35.59 -8.150 -10.436 5.046
452 4.095  44.65  35.59 =7.140 ~10. 436 5.046
500 5.140  46.85  36.57 -7.129 -10.795 4,718
600 7.300  50.79  38.62 -7.105 -11.538 44203
700 9.460  54.12  40.61 =7.045 _____ -12.270 ___ 3,831
800  11.630  57.02  42.48 -20.020 “14.242 3.891
900  13.790  59.56  44.24 -19.668 -13.531 3.286
1000 15.960  6l.64  45.68 -19.349 -12.665 2.768
MELTING POINT 1061  DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME  0.81716 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SILVER<sses Mo Po 1234 DEG K.
SULFUReoeese ORTHO-MONO 368.549 M. P. MONO 388.36,
B. P. 717.75 DEG K.

REFERENCES 74 52 47 COMPILED
139 2-12-67

-— —-—- - -




PROPERTIES AT HIGH TEMPERATURES 83

CHALCOCITE GRAM FORMULA WE IGHT 159.144

Azc=RTn2ECERICISESTSSSSSSSISS SIS SSsSoc cI=sSSSSSSsSSSSSsSsSS=Sassas=ss

Cuzs: Orthorhombic crystals 298.15° to 376°K. lexagonal crystals

376° to 623°K. Cubic crystals 623° to melting point 1403°K.

FCRMATION FROM THE ELEMENTS

TEMP., H =H S -(G =-H }/T ecmevmecece—e- ———————e———r—————

. T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)

298.15 0.000 28.86 28,86 ~19,148 -20. 734 15,199
UNCERTAINTY 0.50 0.50 0.300 0. 340 0,249
316 1.520 33.39 29.35 -19,650 ~21.190 12,317
376 2,440  35.84  29.35 -18.730_____-21.190___ 12,317
400 3,000 37.28 29.78 -18.457 -21.351 11.666
500 5.320 42.45 31.81 -18.306 -22,092 9.656
600 7.650 46470 33.95 -18.092 ~22. 867 8.329
623 8.180 47.57 34,44 -18.040 -23.052 8,087
623 8,380 47.89 34.44 -17.840 -23.052 8.087
700 9.950 50,26  36.05 c17.862_____-23,689_____ 7.396
800 11.980 52.98 38.00 -30.957 -25.739 7.031
900 14.010 55.36 39,19 -30,.705 -25.090 6,093
1000 16.040 57.51 41.47 -30.496 -244502 5.355
1100 18.080 59.45 43,01 -30.299 -23.902 4749
1200 20.110 61.22 44446 -30.123 -23.317 4.247
1300  22.140  62.84  45.81 -29.978_____-22,164_ ____3.821
1400 24.170 64,34 47.08 -36.125 -22.013 3.436
ﬁELTlNG POINT 1403 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H ~-H KCAL MOLAR VOLUME 0.65667 CAL/BAR
298 O

TRANSITIONS IN REFERENCE STATE ELEMENTS
COPPERscese Mo P. 1357 DEG K.

SULFURGeese ORTHO-MCONO 368,54, M. P. MONO 388.36,
B. P. 717.75 DEG K.

- -

REFERENCES 74 78 20 COMPILED
160 127 5-06-67




84 THERMODYNAMIC PROPERTIES OF MINERALS

TROILITE GRAM FORMULA WE IGHT 87.911

t:‘-‘='===g======_========:===:=========== TEESSES=S==ysECSESSS =Sz E=SR===ST

FeS: a crystals 298.15° to 411°K. B crystals 411° to Curie point
598°K. v crystals 598° to melting point 1468°K.

e s e o i e A B - - - -

FORMATION -FROM THE ELEMENTS

TEMP. W -H S =16 -H W/T -- -—--
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF &) (KCAL/GFW)
298.15 0.000  14.42  14.42 -24.130 -24.219  17.753
UNCERTAINTY 0.04 0.Cé4 0.350_ 0.360 0.264
400 1.470  18.63  14.95 -24.404 -24.258  13.254
411 1,640  19.05  15.0C6 -24.391 -24.253 12,896
411 2.210  20.44  15.06 <23.821 —24.253  12.896
500 3.760  23.85  16.33 -23.728 -24.354  10.645
598 5,460 26,95  17.82 -23.580 -24, 492 8,951
598 5.580  27.15  17.82 =23.460 =24. 492 8.951
600 5.610  27.21 17.86 -23.464 -24.495 8.922
700 7.020  29.38 19,35 =23.644  =24.655 __ 7.698
800 8.430  31.26  20.72 <36.9297 77772250999 7.102
900 9.840  32.92  21.99 -136.937 -24.626 5.980
1000  11.250  34.41  23.16 =37.128___ -23.254_____5.082
1100  12.680  35.77  24.24 37,521 ____-21.840_____4.339
1200  14.150  37.05  25.26 ~37.665 220.%19 3.719
1300  15.680  38.28  26.22 -37.400 -19.006 3.195
1400  17.260  39.45 27,12 -37.107 -17.605 2.748
1468 18,350  40.21  27.71 -36.897 -16.701 2,486
1468 26.080  45.47  27.71 =29.167 -16.701 2.486
1500  26.620  45.84  28.09 -29.045 -16.388 2.388
1600  28.320  46.93 29,23 -28,663____ -15.546____ 2.124
1700  30.020  47.96  30.30 ~28.582 ~1%.727 1.893
1800  31.720  48.93  31.31 -28.322 -13,909_ ___ 1.689
1900  33.420  49.85  32.26 =31.752 212,942 1,489
2000  35.120  50.73 33,17 -31.553 -11.969 1.308
MELTING POINT 1468  DEG K BOILING POINT DEG K
HEAT OF FUSION 7.730 KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME  0.43499 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

IRONeeoesee CURIE P. 1033, ALPHA-GAMMA 1184, GAMMA-DELTA 1665,
M, P. DELTA 1809 DEG K.

SULFUReeeee ORTHO-MCNO 368.54y M. P. MONO 388.36,
B. P. 717.75 DEG K.

REFERENCES 74 53 133 COMPILED
. 2 4-15-67

- e - -——— ——— ————————




PROPERTIES AT HIGH TEMP ERATURES 85

PYRITE GRAM FORMULA WEIGHT 119.975

5t
. FCRMAT!UN FROM THE ELEMENTS
TEMP. H -H S -{G6 -H /7 -— -
T 298 T T 298 ENTHALPY FREE ENERGY LDG K
DEG K {KCAL) (CAL/DEG-GFW) {KCAL/GFW)
298.15 0,000 12.65 12.65 ~-41.000 -38.296 28.071
UNCERTAINTY 0.C3 0.C3 __0.400 0.410 0.301
4C0 1.670 17.46 13.28 -42.183 -37.311 20.386
500 3,350 21.20 14,50 -43,056 -35,988 15.730
600 5.060 24,32 15.89 -43,788 -34,504 12.568
700 6.820 27.03 17.29 -44.418 -32.909 __ 10.274
800 8.650 29.47 18.6€6 STL0108 337655 9.194%
900 10.550 31.71 19.99 -71.064 -28,973 7.036
1000 12.520 33.79 21.27 -71.136 -24.298 5.310
- ———————— - —
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H ~-H 2.3020 KCAL MOLAR VOLUME  0.57218 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

IRONeeeeees CURIE P. 1033, ALPHA-GAMMA 1184, GAMMA-DELTA 1665,
M. P. CELTA 1809 DEG K.

SULFURceeos ORTHO-MONO 368.54y M. P. MOND 388.36,
Bs P. T17.75 DEG K.

- - - - -

REFERENCES T4 52 154 COMPILED
2-12-67




86 THERMODYNAMIC PROPERTIES OF MINERALS

HYDROGEN SULFIDE (IDEAL GAS) GRAM FORMULA WEIGHT 34.080

oSt 3cS TR EE T 3 s s Ss RIS IR S SIS IS SS S E S SER S SR T T RIS TSI

HZS: Ideal gas 298.15° to 2000°K.

FCRNATION FROM THE ELEHENTS

TEMP. H -H S -(G -H VT -
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAtL) (CAL/DEG-GF &) (KCAL/GFW)
298,15 0,000 49.16 49.16 -4.930 -8.,016 5.876
UNCERTAINTY 0.05 0.05 _0.150 0,160 ____ 0.117
400 0849 51.61 49,48 -5.897 -8.983 4,908
500 1.718 53.54 50.11 -6.666 -9, 666 4,225
600 2627 55.20 50.82 -T.313 -10, 203 3.717
700 3.579  56.67  51.56 7,863 -10.640 ___ 3.322
800 4,575 58.00 52.28 -21.398 -12.219 3.338
900 5.611 59,22 52.98 -21.512 -11.064 2.687
1000 6.687 60435 53.¢66 -21.595 -9,.898 2,163
1100 7.799 61.41 54,32 ~21.652 -B8. 727 le734
1200 8.942 62.40 54.95 -21.687 -T.549 1.375
1300 10.114 63,34 55.56 -21.704 -6.365 1.070
1400 11.312 64,23 56.15 =-21.707 -5.190 0.810
1500 12.532 65.07 56472 -21.701 -4,010 0.584
1600 13.771 65.87 57.26 -21.688 -2.832 0.387
1700 15.029 66.63 57.79 -21.666 -1l. 654 0.213
1800 16.302 67.36 58.30 ~21.640 -0.479 0.058
1900 17.590 68.06 58.80 -21.,608 0. 696 -0.080
2000 18.890 68.72 59.28 -21.574 1.870 -0,204
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION . KCAL HEAT OF VAPOR. KCAL
H -H 243810 KCAL MOLAR VOLUME 584,727 CAL/BAR
298 O

TRANSITIONS IN REFERENCE STATE ELEMENTS

SULFURGseee ORTHO-MONO 368.54, M. P. MONO 388.36,
Be Pe 717.75 DEG K.

REFERENCES 148 158 158 COMPILED
4-15-67




PROPERTIES AT HIGH TEMPERATURES 87

ALABANDITE GRAM FORMULA WE IGHT 87.002

eIt E SIS SRR S SN TSI T SIS I II SIS STITIIT IS II TSRS I =TS =SS

MnS: Crystals 298.15° to melting point 1803°K.

- -~ = o = -

FORMATION FROM THE ELEMENTS

TEMP. H -H S =M6 =H )T —m=me- —mmmmmm e oo -—-
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000  18.69  18.€9 -51.115 -52.141 38,220
UNCERTAINTY 0.40 0.40 __0.200_ ______ 0.240_____ 0.176
400 1.220 22,21  19.16 -51.694 ~52,464  28.665
500 2.440 24,93 20.05 -52,108 -52,609 22,995
600 3.690  27.21  21.C6 -52.519 -52.746  19.213
700 4.970  29.18  22.08 52,746 -52,691 __ 16,451
800 6.260  30.90  23.07 Z66.099 253,881 14.719
900 7.560  32.43  24.03 66,092 -52.350___ 12,712
1000 8.850  33.79  24.94 ~66.658 =50.824" " 11.108
1100  10.150  35.03  25.80 -66.706 -49.232 9.782
1200 11.450  36.16  26.62 -66.755 -47. 649 8.678
1300  12.770  37.22  27.40 =-66.800__ ___ -46,053_____ 7.742
1400  14.130  38.23  28.14  -61,392_ ___ S44.446 " C 6.938
1500  15.530  39.19  28.84 =-68,000_____ 22,7737 " §.232
1600  16.970  40.12  29.51 -71.608 -40.795 5.572
1700  18.450  41.02  30.17 -11.677 -8, 867 4,997
1860  19.970  41.89  30.80 -71.707 -36.936 4.485
1803 20+020 41,91 30,81 ~71.710 -36,910 4,470
1803 26,260  45.37  30.81 ~65.470 =36, 910 44470
1900  27.810  46.21  31.57 -65.417 -35,340 4,065
2000  29.410  47.03  32.32 -65.368 -33, 744 3.687
MELTING POINT 1803  DEG K BOILING POINT DEG K
HEAT OF FUSION 6.240 KCAL HEAT OF VAPOR, KCAL
H o =H KCAL MOLAR VOLUME  0.51291 CAL/BAR

298 0
TRANSITIONS IN REFERENCE STATE ELEMENTS

MANGANESE.. ALPHA-BETA 990, BETA-GAMMA 1360, GAMMA-DELTA 1410,
Mo P. CELTA 1517 DEG K.
SULFURceeee ORTHO-MONO 368.54y M. P, MONO 388.36,
: Be Po 717.75 DEG K.

-———— - - -

REFERENCES 74 78 2 COMPILED
30 : 4-15-67

- ———— - n = - = -




88 THERMODYNAMIC PROPERTIES OF MINERALS

MILLERITE GRAM
TIZIII=T

22z LSS ST RN E SIS I SIS IS SITITSIS=TI

FORMULA WE IGHT

NiS: Crystals 298.15° to 600°K.

90.774

FORMATION FROM THE ELEMENTS

TEMP. H -H S =16 ~H  M/T —memcmme e eee
ST 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG~GFW) (KCAL/GFW)
298.15 0.000  15.80  15.80 -20.284 -20.600  15.100
UNCERTAINTY 1.00 1.00 _1.,000 1.050 0.770
400 1,170 19.17 16424 -20.889 -20.675  11.296
500 2.380  21.87  17.11 -21.325 -20.571 8.992
600 3.660  24.20  18.10 -21.683 -20.386 7.426
MELTING POINT .DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME  0.40368 CAL/BAR
298 0©
TRANSITIONS IN REFERENCE STATE ELEMENTS
NICKELseoso CURIE P. 631, M. P. 1726 DEG K.
SULFUReeees ORTHO-MCNO 368454y M. Po MOND 388.36,
B. P. 717.75 DEG K.
REFERENCES 74 52 140 COMPILED
173 4-15-67

- -~ -



PROPERTIES AT HIGH TEMPERATURES 89

GALENA GRAM FORMULA WEIGHT 239.254

TE3fs ST 2SS G SN TS S S S S S S S S S S S S S S S S S S S SSES ST ESIS SSSTIS=TSSIS=I=S

PbS: Crystals 298.15° to melting point 1385°K,

FCRMATION FRCOM THE ELEMENTS

TEMP. H -H S -t6 -H /T --
T 298 T T 258 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000  21.84  21.84 -23.353 -22.962  16.832
UNCERTAINTY 0.30 0.30 0.230 0. 200 0.147
400 1.240  25.42  22.32 -23.877 ~22.811  12.463
500 2.450  28.12  23.22 -24.271 -22.502 9.836
600 3.710  30.41  24.23 -24.560 22,117 8,056
100 5,040 32,46 25.26 £23.903° 77 7=21.503° "7 8.113
8C0 6.430 34,32 26.28 2350062 22,084 6.033
900 7.880  36.02 . 27.26 -38.762 -19.971 4.850
MELTING POINT 1385  DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL . HEAT OF VAPOR, KCAL
H  -H KCAL MOLAR VOLUME  0.75263 CAL/BAR
298 0 :

TRANSITIONS IN REFERENCE STATE ELEMENTS
LEADecesees Mo P, £CO.6y Ba Po 2023 DEG Ko

SULFUR+eese ORTHO-MONO 368.54, M. P. MONO 388.36,
B, Ps 717.75 DEG K.

REFERENCES 74 78 146 COMPILED



90 THERMODYNAMIC PROPERTIES OF MINERALS
HERZENBERGITE GRAM FORMULA WEIGHT 150.75¢4

SnS: a crystals 298.15° to 875°K. g crystals 875° to melting

point 1153°K. Liquid 1153° to 1200°K.

- - —————— - - ——

FORMATION FROM THE ELEMENTS

TEMP, H -H S -(G ~H /T === ————
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) {CAL/DEG-GFH) {KCAL/GFNW)
298.15 0.000 18.36 18,26 -25.464 -24.999 18.325
UNCERTAINTY 0.20 0.20 __0.350 | 0,360 0,264
400 1.210 21.85 18,82 -26.043 ~24.813 13.557
500 2.450 24.61 19.71 ~26.452 ~24.458 10.691
600 3.750 26.98 20.73 SZ87378777° =73 718" """ 5838
700 5.090 29.05 21.78 -28.523 ~22.926 7.158
800 6.520 30.96 22.81 2F17863""" =Z37337 77 (P14
8715 7.650 32.30 23.56 -41.330 ~21. 673 5.413
875 7.810 32.49 23.56 -41.170 ~21.673 S.413
900 8.140 32.86 23.82 ~-41.111 ~21.087 5.121
1000 9.470 34426 24479 -40.902 ~18.868 4,124
1100 10.840 35,57 25:712 ~-40.665 ~16.679 3.314
1153 11.580 36422 26,18 ~40.538 ~15.572 2.952
1153 19.130 42,77 26.18 ~32.988 ~15.572 2.952
1200 19.970 43,49 26485 ~32.659 ~14.825 2.700
MELTING POINT 1153 DEG K BOILING POINT DEG K
HEAT OF FUSION 7.550 KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME  0.69336 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SULFUR,eeee ORTHO-MONG 368.54y M. P. MONO 388.36,
Be Po 717.75 DEG K.
TINeoseneeoso M. P, 505 DEG K.

<
REFERENCES 74 18 133 COMPILED
1-12-67

——- - - ——




PROPERTIES AT HIGH TEMP ERATURES 91

SPHALERITE GRAM FORMULA WEIGHT 97.434

ST IR e SIS T IS SRS S S S SIS S S RS S SN SRS =S =SS IS SIST ISITTSTSTTS=S

ZnS: Cubic crystals 298.15° to 1200°K. Wurtzite is the stable

phase of 2nS above 1293 *5°K.

- e 4 = - -

FORMATION FRCM THE ELEMENTS

TEMP. H -H S =(6 -H  M/T =—memeeeee- -—e-
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K {KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000  13.77  13.77 -49.750 -48.623  35.642
UNCERTAINTY 0.20 0.20 __1.000 __1.010 0.740
400 1.140  17.05  14.20 -50.349 -48.207  26.339
560 2.320 19.68  15.C4 -50.748 -47.619  20.814
600 3.530  21.89  16.01 =51.064 ____-46.971 ___17.109
700 44760 23,79 16.99 223.094_____-46.251 14,440
800 6.010  25.46  17.95 S66.419 T 236,473 712696
900 7.280  26.95  18.86 -66.337 -43.973  10.678
1000 8.560  28.30  19.74 -66.248 -41.494 9.068
1100 9.860  29.54  20.58 -66.141 -39.031 7.755
1200 11.170  30.68  21.27 -93.535 -36.125 6.579
1300 12.500  31.74  22.12 -93.147 -31.346 5.270
NELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H  -H KCAL MOLAR VOLUME  0.56955 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SULFUReeseeo ORTHO-MOND 36B8.549 Me P. MONO 388.36,
Be P, 717.75 DEG K.
ZINCeosaoes Mo Po 692.7y Bs P. 1184 DEG Ko

REFERENCES 123 78 38 COMPILED
126 5-18-67




92 THERMODYNAMIC PROPERTIES OF MINERALS

WURTZITE GRAM FORMULA WE IGHT 97.434

ez SSS-S=SCSS=S= 2SS SIS S SSISSS ST IITSSSSSESSESSSTSTRTSSSTTITET

ZnS: Crystals 298.15° to 1300°K.

TEMP. H -H S “(6 =H  )/T ——emmmmmmmmcm e
T 298 T ‘T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0,000 16.56 16.56 -46.095 -45, 800 33,572
UNCERTAINTY 1.00 1.C0 _.0.200 __0.360 __ 0.264
400 1.160 19.90 17.60 ~46.674 -45,672 24,954
500 2.340 22.54 17.86 -47.073 -45,374 19.833
600 3,550 24,74 18.82 -47.389  -45.006 16,393
700 4,780 26.64 19.81 S49.419° T TTRABTT T TTI3L91G
800 6.030 28.31 20.77 ~62.74% 35,078 12318
900 7.290 29.79 21.69 -62.672 -42.864 10.409
1000 8.570 31.14 22.57 -62.583 -40. 669 8.888
1100 9.870 32.38 23.41 -62.476 -38.490 7.647
1200 11.180 33.52 24,20 -89.870 -35,868 6.532
1300 12.500 34,58 24.96 -89.492 -31.383 5.276
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME  0.56993 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SULFUReeees ORTHO-MCNO 368.54, M. P. MONO 388,36,
Be Pe 717.75 DEG K.
ZINCeesaoves Mo P, 692.7, B. P. 1184 DEG K.

- ————— ——

REFERENCES 123 » 132 2 COMPILED
5-08-67




PROPERTIES AT HIGH TEMPERATURES

93

CORUNDUM GRAM FORMULA WEIGHT 101.96
e e Rt Rt s s R T )
A1203: (Corundum), crystals 298.15° to melting point 2345°K.
FORMATION FROM THE ELEMENTS
TEMP. H -H S -{G -H Wi -- -
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KGAL/GFHW)
-298.15 0.000 12.18 12.18 -400.400 -378.082 277.141
UNCERTAINTY 0.03 0.C3 0.300 0.310 0.227
400 2.147 18.34 12.98 -400.559 -370. 640 202.508
500 4,577 23.76 14,60 -400.487 -362.896 158,621
600 T.193 28.52 16.53 -400.322 -355.393 129.451
700 9.940 32.75 18.55 -400.,112 -347.920 108,625
800 12.778 36.54 20.57 -399,905 -340.479 93.014
900 15.685 39.97 22.54 -399.743  -333.061 __ B0.878
1000 18.644 43,08 24,44 2%0%.8307 " T=13250290 717892
1100 21.644 45.94 26427 -404.467 -317. 364 63.054
1200 24.677 48.58 28.02 -404,224 -309.456 56.359
1300 27.735 51.03 29.70 -403.967 -301.568 50.698
1400 30.814 53.31 31.30 -403,702 -293.701 45.849
1500 33.910 55.45 32.84 -403.431 -285,. 855 41.649
1600 37.020 5745 34,32 -403.154 -278.023 37.976
1700 40,140 59.35 35.73 -402.875 -270.212 34.738
1800 43.269 61.13 37.10 -402.596 -262.413 31.861
1900 46.405 62.83 38.41 -402.320 -254. 634 29.290
2000 49.547 64.44 39.67 -402.046 -246.871 26.977
MELTING POINT 2345 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H 2+3940 KCAL MOLAR VOLUME 0.61126 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM... M. P. 933 DEG K.
REFERENCES 39 78 103 COMPILED
6-13-66

39




94 THERMODYNAMIC PROPERTIES OF MINERALS

BOEHMITE GRAM FORMULA WE IGHT 59.988
===4

z et g gy N S S S g T RS S I I S S S S S SIS S IS IS TSI EITT I

Al10(OH): Crystals 298.15° to 500°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S -(6 -H | FAl ——
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GFW) . (KCAL/GFH)

298.15 0.000 11.58 11.58 -235,500 -217.674 159.559
UNCERTAINTY 0.05 0.05 3.500 3.510 2.573
400 1.558 16.C6 12.16 -235.629 ~211. 667 115.649
500 3.425 20.20 13.35 -235.474 -205.550 89.846
MELTING POINT v DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H 2.110 KCAL MOLAR VOLUME 0.46690 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS
ALUMINUM... M. P. 933 DEG K.

REFERENCES 74 18 141 COMPILED
2-12-67

-



PROPERTIES AT HIGH TEMPERATURES 95

GIBBSITE GRAM FORMULA WE IGHT 78.004

Al(OH)3: Crystals 298.15° to 400°K.

- - -

FORMATION FROM THE ELEMENTS

TEMP. H -H s -6 -H  WT ==e-me- e e ee
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFH) (KCAL/GFW)
298.15 0.000 16.75 16.75 -306.380 -273.486 200,470
UNCERTAINTY 0.10 0.10 0.300 0.310 0.227
400 2.505 23.93 17.€7 -306,631 -262.304 143,316
MELTING POINT DEG K BOILING POINT DEG X
HEAT OF FUSION KCAL HEAT OF VAPOR, KCAL
M ~H 3.040 KCAL MOLAR VOLUME  0.76377 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM... M. P. 933 DEG K.

REFERENCES 74 78 12 COMPILED
2-12-67

-



96 THERMODYNAMIC PROPERTIES OF MINERALS

BORIC OXIDE GRAM FORMULA WEIGHT 69.620
===3%

+ T SECSO=SSr RS aCS S S IR SR SSESSSIS S RSSSSSSSSIISISSSSSEISISSSSSSS

8203: Crystals 298.15° to melting point 723°K. Liquid 723° to

2000°K.
FORMATION FROM THE ELEMENTS
TEMP. H =~H S -{G -H wT
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) . (CAL/DEG~GF W) (KCAL/GFW)
. 298,15 O.bOO 12.87 12.87 =303.640 -284. 728 208.711
UNCERTAINTY 0.10 0.10 0.400 0. 410 0.301
400 1.712 17.79 13.51 -303.,668 -278.263 152.035
500 3.671 22.15 14.81 -303.631 ~271.914 118.853
600 5.872 26.15 16.36 ~303.513 ~265.576 96.736
700 8.339 29.95 18.04 =303.245 -259.273 80.948
723 8.950 30.80 18.42 -303.154 -257.825 77.935
123 14.210 38.08 18.42 -297.894 -257.825 77.935
800 16.673 41.32 20.48 -297.198 -253.600 69.280
900 19.853 45.07 23.C1 -296.371 =-248.205 60.272
1000 23.006 48.39 25.128 =295.628 ~242.888 53.083
1100 26,128 51.37 27.62 =294.973 -237.654 47.217
1200 29.217 54.06 29.71 =294.394 -232.470 42.338
1300 32.284 56.51 31.68 -293.880 -227.325 38.217
1400 35.340 58,78 33.54 =293.414 -222.229 34.691
1500 38.394 60.88 35.28 -292.989 -217.152 31.639
1600 41.448 62,85 36.94 =-292.596 -212.105 28.972
1700 44.503 64.70 38.52 =292.234 -207.082 26,622
1800 47.549 66.45 40.03 -291.912 ~-202.100 24.538
1900 50.603 68.01 41.38 -291.606 -196.946 22,654
2000 53.648 69.66 42.84 -291.329 -189.592 20.718
MELTING POINT 723 DEG K BOILING POINT DEG K
HEAT OF FUSION 5.260 KCAL HEAT OF VAPOR. KCAL
H -H 2.2180 KCAL MCLAR VOLUME 0.65057 CAL/BAR

298 0
TRANSITIONS IN REFERENCE STATE ELEMENTS
BORONeeooee M. P. BETA 2300 CEG K.

REFERENCES 148 148 148 COMPILED
159 159 4~29-67




PROPERTIES AT HIGH TEMP ERATURES 97

BARIUM OXIDE GRAM FORMULA WEIGHT 153,339

BaO: Crystals 298.15° to melting point 2291°K.

- - b = - - ———

FORMATION FROM THE ELEMENTS

TEMP. H -H 3 -(6 -H /T - ——- ~——-
T 298 T T 268 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) {CAL/DEG-GFW) (KCAL/GFW)
298,15 0.000 16.80 16.80 -139,060 -131.994 96.754
UNCERTAINTY 0,30 0.30 0.700 0.770 0.564
400 1.170 20.16 17.23 -138.908 -129.595 70.807
500 2.380 22.87 18.11 -138.741 -127.293 55,640
600 3.660 25.20 19.10 -138.551_ ___-125.018____45.538
700 4,980 27.23 20.12 -138.495 ~122.756 38,326
800 6.300 29.00 21.12 -138.347 -120. 526 32.926
900 7.620 30.55 22.C8 -138.237_ ___=118:30)_ ___28.121
1000 8.950 31.95 23.C0 ~140.070 -116.048 25.362
1100 10.300 33,24 23.88 -139.890 -113.653 22.581
1200 11.680 34.44 24,71 -139.684 -111.279 20.267
1300 13.090 35,57 25.50 -129,.452 ~108.924 18.312
1400 14.520 36463 26426 -139,.204 -106.580 16.638
1500 15.970 37.63 26.98 -138.940 ~104.269 15.192
1600 17.440 38.58 27.68 -138.658 -101.959 13.927
1700 18.920 39.47 28.34 -138.369 -99, 670 12.813
1800 20.420 40.33 28.99 -138.064  -97.405 ___11.827
1900 21.930 41.15 29.61 =173°%%% <96.014% 11.0%%
2000 23.450 41.93 30,20 -174.038 -91, 897 10.042
MELTING POINT 2291 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR, KCAL
H -H KCAL MOLAR VOLUME  0.61157 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

BARIUMeesee ALPHA-BETA 643, M. P. BETA 983, B. P, 1895 DEG K,

- - - - ———— - = o -

REFERENCES 74 78 108 COMPILED
4-15-67
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BROMELL

et SIS S S STy RESS SIS IRTETTIST@S ST |

BeO: Crystals 298.15° to 2000°K.

THERMODYNAMIC PROPERTIES OF MINERALS

ITE

GRAM FORMULA WE IGHT
g===

EE= S CT SO E=ITSSTIT=I=S

25.012

-

FORMATION FROM THE ELEMENTS

TEMP, H -H S -{G -H
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GF W)
298.15 0.000 3.37 3.37 -143.100 -136.121 99.779
UNCERTAINTY 0.02 0.C2 0.150 0.160 0.117
400 0.727 5.45 3.64 -143.175 -133.724 73.063
500 1.594 T7.38 4.19 -143.173 -131.361 57.418
600 2.567 9.15 4.88 -143.123 -129.005 46.990
700 3.614 10.77 5.61 -143.040 ~126. 655 39.544
800 4.716 12.24 6.34 -142.932 -124.326 33.964
900 5.855 13.58 7.07 -142.815 -122.002 29.626
1000 7.019 14.81 7.79 -142.704 -119.688 26.158
1100 8.200 15.93 8.48 -142.613 -117.402 23.325
1200 9.399 16.97 9.14 -142,.528 ~115.113 20.965
1300 10.614 17.95 9.78 -142.451 -112.829 18.968
1400 11.847 18.86 10.40 =142.390 -110.551 17.258
1500 13.098 19.72 10.99 -142.335 ~ -108.285  15.777
1600’ 14,366 20.54 11.56 -145.075 -105.900 14.465
17¢0 15.652 21.32 12.11 -144.980 -103. 428 13.297
1800 16.955 22.07 12.65 -144.872 -101.001 12.263
1900 18.275 22.78 13.16 -144.749 -98.579 11.339
2000 19.613 23.47 13.6€6 -144.611 =-96. 142 10.506
MELTING POINT 2820 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H 0.6870 KCAL MOLAR VOLUME 0.19859 CAL/BAR
298 0

TRANSITIONS IN REFERENCE

BERYLLIUM.. M. P. 1556

STATE ELEMENTS

DEG K.

REFERENC

ES 157

-—— - o - -

COMPILED
4-15-67




PROPERTIES AT HIGH TEMPERATURES 99

BISMITE GRAM
=z==zs3a=== =

es=asS=gSbrssSsgyssasxsSSSSSSERS=SSESITS

FORMUL A
z=s==s==z

Bi_O_: Crystals 298.15° to melting point 1098°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S =(G-H M/T ==
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GF W)
- - - —woe
298.15 0.000  36.20 36,20 -137.160  -117.955  86.463
UNCERTAINTY 0450 0.50 0,300 0.350 0.257
400 2,770 44.19  37.26 -136.776  -111.458  60.898
500 5.630 50,56  39.30  -136.392 _ -105.167 ___45.968
600 8.550  55.89  41.64 <141,285 —98.418 35,849
700  11.550  60.51  44.01 -140.952 -91.292 28,502
800  14.620  64.61  46.33 -140.579 -84.227  23.010
MELTING POINT 1098  DEG K BOILING POINT 2040  DEG K
HEAT OF FUSION KCAL "HEAT OF VAPOR. KCAL
H -H KCAL MCLAR VOLUME 1.1885 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

BISMUTH.eee M. P, 544.5, B, P, 1852 DEG K.

- - =

- e - -

REFERENCES 74 158 ’ 158 COMPILED
- 105 5-06-67

—————— - - -— - - — -




100 THERMODYNAMIC PROPERTIES OF MINERALS

CARBON MONOXIDE GRAM FORMULA WE IGHT 28.011

Az RS S IR F S S S S S =SS S S S ES SSSTSSE S SSSESSESTSS2SSETSRSTTIITITS

Co: Ideal gas 298.15° to 2000°K.

— - - - - - -

FORMATION FROM THE ELEMENTS

TEMP. H =H S -(G -H V17 -~ - ———
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG X {KCAL) {CAL/DEG~GF¥) (KCAL/GFW)
298.15 0.000 47.22 47.22 ~26.416 -32.781 24.029
UNCERTAINTY 0.01 0.C1 0.020 0.030 0.022
400 0.711 49,27 47.49 ~26.317 -34.973 19.108
500 1.417 50.85 48.01 ~26.295 -37.141 16.234
600 2.137 52.16 48.60 ~26.331 ~39.308 14.318
700 2.873 53.29 49.19 ~26.409 -41.465 12.946
800 3.627 54.30 49.76 ~26.513 -43. 609 11.913
900 4.397 55.20 50.32 ~26.637 -45.739 11.107
1000 5.183 56.03 50.85 -26.770 -47. 854 10.459
1100 5.983 56.79 51.36 -26.913 -49.956 9.925
1200 6.794 57.50 51.84 -27.062 -52.044 9.479
1300 T.616 58.16 52.20 -27.217 -54.120 9.098
1400 B8.446 58.77 52.74 ~27.375 -56.183 8.770
1500 9.285 59.35 53.16 ~27.536 -58.235 B8.485
1600 10.130 59.90 53,57 =~27.699 -60.277 8.233
1700 10.980 60.41 53.96 ~27.864 -62.309 8.010
1800 11.836 60.90 54,23 ~28.032 -64.330 7.811
1900 12.697 61.37 54469 ~28.200 -66. 340 T.631
2000 13.561 61.81 55.03 ~28.371 =68+ 345 T.468
MELTING POINT 68.05 DEG K BOILING POINT 81.61 DEG K
HEAT OF FUSION 0.200 KCAL HEAT OF VAPOR. l.444 KCAL
H -H 2.C720 KCAL MOLAR VOLUME 584.727 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

- ——— -

REFERENCES 148 158 158 COMPILED
2-12-67

-~




CARBON DIOXIDE

PROPERTIES AT HIGH TEMPERATURES

GRAM FORMULA WEIGHT

101

44,010

————— - - - - - - " - - - - -

FCRMATION FROM THE ELEMENTS

ENTHALPY
(KCAL/GF

~94.051
0.030

-94.067
-94.088
-94,121
-94.166
-94.215
-94.267
-94,.318

~94.368
=94,416
-94.466
-94.512
-94,.559

-94.604
-94,647
=94,693
=94.739
-94.785

FREE ENERGY

W)

~94.326
=94, 387
=94, 445
-94, 495
-94.539
=94.577
=94. 609

~94. 636
=94, 657
=94, 675
-94. 688
=94, 700

=94, 710
=94.,713
=94.716
=94.716
-94, 715

LOG K

51.537
41.257
34.401
29,503
25.827
22.966
20.677

18.802
17.239
15.916
14.781
13.798

12.937
12.176
11,500
10.895
10.350

- e e e e o o = = o 4 - = = = " " A

Co2 Ideal gas 298.15° to 2000°K.
TEMPs H =H S -(G -H
T 298 T T 298
DEG K (KCAL) {CAL/DEG-GFW)
298.15 0.000 51.06 51.C6
UNCERTAINTY 0.01 0.01
400 0.958 53,82 51.42
500 1.987 56.11 52.14
600 3.087 58.11 52.97
700 44245 59.90 53.83
800 54453 61,51 54,69
900 6,702 62.98 55453
1000 T.984 64433 56435
1100 9.296 65.58 57.13
1200 10.632 66.74 57.88
1300 11.988 67.83 58.61
1400 13.362 68.85 59,30
1500 14.750 69.80 59.97
1600 16152 T70.71 60,61
1700 17.565 71.57 61.23
1800 18.987 72.38 61.83
1900 20.418 73.15 62.41
2000 21.857 73.89 62.96
MELTING POINT DEG K
HEAT OF FUSION KCAL
H -H 2.2380 KCAL
298 0

TRANSITIONS IN

BOILING POINT
HEAT OF VAPOR

MOLAR VOLUME

REFERENCE STATE ELEMENTS

-

REFERENCES 148

158
58

584. 727

CAL/BAR

- e e e e e o e e D B

COMPILED
5-06-67

—————— -



102

LIME

THERMODYNAMIC PROPERTIES OF MINERALS

GRAM FORMULA WEIGH

T

56.079

A== == =SS =S SSCSSSRSSS SIS ZSSS =SS ISSSSSSSSSSSSESSS=SISSTIITITTZST

Ca0O: Crystals 298.15° to 2000°K.

TEMP. H -H S e L B I A G
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0,000 9.50 9.50 -151.790 -144.352 105.812
UNCERTAINTY 0.50 0.50 0.300 0. 340 0.249
400 1.100 12.67 .9.92 -151.702 ~-141,.821 77.487
5C0 2.230 15.19 10.73 -151.622 -139. 364 60.916
600 3,400 17.32 11.65 -151.555% -136.918 49,872
700 4,600 19.17 12.¢0 -151.509 __ -134.482___ 41,987
800 5.820 20.80 13,52 ZI517523 =13270%% 36.075
900 7.040 22.23 14.41 -151.540 -129.611 31.474
1000 8.270 23,53 15.26 -151.623 -127.171 27.793
1100 9.520 26,72 16.07 151,753 ___-124.724____24.780
1200 10.800 25.84 16.84 -153.657 -122.132 22.243
1300 12.110 26.88 17.56 -153,515 -119. 490 20.088
1400 13.430 27.86 18.27 -153.367 -116.893 18,248
1500 14.760 28.78 18.94 -153.213 ~114,282 16.651
1600 16.100 29.64 19.58 -153,051°  -111.696 15.257
1700 17,440 30.46 20.20 -152.892___ _-109,127 14,029
1800 18.780 31,22 20.79 -189.016 -105.625 12.825
1900 20.130 31.95 21.36 -188.613 -101. 004 11.618
2000 21.480 32,65 21.91 -188,.213 -96.432 10.538
MELTING POINT 2887 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME  0.40067 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUMe.eo ALPHA-BETA 737, M. P. BETA 1123, B. P. 1756 DEG K.

REFERENCES 74

- ————-—

78

65

COMPILED
6-13-66




PROPERTIES AT HIGH TEMP ERATURES 103

PORTLANDITE GRAM FORMULA WE IGHT 74.095

Ca(OH)Z: Crystals 298.15° to 700°K.

_—————— —— - ——— - - - - - -

FORMATION FROM THE ELEMENTS

TEMP. H -H S -(G -H WT -- -— -
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K

DEG K (KCAL) ({CAL/DEG-GF W) (KCAL/GFW)

298.15 0.000  19.93  19.93 -235.610  -214.673 157.359

UNCERTAINTY 0.10 0.10 0.450 0. 460 0.337
400 2.300 26.56  20.81 -235.391  =-207.551  113.400
500 4,720 31.95  22.51 -235,086  -200.626  87.693
600 7.240  36.58 24,51 -234.746  -193.789 70,587
700 9.830  40.54  26.50 -234.401  -186.966  58.373
MELTING POINT DEG K BOILING POINY DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL

H  =H 3.3840 KCAL MOLAR VOLUME  0.79006 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS
CALCIUM. oo ALPHA-BETA 737, M, P. BETA 1123, B. P, 1756 DEG K.

REFERENCES T4 78 54 COMPILED
55 2-12-67

e - - e - - - - -——



104 THERMODYNAMIC PROPERTIES OF MINERALS
CERIANITE GRAM FORMULA WEIGHT 172.119

P e L At

CeOZ: Crystals 298,15° to 1800°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S -{G -H | VA B ————
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 14.89 14.89 -2€0.180 ~-245. 450 179.919
UNCERTAINTY 0.02 0.02 0.350 0. 700 0.513
400 1.580 19.44 15.49 -259.996 -240. 443 131.371
500 3.220 23.10 16.66 -259,780 -235.583 102.973
600 4.940 26,23 18.00 ~259.540 -230.758 84,053
700 6.720 28.97 19.27 -259.308 -225.989 70.557
800 8.540 31.40 20.72 -259.086 -221.236 60.439
900 10.380 33.57 22.04 ~258.910 -2164527 52.580
1000 12.250  35.54  23.29  -258.757 211,823 46.29%
1100 14.140 37.34 24.49 ~260.,556 -207.038 41.134
1200 16.050 39,00 25.62 -260.424 -202.175 36.821
1300 17.980 40.55 26.72 -260,291 -197. 336 33.175
1400 19.930 41.99 27.75 -260,.135 -192.491 30.049
1500 21.900 43.35 28.175 -259.836 -187.674 27.344
1600 23.890 44,63 29.70 -259,523 -182.861 24,978
1700 25,910 45.86 30.62 -259.185 -178, 097 22.896
1800 2T.960 47,03 31.50 -258.824 -173.329 21.045
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR., KCAL
H -H KCAL MCLAR VOLUME 0.57010 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

CERIUM..ccs BETA-GAMMA 1003, M. P. 1077 CEG K.

REFERENCES 84 179 64 COMPILED
4-15-67




PROPERTIES AT HIGH TEMP ERATURES 105

COBALT OXIDE GRAM FORMULA WE IGHT T4.933

e g RS s AR IS ST S S SI RS SIS IRSSIIITTIIT TS SSSITT SIS IIITII TS
CoO: Crystals 298.15° to melting point 2078°K.

FORMATION FROM THE ELEMENTS

TEMP. H =H s I T ¥ 4 B
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KAL) (CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000 12.66 12.66 -£7.100 -51.430 37.699
UNCERTAINTY 0.08 0.08 0.300 0.310 0.227
400 1.290 16.38 13.15 -56.797 -49.544  27.070
500- 2.570 19.24 14.10 -56.537 -47.759 20.875
600 3.860 21.59 15.16 -56.317 -46.024 16,764
700 5.160 23.59 16.22 =56.134_____ —4%. 322 ___13.838
800 6,470 25.34 17.25 ~56.083 <42.630 11.646
900 7.790 26.90 18.24 -55.970 -40.962 9.947
1000 9.120 28.30 19.18 -55.907 -39.306 8,590
1100 10,460 29.58 20.07 -55.904 -37.642 7.479
1200 11.820 30.76 20.91 -55.959 -35.978 6.553
1300 13.210 31.87 21.71 =56.088_____ =36,309_____ 5.168
1400 14.640 32.93 22.47 =56.325 =32,633 5.094
1500 16.100 33,94 23.21 -56.291 -30.950 4.509
1600 17.600 34,91 23.91 -56.159 -29. 268 3.998
1700 19.140 35,84  24.58 -55.968_____ -27.588_____ 3,547
1800 20.730 36.75 25.23 -59.617 ~25.852 3.139
1900 22.360 37.63 25.86 -59.402 -23.967 2.7517
2000 24,020 38.48 26.47 -59.160 -22.099 2.415
MELTING POINT 2078 DEG K BOILING POINT DEG K
HEAT OF FUSION KCaL HEAT CF VAPOR. KCAL
H  -H KCAL MOLAR VOLUME  0.27820 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

COBALT..... ALPHA-BETA 700, CURIE P. 1394, M, P, BETA 1768 DEG K.

................ - . e e e e e - = = = - —

REFERENCES 74 78 18 COMPILED
6-13-66



106

THERMODYNAMIC PROPERTIES OF MINERALS

ESKOLAITE

Sctadc=S3 3= 3sESSS S SIS S S SR TSR S S S S S= IS SSSS S TS SSSITISS=S

Cr203:

GRAM FORMULA WE IGHT

B crystals 298.15° to melting point 2603°K.

151.990

TEMP. -H S -{G -=H
T 298 T T 298
DEG K (KCAL) (CAL/DEG-GF W)
298.15 0.000 19.40 19.40
UNCERTAINTY 0.30 0.30
400 2.740 27.34 20.49
500 5.540 33.59 22.51
600 8.380 38.76 24.79
700 11.280 43,22 27.11
800 14.230 47.16 29.37
900 17.210 50.€7 31.55
1000 20.240 53.86 33.62
11C0 23.320 56,80 35.€0
1200 26.430 59.51 37.48
1300 29.550 62.C0 39,27
1400 32.670 64.31 40.97
1500 35.790 66.47 42.61
1600 38.920 68.48 44.15
1700 42.050 70.38 45.€4
1800 45.180 72.17 47.07
1900 48.320 73.87 48.44
2000 51.460 75.48 49.15
MELTING POINT 2602 OEG K
HEAT OF FUSION KCAL
H ~H KCAL
298 0

FCRMATION FROM THE ELEMENTS

ENTHALPY FREE ENERGY LOG K
(KCAL/GFW)
-272.700 -253.203 185.602
0.400 0. 420 0.308
-272.228 -246.634 134.754
-271.768 -240.288 105.030
-271.377 =-234.024 85.243
-271.018 -227.819 T1.128
~270.689 -221.673 60.558
-270.390 =215.564 52.346
-270.104 -209.488 45.784
-269.855 -203. 443 40.420
-269.665 =197.411 35.953
-2€9.572 -191.403 32.178
=269.566 -185.398 28.942
-269.645 -179.372 26.134
~269.814 -173.333 23.676
=270.075 -167.322 21.511
-270.427 -161.247 19.578
-270.859 -155.185 17.850
-271.361 -149.076 16.290
BOILING POINT DEG K
HEAT OF VAPOR. KCAL

MOLAR VOLUME

TRANSITIONS IN REFERENCE STATE ELEMENTS

CHROMIUM. .o M,

Pe

2130 DEG K.

REFERENCES 74

0.69527 CAL/BAR

COMPILED

6-13-66



PROPERTIES AT HIGH TEMPERATURES 107

TENORITE GRAM
=SS

trcszds S rsES oSS ESSISCSSSSISSSSSRIS=SESs
Cu0: Crystals 298.15° to 1200°K.

FORMATION FROM THE ELEMENTS

‘TEMP, H -H S -(G -H T -~ ———
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) {KCAL/GFW)
298.15 0.000 10.19 10.19 =-37.140 ~30.498 22.355
UNCERTAINTY 0.05 0.C5 0.300 0.310 0.227
400 1.110 13.40 10.62 -36.992 ~28.255 15.438
500 2.260 15.95 11.43 -36.822 ~26.084 11.401
600 3.460 18.14 12.37 -36.630 ~23.955 8.726
700 4,710 20.07 13.34 =36.404 ~-21.862 6.826
800 6.000 21.79 14.29 -36.163 ~19.798 5.408
900 T7.320 23.34 15.21 =-35.920 ~17.762 4.313
1000 8.680 24.77 16.C9 -35.663 ~15.762 3.445
1100 10.120 26.15 16.95 =35.343 ~13.792 2.740
1200 11.600 27.43 17.76 =34.992 ~11.831 2.155
MELTING POINT DEG K BQILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H 1.6970 KCAL MOLAR VOLUME 0.29207 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

COPPEReeese Mo P. 1357 DEG K.

REFERENCES 74 78 15 COMPILED
2-12-67




108 THERMODYNAMIC PROPERTIES OF MINERALS
CUPRITE GRAM FORMULA WEIGHT 143,079
¢-zok=cat==Zg-3TkESTSIZCSSSSCSSIRSSESSSISISISSSIRIBS=ISITSSSs=sSS=SsISSS
Cu20: Crystals 298.15° to melting point 1509°K.
FORMATION FROM THE ELEMENTS
TEMP. H -H S -{6 -H . B ittt bttt
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 22.40 22.40 -40.400 -35.022 25,672
UNCERTAINTY 0.40 0.40 1.500 1.510 1.107
400 1.720 27.36 23.06 =-40.242 ~-33.209 18.145
500 3.470 31.27 244323 ~-40.087 -31. 474 13.757
600 5.280 34.66 25.86 =-39.915 -29.820 10.862
700 7.150 37.54 27.33 =39,704 -28.151 8.789
800 9.050 40.08 28.77 -39.503 -26.514 T.243
900 11.000 42.38 30.16 ~39.300 =-24.904 6.047
1000 13.020 44,50 31.48 -39.073 =-23.321 5.097
1100 15.120 46.50 32.75 -38.793 -21.752 44322
1200 17.320 48.42 33.99 -38.427 -20.210 3.681
MELTING POINT 1509 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H ~H KCAL MOLAR VOLUME 0.56016 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

COPPERecese Me P, 1357 DEG K.

REFERENC

ES 74

78

- = s = e = = =

22

COMPILED
6-13-66




PROPERTIES AT HIGH TEMP ERATURES 109

WUSTITE GRAM FORMULA WEIGHT 68.887

tocadg TS ST ST S SIS I TS S I TS S 2SS R SR 2RSS S S SIS ST ST SIS IS S =SS

Fe 947O: Crystals 298.15° to melting point 1650°K. Liquid 1650°

to 2000°K.
FORMATION FROM THE ELEMENTS
TEMP, H -H s 16 ~H  WT —mmeeee B e S
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG=-GF W) : (KCAL/GFW)

298.15 0.000 13.76 13.76 -63.640 -58.599 42.954
UNCERTAINTY 0.10 0.10 0.200 0.210 0.154
400 1.210 17.24 14.22 -63.393 -56.911 31.095
500 2.440 19.99 15.11 -63.168 -55.318 264,179
600 3.700 22.29 16.13 -62.977 -53,768 19,585
700 . 4.980 24,26 17.15 -62.834 -52.248 164312
800 64280 25.99 18.14 -62.757 ~50. 738 13.861
900 7.590 27.54 19.11 -62.782 -49,235 11.956
1000 8.920 28.94 20,02 62,964 41,721 ___10.429
1100 10.280 30.23 20.89 =63.330_____~46.167_____9.173
1200 11.670 31,44 21,72 -63.472 ~44,611 8.125
1300 13.080 32,57 22.51 -63.267 -43,057 7.238
1400 14.520 33,64 23,27 -63.055 -41,517 6,481
1500 15.980 34,64 23.99 -62.835 ~39.971 5.824
1600 17.460 35,60 24,69 -62.618 ~38, 463 5.254
1650 18,210 36.C6 25,02 -62.511 ~37, 700 4.996
1650 25.700 40,60 25,02 =55.021 <37, 700 4.994
1700 26.510 41,08 25.49 -55.117 -37.171 4,779
1800 28.140 42.02 26.39 -54.869_____-36.131_____4.387
1900 29.770 42.90 27.24 ~58.118 ~34.927 %.018
2000 31.400 43.73 28.03 -57.933 -33,697 3.682
- o 2 e R e e
MELTING POINT 1650 DEG K BOILING POINT DEG K
MEAT OF FUSION 7.490 KCAL HEAT OF VAPOR. KCAL

H ~-H 2,262 KCAL MOLAR VOLUME 0.28776 CAL/BAR
298 0 .

TRANSITIONS IN REFERENCE STATE ELEMENTS

IRONeeseees CURIE P. 1033, ALPHA-GAMMA 1184, GAMMA-DELTA 1665,
" M. P. DELTA 1809 DEG K.

—-——— - - - - - - - - -

REFERENCES 74 18 70 COMPILED
148 148 4-15-67




110 |

THERMODYNAMIC PROPERTIES CF MINERALS

FERROUS OXIDE STOICHIOMETRIC

23S T4 SSESSSRISISRASSTSSSSTRIZSTIISSSS

FeO: Crystals 298.15° to 1650°K.

GRAM FORMUL

A WEIGHT 71.846

Liquid 1650° to 2000°K.

- e " - - = = — >~

FORMATION FR

OM THE ELEMENTS

TEMP, H =-H S -(G -H - ———
T 298 T T 298 §NTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000 14.52 14,52 -£5.,020 -60.101 44,055
UNCERTAINTY 0.40 0440 0.500 0.520 0.381
400 1.240 18.09 14.99 -64.777 -58.458 31.940
500 24497 20.90 15.90 -64,560 -56.,901 24.871
600 3.792 23.26 16.94 ~-64.373 -55.386 20.174
700 5.119 25.30 17.99 -64.225 -53. 906 16.830
800 6475 27.11 19.C2 -64.138 -52.439 14.326
900 T7.857 28.74 20.01 -64.143 -50.971 12.377
1000 9.263 30.22 20.96 -640310_ ____-49.500_ ___10.818
1100 10.692 31.58 21.86 =64.681 __ -47.997_____9.536
1200 12.142 32.84 22.73 -64.825 -46.482 8.466
1300 13.613 34.02 23.55 -64.,602 -44,971 T.560
1400 15.104 35,13 24434 -64.383 -43,472 6.786
1500 16.611 36.17 25.C9 -64.162 -41,982 64117
1600 18.134% 37.15 25.82 -63.947 -40,512 5.534
1650 18.878 37.62 26.18 -63.825 -39, 764 5.267
1650 24.628 41,11 26.18 =58.075_____-39.164 ____5.267
1700 25.006 41.60 26.89 -58.686 -39, 686 5.102
1800 26.636 42.53 27.73 -58.491_____-38.566_____4.683
1900 28.266 43.41 28.53 -61.988 -37.289 4.289
2000 29.896 44425 29.30 -61.858 -35.991 3.933
MELTING POINT 1650 DEG K BOILING POINT DEG K
HEAT OF FUSION 5.750 KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME 0.26681 CAL/BAR
298 O ’

TRANSITIONS IN REFERENCE STATE ELEMENTS

IRONeeeeeas CURIE P.

1033, ALPHA-GAMMA 1184, GAMMA-DELTA 1665,
P. CELTA 1809 DEG K.

REFERENC

ES 148

148

148

COMPILED
4~29-67

,———————




PROPERTIES AT HIGH TEMP ERATURES 111

HEMATITE GRAM FORMULA WEIGHT 159.692
£33 S SRS SIS RS SIS S SRS S S S SE RS SRS S SSSSE S S S S S SS ST SIS SS TSI

Fe,03: @ crystals 298.15° to 950°K. g crystals 950° to 1050°K.

v crystals 1050° to melting point 1895°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S =(6 =H W/T ===mmme
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K  (KCAL) (CAL/DEG-GF ) (KCAL/GFW)
298.15 0.000  20.89  20.89 -197.300  -177.728  130.278
UNCERTAINTY 0.05 0.05 0.300 0.310 0.227
400 2.750  28.80  21.92 -196.906  -171.096  93.482
500 5.770  35.53  23.99 -196.332  -164.701  71.991
600 9.010  41.43  26.41 -195.685  -158.433  57.709
700 12.460  46.74  28.94 -194.982  -152.286  47.546
800  16.130  51.64  31.48 -194.249  -146.241 39,951
900  20.030  56.23  33.97 -193.530  -140.269  34.062
950  22.060 58443 35,21 -193.176  -137.300  31.586
950 22.220  58.60 35,21 -193.016  -137.300  31.586
1000 24.020  60.44 36,42 =193.100  -134.383___ 29.369
1050  25.820  62.20  37.6l -193.870  -131.430  27.356
1100 27.500  63.76  38.76 -193.635 __ -128.480_ ___25.521
1200 30.870  66.69  40.96 ~193,881°  -122.562  22.322
1300  34.250  69.40  43.05 -193.426  -116.660  19.612
1400  37.650  71.92  45.03 -193.002  -110.778  17.293
1500  41.070  74.28  46.90 -192.589  -104.910  15.285
1600 44.540 76.52  48.¢8 192.114 ___ _-99.083 ___13.534
1700  48.100  78.68  50.38 =192.277 =93.262°  11.990
1800  51.880  80.84  52.02 -191.811 -87.435  10.616
MELTING POINT 1895  DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H  -H 3.7189 KCAL MOLAR VOLUME  0.72357 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

IRONeeeeoso CURIE Po 1033, ALPHA-GAMMA 1184, GAMMA-DELTA 1665,
M. P. CELTA 1809 DEG K.

- - - - ——— —— —-——

REFERENCES 74 51 26 COMPILED
148 148 4-15-67




112 THERMODYNAMIC PROPERTIES OF MINERALS

MAGNETITE GRAM FORMULA WEIGHT 231,539
o2 e SIS S R E S S SIS SIS IS 3 S IS S S S S S S IS S S SIS SIS S SIS S SS =S =SS
Fe304: a crystals 298.15° to 900°K. S crystals 900° to melting
point 1870°K.
FORMATION FROM THE ELEMENTS
TEMP. H -H S -{G -H /T =emeeccmccecm e e e
T 298 T T 298 ENTHALPY FREE ENERGY LOG X
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000 36.03 36.03' -2€7.400 -243.094 178.192
UNCERTAINTY 0.10 0.10 0.500 0.510 0.374
400 3.990 47.51 37.53 -266.763 -234,881 128.332
500 8.320 5T7.15 40451 -265.920 -226.991 99,217
600 13.060 65.78 44,01 -264.880 -219. 298 79.879
700 184340 73.91 47.71 -263.526 -211.818 664132
800 24.260 81.80 51.47 -261.812 -204.543 55.878
990 30,550 89,21 55427 -260,090 -197.473 47,953
900 30.550 89.21 55427 -260.090 =197.473 47.953
1000 35.350  94.27  58.92  -260.424____=190.506____41.635
1100 40.150  98.84  62.3¢  =261.,442 __ -183,445____36.447
1200 44.950 103.02 65.56 -261.848 =176.370 32.121
1300 49.750 106.886 68459 -261.222 -169. 294 28,461
1400 54.550 110.42 T1.46 -260.670 -162.258 254330
1500 59.350 113.73 T4.16 -260.162 -155,228 22.617
1600 84.150  116.83  76.74 -259.726____=148.257____ 20,251
1700 68.950 119.74 79.18 -260.200 ~141. 271 18.162
1800 73.750 122.48 81.51 -260.148 ~134. 249 16,300
MELTING POINT 1870 DEG K BOILING PCINT DEG K
HEAT OF FUSION 33.C00 KCAL HEAT OF VAPOR. KCAL
H ~H 5.8730 KCAL MOLAR VOLUME 1.0641 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

IRONesessee CURIE P, 1033, ALPHA-GAMMA 1184, GAMMA-DELTA 1665,
M. P. DELTA 1809 DEG K.

REFERENCES 74 52 70 COMPILED
148 4-15-67

- - - - - - ———— e e e e e - - = = - -




PROP ERTIES AT HIGH TEMPERATURES 113
WATER GRAM FORMULA WEIGHT  18.015
g=3:*:::2==§;=======:==ﬂ================3======33=:=8===8===8======
HZO: Liquid 298.15° to 373.15°K. Ideal gas 373.15° to 2000°K.
FCRMATION FROM THE ELEMENTS
TEMP, H -H S -{G6 -H YT =ememmmccccw—ccocmcnoa m——————
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K {KCAL) (CAL/DEG-GF W) (KCAL/GFHW)
298.15 0,000 16.71 16.71 -68.315 -56.688 41.554
UNCERTAINTY 0.03 0.C3 0.010 0.020 0.015
373.15 1.352 20.76 17.14 ~67.747 ~53.820 31,522
373.15 11.069 46,80 I7.14 -58.030 -53.820 31.522
500 12.173 49.33 24.98 -58.275 =-52.359 22.886
600 13.028 50.89 29.18 -58.498 -51.156 18.633
700 13.909 52425 32.38 -58.708 -49.916 15.585
800 14.819 53446 34.94 -58.903 ~48. 644 13.289
900 15.759 54,57 37.06 -59.082 -47.353 11.499
1000 16.728 55.59 38.86 ~659,244 -46,040 10.062
1100 17.729 56.54 40.42 ~-59,389 ~44.709 8.883
1200 18.759 5T.44 41.81 -59.517 -43,373 7.899
1300 19.817 58.29 43.05 -59.631 -42.028 7.065
1400 20.903 59.09 44,16 -59,731 ~40. 663 6.348
1500 22.014 59.86 45.18 -59.822 -39.302 5.726
1600 23.149 60.59 46.12 -59.903 -37.929 5.181
1700 24.306 61.29 46.99 -59.974 =36.549 4.699
1800 25.483 61.96 47.80 -60.039 =-35,166 4.270
1900 26,679 62.61 48.57 -60.096 -33,788 3.887
2000 27.892 63.23 49.28 -60.148 -32.399 3.540

- -

MELTING POINT

HEAT OF FUSION

———

273.15 DEG K
l1.436 KCAL

KCAL

BOILING POINT
HEAT OF VAPOR.,

MOLAR VOLUME

TRANSITIONS IN REFERENCE STATE ELEMENTS

373.15 DEG K
9.717 KCAL

0.43186 CAL/BAR

-t o o e = 8 A e - " = Y - — > - - —

REFERENCES 74

158

158

COMPILED

S-11-67

- - - - - - = = - -~ - -



114 THERMODYNAMK:PROPERHESOFBMNERALS

STEAM GRAM FORMULA WEIGHT - 18.015
3===2====‘—‘=====:=;==============2===============================BS=
H20: Ideal gas 298.15° to 2000°K.

- - o e P e e = = = = - -

FCRMATION FROM THE ELEMENTS

TEMP. H =H S -{G -H ———
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG~GF %) (KCAL/GFW)
298.15 0.000 45.10 45.10 -57.796 -54.635 40.048
UNCERTAINTY 0.01 0.C1 0.010 0.020 0.015
400 0.825 47.48 45.42 -58.040 -53.517 29,240
500 1.654 49,33 46.C2 -58.275 -52. 360 22.886
600 2.509 50.89 46.71 -58,498 -51,155 18.633
700 3.390 52.25 47.40 -58.708 -49.914 15.584
800 4.300 53.46 48.C9 -58.903 -48. 646 13.289
900 5240 54.57 48.75 ~59.082 -47.351 11.498
1000 6.209 55.59 49.138 -59,244 ~46. 040 10.062
1100 T.210 56.54 49.99 -59.389 ~44.712 8.883
1200 84240 57.44 50.57 -59.517 ~43,372 T.899
1300 9.298 58.29 51.13 -59,631 =42, 022 7.065
1400 10.384 59.09 51.67 -59.731 =40. 663 6.348
1500 11.495 59.86 52.19 -59.822 -39.298 5.726
1600 12.630 60.59 52.70 ~-59.903 -37.927 5.181
1700 13.787 61.29 53.18 -59.974 =36.551 4.699
1800 14.964 61.96 53.65 -60.039 -35.171 4.270
1900 16.160 62.61 54.10 -60.096 -33.788 3.887
2000 17.373 63.23 54.55 -60.148 -32.403 3.541
MELTING POINT DEG K BCILING POINT DEG X
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H ~H 2.3670 KCAL MOLAR VOLUME 584,727 CAL/BAR
298 0
TRANSITIONS IN REFERENCE STATE ELEMENTS
REFERENCES 148 158 158 COMPILED

2-12-67



PROPERTIES AT HIGH TEMP ERATURES 115

HAFNIA GRAM FORMULA WEIGHT 210.489

oSS S ot RESCSSSSCSESOET SIS CSS SIS S 3SR SS S ITRT SSSSTZ=SEI=SS=S

HfO,: Crystals 298.15° to 2000°K.

2
FORMATION FRGM THE ELEMENTS
TEMPs H -H S -(G ~H /T semeeeccm e e v menn e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0,000 14.18 14.18 -266.050 ~252.566 185.135
UNCERTAINTY 0.10 0.10 0.300 0.310 0.227
400 1.540 18,61 14.76 -265.870 -247.985 135.492
500 3.170 22.24 15.90 -265.613 ~243.536 106.449
600 4,900 25.40 17.23 -265.299 -239.157 87.113
700 6.710 28.19 18.60 =264.946 -234.826 73.316
800 8.570 30.67 19.96 ~264.582 =230, 548 62.983
900 10.450 32.88 21.27 -264.231 -226.312 564.956
1000 12.230 34.88 22.65 =-264.012 -222.238 48.570
1100 14.280 36.72 23.74 -263.553 -217.955 43.303
1200 16.230 38.42 24.89 ~263.221 -213.,828 38.943
1300 18.200 40.00 ?26.00 -262.897 -209.731 35.259
1400 20.200 41.48 27.05 -262.5617 -205.647 32.103
1500 22,220 42.87 28.06 ~262.243 -201.586 29.371
1600 24,260 44.19 29.03 -261.923 ~197. 565 26.986
1700 26.320 45.44 29.96 -261.607 -193.558 24.883
1800 28.400 46.63 30.85 -261.295 -189, 552 23.015
19cCo 30.500 47.76 31.71 -260.988 -185.575 21346
20C0 32.620 48.85 32.54 -260.684 -181. 620 19.846
MELTING POINT 3172 DEG K BOILING POINT DEG K
HFAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME 0.49768 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

HAFNIUMsoeo ALPHA-BETA 2013 DEG K.

REFERENCES 74 78 22 COMPILED
6-13-66

- 2 e e e 2 e o = - = -~ — " - - -



116 THERMODYNAMIC PROPERTIES OF MINE

RALS

MCNTROYDITE GRAM FORMULA WE IGHT 216.589

[ T L ey e e et s LT Tt

HgO: Crystals 298-.15° to 1000°K.

——— - o e o e e e e e > o >

FORMATION FROM THE ELEHENTS

TEMP. H -H S -{G -H /T ==ememe=e e me—va—- ——ecmwan
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298, 15 0.000 16.80 16,20 -21.711 -13.998 10.261
UNCERTAINTY 0.08 0.C8 0.090 0.100 0,073
400 1.126 20.C4 17.23 ~21.620 -11.375 6.215
500 2.323 22.71 18.C6 ~21.440 -8.832 3.860
600  3.567  25.01  19.03  _=21,203 -6.333 2,307
700 4,905 27.04 20,04 ~34.949 -2+ 305 0.720
800 6,263 28.86 21.03 ~34,.487 2327 ~0.636
900 T.652 30.49 21.99 -34,001 6,901 -1.676
1000 9,063 31.98 22.91 ~33.500 11.418 -2.496
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT QOF VAPOR. KCAL
H -H 2.1780 KCAL MOLAR VOLUME 0.46176 CAL/BAR

298 0
TRANSITIONS IN REFERENCE STATE ELEMENTS

MERCURYeeee Be P. 629.73 DEG K.

- - - s o o o

REFERENCES 74 78 22

COMPILED
4-10-67




PROPERTIES AT HIGH TEMP ERATURES 117

POTASSIUM OXIDE GRAM FORMULA WE IGHT 94.203
2::=$===:=====$======:===========2================ SIS TIS=S=S=E=T
K20: Crystals 298.15° to 2000°K. K,0 decomposes above 1154°K and
tabulated data are a metastable extrapolation.
FCRMATION FROM THE ELEMENTS
TEMP. H =H S -(6 -H M/ T eeemccemmesos s emcom o
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)

298.15 0.000 22.50 22.50 -86.800 =76.974 564423
UNCERTAINTY 1.50 1.50 0.500 0.680 0.498
400 2.148 28.68 23.31 -87.668 ~73. 441 40.126
500 4.367 33.63 24.90 -87.300 -69.926 30.565
600 64657 37.81 26.71 =-86.840 664491 24,219
700 9.033 4l.47 28456 -86.285 -63.141 19.714
800 11.504 44.76 30.38 -85.637 -59.880 16.358
900 14.071 47.79 32.15 ~84.901 -56.703 13.769
1000 16.735 50459 33.86 -84.092 -53.614 = 11.717
1100 19.496 53.22 35.50 -121.025 ~48.560 9.648
1200 22.354 55.71 37.C8 -119.585 -42.033 7.655
1300 25.309 58.07 38.61 -118.052 -35.634 5.991
1400 28.360 60.33 40.08 -116.427 -29.352 4.582
1500 31.508 62.51 41.50 -114.709 -23.,193 3.379
1600 34,754 64.60 42,88 ~112.895 ~-17.150 2.343
1700 38.097 66463 44,22 -110.989 -11.226 1.443
1800 41.358 68.59 45,62 -109.169 -5.593 0.679
1900 45.076 70.51 46.78 ~1C6.898 0.283 -0.033
2000 48.712 72.37 48,02 -104.712 5. 869 ~0.641
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME  0.96511 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

POTASSIUM,. M. P, 336.4, Be P. 1043.7 DEG K.

e

- s = > S >~ A -~ " = o =

REFERENCES 148 148 148 COMPILED

2-12-67

-
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GRAM FORMULA WEIGHT

118
ITHIUM OXIDE
t=zc=x==z=&k=xg
Li20~ Crystals 298.15° to 1200°K.

THERMODYNAMIC PROPERTIES OF MINERALS

29.877

FORMATION FROM THE ELEMENTS

TEMP., H -H S -{G ~-H /T ~emrecrcccccccce— - el
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG~GFW) (KCAL/GFW)
298+15 0,000 8.98 8.98 -143,100 -134,.329 98.466
UNCERTAINTY 0.02 0.02 04500 0.510 0.374
400 1.445  13.13  9.52  =-143.281 __ -131,300 ___71.739
S00 3,045 16.70 10.61 -144.882 -128.143 56,011
600 4,765 19.83 11.89 -144.966 -124,783 45,452
700 6.580 22.62 13,22 -144.940 -121.417 37.908
800 8,470 25.15 14.56 ~144.833 -118.069 32.255
900 10.430 2T.46 15.87 -144.662 -114.735 27.861
1000 12.460 29.59 17.13 -144,425 -111. 413 244349
1100 14,540 31.58 18.36 -144,141 -108. 134 21.484
1200 16.560 33.42 19.54 -143,821 -104.,871 19.100
MELTING POINT 1700 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPQOR. KCAL
H -H 2.7250 KCAL MOLAR VOLUME 0.,35277 CAL/BAR
298 O
TRANSITIONS IN REFERENCE STATE ELEMENTS

LITHIUM.... M. P. 453.69, B.

P. 1597 DEG K.

REFERENCES 148 148

148

COMPILED
4-10-67




PERICLA

SE

PROPERTIES AT HIGH TEMP ERATURES

GRAM FORMULA WE IGHT

119

40.311

== d S oE S S SESS XSS SIS S S S S SS TS S 2SS SR SRS I T SSSRSTSESSISS=SS=S

MgO: Crystals 298.15° to 2000°K.

FCRMATION FROM THE ELEMENTS

LOG K

99.755
0.081

72.913
57.203
46.731
39,256
33.653

25.772
22.878

20.469
18,424

16.549
14,719

13.121
11.716
10.469
9.356
8.355

KCAL

TEMP. H -H s “(G =H )T —mmmmmmmm e
T 298 T T 298 ENTHALPY  FREE ENERGY
DEG K (KCAL) {CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 6.44 6,44 -143,800 -136.087
UNCERTAINTY 0.04 0.C4 0.100 0.110
400 0.980 9.26 6.81 -143.803 -133.449
500 2.036 11.61 7.54 -143.751 -130. 869
600 3,148 13.64 8.39 -143.683 -128.294
700 4.297 15.41 9.27 -143.617  -125.734
800 5.474 16.98 10.14 -143.561 -123.187
900 6.673 18.19 10.98 =1432520____=120.638___
1000 7.891 19.67 11.78 -145.632 “117.924
1100 9.123 20.85 12.56 -145.600 -115.149
1200 10.368 21.93 13.29 -145.559 -112.393
1300 11.620 22.91 13.97 -145.515____-109.592___
1400 12.870 23.84 1465 ~175.822 ~106.008
1500 144140 24,71 15.28 -175.485 -101.024
1600 15.420 25.53 15.89 -175.140 -96. 062
1700 16.700 26,31 16.49 ~174.798 -91,136
1800 17.980 27.04 17.05 ~174.460 -86.221
1900 19.270 27.74 17.€0 -174.114 -81.335
2000 20.560 28.40 18.12 -173.771 -76.458
MELTING POINT 3125  DEG K BOILING POINT
HEAT OF FUSION KCAL HEAT OF VAPOR.
M -H 1.2346 KCAL MOLAR VOLUME  0.26883 CAL/BAR
298 0

TRANSITIONS IN REFERENCE

MAGNESIUM.. M. P, 922, B.

- o = > s = 0 = e e

REFERENC

- -

ES 157

-—————-

STATE ELEMENTS

P. 1363 DEG K.

COMPILED
4=-29-67



120 THERMODYNAMIC PROPERTIES OF MINERALS

BRUCITE GRAM FORMULA WEIGHT 58.327
EE e e e L g e e e
Mg(OH)Z: Crystals 298.15° to 600°K. At approximately 540°K the
partial pressure of H,0 in equilibrium with brucite
reaches one atmosphere.

- ——

FORMATION FROM THE ELEMENTS

TEMP. H -H S -{G -H V/T —mmmmoeee
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000 15.C9 15.C9 ~221.200 -199.458 146,206
UNCERTAINTY 0.C3 0.C3 0.780 0.790 0.579
400 1.890 20.53 15.80 ~221.362 -192.002 104.905
500 3.890 24.99 17.21 ~221.431 -184.656 80.713
600 6.080 28.98 18.85 ~221.362 -177.303 64.582
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H 2.7250 KCAL MOLAR VOLUME 0.58867 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

MAGNESIUM.. M. P, 922, B. P. 1363 DEG K.

REFERENCES #4 78 150 COMPILED
63 4-29-617

- o = = = = = - - " " o " - - - -



PROPERTIES AT HIGH TEMP ERATURES 121

- MANGANOSITE GRAM FORMULA WEIGHT 70.937

== dz ST T RS E IS F SIS S SIS SN I TSN S S S 3 S S S IS S ST SIS SSSSSSSSITSTITISS

MnO: Crystals 298.15° to melting point 2054°K.

- - = = e -

FORMATION FRCOM THE ELEMENTS

TEMP. H ~H s =(6 =H  )/T —-emmsmc—emec oo —memeee oo
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GF W)
298.15 0,000 14,27 14427 -92.050 -86.720 63.567
UNCERTAINTY 0.10 0.10 0.110 0.120 0.088
400 1.130 17.53 14.70 -91.972 -84.911 464393
500 2.280 20.09 15.53 -91.882 -83.154 36.346
600 3.470 22.26 16.48 -91.875 -81. 486 29.681
700 4.680 24,13 17.44 -91.759 -79.695 264,882
800 5.900 25.76 18.38 -91.758 -77.977 21.302
900 7.150 27,23 19.29 z9l.170_____ 216.249 ___18.51¢6
1000 8.430 28.58 20.15 -92.318 -74.526 16.288
1100 9.750 29.83 20.97 -92.323 -72.730 14.450
1200 11.100 31.01 21.76 -92.302 -70.965 12.925
1300 12,470 32.10 22,51 -92.280_ _ -69.175 11,629
1400 13.840 33.12 23.23 -92.847 " =87.331°"""10.520
1500 15.210 34.07 23.93 <93.473 7" -65.552_ " 9,551
1600 16.590 34,96 24.59 -97.131 -63.392 8.659
1700 17.950 35.79 25.23 -97.312 -61.282 7.878
1800 19.350 36458 25.83 -97.457 -59.138 7.180
1900 20.740 37.33 26.41 -97.614 -57.011 6.558
2000 22.130 38.05 26.98 -97.774 -54. 873 5.996
MELTING POINT 2054 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H  -H KCAL MOLAR VOLUME  0.31599 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

MANGANESE.. ALPHA-BETA 990, BETA-GAMMA 1360, GAMMA-DELTA 1410,
M., P. DELTA 1517 DEG K.

T T o T e T ——— - _————- -

REFERENCES 74 78 22 COMPILED
6-13-66
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122 THERMODYNAMIC PROPERTIES OF MINERALS

PYROLUSITE GRAM FORMULA WE IGHT 86.937

Ex =S TS S ST eSS S S S S S S S T TS S S S S S S S IS S SRS S SSSIISITTIZISSSTTIISSST

MnO,: Crystals 298.15° to 900°K.

2
S —— - e e
FORMATION FROM THE ELEMENTS
TEMP. H -H S =6 ~H /T mmemmmm e
T 298 T T 258 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 12.68 12,68 =124.,450 -111.342 81.615
UNCERTAINTY 0.10 0.10 0.200 0.210 0.154
400 1.445 16.84 13.23 -124.419  -106. 866 58,389
500 3,020  20.35 14.31 -124.270  -102.493  44.800
600 4.685 23.38 15.57 -124.165 ~98. 221 35.777
700 6.415 26.04 16,88 -123.918 -93.840  29.298
800 8.185 28.41 18.18 -123.766 ~89.564  24.468
900 9.990 30.56  19.46 -123.630 -85.315  20.717
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H  -H KCAL MOLAR VOLUME  0.39699 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

MANGANESE.. ALPHA-BETA 990, BETA-GAMMA 1360, GAMMA-DELTA 1410,
M. P, CELTA 1517 DEG K.

REFERENCES 74 18 22 COMPILED
6-13-66
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PROPERTIES AT HIGH TEMP ERATURES 123

BIXBYITE GRAM FORMULA WE IGHT 157.874

.===,=======:.=ﬂ====;==='—"===============:===3=======================
Mn,04: Crystals 298.15° to 1300°K.

FORMATION FROM THE ELEMENTS

TEMP, H -H S -{G -H T -- -
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0,000 26.40 26440 -228.700 -210. 097 154,005
UNCERTAINTY 0.50 0.50 0,500 0., 530 0.388
400 2.550 33,73 27,35 -228.616 -203. 746 111.321
500 5.220 39.68 29.24 -228.432 -197.547 86.347
600 8,040 44.82 31.42 -228.355 -191. 530 69.765
700 10.990 49.37 33,67 -227.982 -185,280 57.847
8C0 14.040 53.44 35.89 -227.769 -179.201 48,955
900  17.190  57.15  38.05  =227.550 __ -173,138___ 42.043
1000 20.420 60.55 40,13 -2284.390 -167. 104 36.521
1100 23.740 63.71 42.13 -228.139 ~-160.968 31.981
1200 27.150 66.68 44.05 -227.811 -154, 897 28,211
1300 30.650 69.48 45.90 -227.436 -148,825 25,020
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME 0.74976 CAL/BAR
298 O

TRANSITIONS IN REFERENCE STATE ELEMENTS

MANGANESE.. ALPHA-BETA 990, BETA-GAMMA 1360, GAMMA-DELTA 1410,
M. P. DELTA 1517 DEG K.

REFERENCES 74 78 118 COMPILED
22 6-13-66




124 THERMODYNAMIC PROPERTIES OF MINERALS

HAUSMANNITE GRAM FORMULA WEIGHT 228.812

Mn3o4: Tetragonal crystals 298.15° to 1445°K., Cubic crystals

1445° to 1800°K.

FORMATION FROM THE ELEMENTS

TEMP, H -H S -(G -H | VAR ——— ———— -
T 298 T T 268 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298.15 0,000 36.80 36.80 -331.400 -306.313 2244533
UNCERTAINTY 1.00 1.00 0.400 0.500 0.367
400 3,730 47,55 38,22 -331.188 -297.774 162.695
500 7.590 56.16 40,98 -330,.875 -289.456 126.521
600 11.590 63.45 44,13 -330.800 -281.408 102.503
700 15.740 69.84 47,35 -330.321 -272.992 85.232
800 19.980 75.50 50452 -330,137 -264.828 724347
900  24.250  A0.53  53.59  =330.060_ __ =256.66l_ ___ 62,326
1000 28,570 85.08' 56451 -331.639 -248.511 54,312
1100 33,020 89.32 59.30 -331.582 -240.176 47.719
1200 37.650 93,35 61.97 -331.363 -231.905 42.235
1300  42.510  97.23  64.53  =330,977___ -223.605____37.591
1400 47.620 101.02 67.01 -332.110 -215.330 33.614
1445 49.960 102.67 68.10 -332.240 -211. 560 31.997
1445 54.930 106,11 68.10 -327.270 -211.560 31.997
1500  57.690 107.98  69.52  =328.462____-207.118____30.177
1600 62.710 111.22 72.03 -338.996 -198. 151 27.066
1700 67.730 114.26 T4e42 -339,040 -189. 324 24.339
1800 72.750 117.14 T76.72 -329,.098 -180. 529 21.919
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR, KCAL
H -H KCAL MOLAR VOLUME 1.1221 CAL/BAR
298 O

TRANSITIONS IN REFERENCE STATE ELEMENTS

MANGANESE.. ALPHA-BETA 990, BETA-GAMMA 1360, GAMMA-DELTA 1410,
M. P, DELTA 1517 DEG K.

REFERENCES 74 118 22 COMPILED
6-13-66




PROPERTIES AT HIGH TEMP ERATURES 125

MOLYBDITE GRAM FORMULA WEIGHT 143.938
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M003: Crystals 298.15° to melting point 1074°K. Liquid 1074° to

1400°K.
FORMATION FROM THE ELEMENTS
TEMP. H =-H S =(G6 ~H M/T —emmmmeem e mm e e e e
T 298 T T 268 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG~GFW) (KCAR/GFW)

298.15 0.000 18.58 18.58 ~178.160 -159. 745 117.096
UNCERTAINTY 0.10 0.10 0.100 0.110 0,081
400 1.920 24411 19.31 ~-177.924 -153. 490 B83.863
500 3.970 28.68 20.74 -177.577 ~147.417 64,436
600 6.130 32.61 22.39 -177.173 -141.422 51.513
700 8.380 36.08 24.11 -176.724 -135.499 42.304
800" 10.720 39.20 25.80 -176.223 -129.639 35.416
900 13.150 42.06 27.45 -175.666 -123.855 30.076
1000 15.670 44.72 29.C5 -175.052 -118.127 25.816
1074 17.590 46.57 30.19° -174,554 -113.938 23.185
1074 29,280 57.45 30.19 -162.864 -113.938 23.185
1100 30.070 58.18 30.84 -162.591 -112. 756 22.402
1200 33.090 60.81 33,23 ~161.543 -108.273 19.719
1300 36.110 63,23 35.45 -1€0.524 -103.883 17.464
1400 39.130 65.47 37.52 -159.535 -99.559 15.542
MELTING POINT 1074 DEG K BOILING POINT DEG K
HEAT OF FUSION 11.690 KCAL HEAT OF VAPOR. KCAL
H ~-H KCAL MOLAR VOLUME 0. 73040 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

MOLYBOENUM. M. P. 2890 DEG K.

- - - - - - -—- -

REFERENCES 74 18 103 COMPILED
12-10-66

- - ————————————— ——— ——————-




126 THERMODYNAMIC PROPERTIES OF MINERALS

NITROGEN DIOXIODE (ICEAL GAS) GRAM FORMULA WEIGHT 46.005

k=g ST EE TSRS SEEZ I SSTS IS SSEIISSSSSS I I =T SSSTSI ST SIS ====T===

NO,: Ideal gas 298.15° to 2000°K.

: FORMATION FROM THE ELEMENTS
S =(G ~H /T mmmmmmmmm oo ee

TEMP., H ~-H
T 298 T T 298 ENTHALPY FREE E£NERGY LOG K
DEG K (KCAL) (CAL/DEG-GFH) (KCAL/GFW)
298.15 0.000 57.35 57.35 7.930 12.262 -8.989
UNCERTAINTY 0.02 0.C2 0.100 0.110 0.081
400 04944 60.07 57.71 7.795 13.765 =7.521
500 1.948 62.30 58.41 T.716 15.267 -6.673
600 3.021 64.26 59.22 7.678 16.782 -6.113
700 4,151 66.C0 60.07 T.666 18.300 -5.714
800 5.327 6TF.57 60.91 T.673 19.819 =5.414
900 6.539 69.00 61.73 T7.691 21.336 -5.181
1000 7.780 70.30 62452 7.718 22.852 -4.994
1100 9.043 T71.51 63.29 T.748 24.363 -4.840
1200 10.324 72.62 64.02 7.781 25.872 “4.712
1300 11.620 73.66 64,72 7.814 27.378 -4.603
1400 12.929 T4.63 65.29 7.849 28,881 -4.509
1500 14,247 75.54 66.C4 7.881 30. 383 =4.427
1600 15.573 76.39 66.66 7.912 31.882 -4.355
1700 16.907 77.20 67.26 T.943 33,379 ~4.291
1800 18.247 17.97 67.83 T.969 34.876 -4.235
1900 19.591 78.70 68.28 7.992 36.370 -4.184
2000 20.940 79.39 68.92 8.012 37.862 -4.137
hELTING POINT 261.90 DEG K BOILING POINT 294.25 DEG K
HEAT OF FUSION 3.502 KCAL HEAT OF VAPOR. 9.110 KCAL
H ~H 2.4370 KCAL MCLAR VOLUME 584.727 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 148

- - = = = o o o o e

158 158 COMPILED
2-12-67
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PROP ERTIES AT HIGH TEMP ERATURES 127

SODIUM OXIDE GRAM FORMULA WEIGHT 61.979
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Na,0: Crystals 298.15° to melting point 1190°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S =6 -H MT --
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K  (KCAL) (CAL/DEG-GF ) (KCAL/GFW)
298.15 0,000  17.99  17.99 ~99.400 -90.161  66.090
UNCERTAINTY 0.20 0.20 _leso0 - 1.510 1.107
400 1.789 23.26 18.79 -100.685 -86.950 47.507
500 3.683  27.48  20.11 -100.638 -83.517 36,505
600 5.676  31.11  21.65 ~100.465 -80.106  29.179
700 7.768  34.33  23.23 -100.174 -76.735  23.958
800 9.959  37.26  24.81 ~99.772 -73.416  20.056
900  12.247  39.95  26.34 ~99.271 -70.147  17.034
1000 14,636 42.47 27.83 ~98.675 -66.945 14,631
1100 17.122  44.86  29.27 ~98.001 -63.809  12.678
MELTING POINT 1193  DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME CAL/BAR
298 0

TRANSIFIONS IN REFERENCE STATE ELEMENTS
SODIUMaseee Mo P. 370.98, B. P. 1176.9 DEG K.

& o -

REFERENCES 148 50 22 COMPILED
6-13-66




128 THERMODYNAMIC PROPERTIES OF MINERALS

BUNSENITE GRAM FORMULA WE IGHT T4.709

TStz E RSB IS IS SIS IS S SIS S S IS SIS IS SIS ST XIIRS SSITTI=T I

NiO: Crystals 298.15° to melting point 2257°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S =16 -H /T --
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) {CAL/DEG-GFH) (KCAL/GF W)
298415 0.000 9.08 9.08 -57.300 -50.574  37.072
UNCERTAINTY 0.04 0.04 0.100 0.110 0.081
400 1.165  12.43 9.52 -57.163 -48.294  26.387
500 2.535  15.47  10.40 -56.865 -46,102  20.151
600 3.940 18,05 11.48 560620 ____-43.98 ___16.022
700 5,220  20.02 12.56 256,519 ~%1.879 13,075
800 6.500  21.73  13.60 -56.378 -39,797  10.872
900 7.780  23.24  14.60 -56,259 -37.732 9.162
1000 9.070  24.60 15.53 -56.158 - ~35,677 7.797
1100 10.370  25.84  16.41 ~56.077 -33.635 6.683
1200 11.700  26.99  17.24 -55.993 -31. 584 5.752
1300  13.060  28.08  18.03 -55,905 -29.563 4.970
1400 14,450  29.11 18.79 -55,806 -27.536 4.298
1500  15.860  30.08  19.51 -55.697 -25.511 3.717
1600  17.300  31.01  20.20 -55.560 -23.501 3,210
1700  18.770  31.90  20.86 ~55.396_____-21.508__ ___2.765
1800  20.260  32.76  21.50 ~59,513 ~19.340 2.348
1900  21.T70 33,57 22,11 -59,480 -17.110 1.968
2000  23.300  34.36  22.71 -59.430 -14.889 1.627
MELTING POINT 2257  DEG K BOILING POINT DEG X
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H =M KCAL MOLAR VOLUME  0.26219 CAL/BAR
298 ©

TRANSITIONS IN REFERENCE STATE ELEMENTS
NICKELW.... CURIE P. 6315, M. P. 1726 DEG K.

- -

REFERENCES 74 78 18 COMPILED
6-13-66




PROPERTIES AT HIGH TEMPERATURES 129

PHOSPHORUS PENTOXIDE

E===g==sEz=zz=azIT=S

(DIME RIC) GRAM FORMULA WEIGHT 283.889
SIZF=TI=I===T
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(P205)2:Crystals 298.15° to 1000°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S -{6 =H /T --
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG~GF W) (KCAL/GFW)
298.15 0,000 54,70 54,70 -713,200 -649,968 476,438
UNCERTAINTY 0.10 0.10 0.400 0.410 0.301
400 5.991 71.89 56,91 -712.997 -628.369 343,324
500 13,131 87.77 61.51 -711.796 -607.331  265.463
600 21.431 102.87 67.16 -709.675 -586.625 213.677
700 30.845 117.36 73.30 -706,683 __ -566.341___176.819
800 41.334 131,35 79.69 784,516 -567.790 155.113
900 52.856 144,91 86419 ~778.808 -541,030 131,380
1000 65,372  158.09 92.72 -772.183 -514.955 112.543
MELTING POINT 842 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H 8.258 KCAL MOLAR VOLUME  2.8393 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS
PHOSPHORUS. SUBLIMES 704 DEG K.

REFEﬁENCES 148 158 158 COMPILED
2-12-67

- e > - -




130 THERMODYNAMIC PROPERTIES OF MINERALS

LITHARGE (RED) GRAM FORMULA WEIGHT 223.189
h:h;t:::t:g:::::h::::============:===========s:==a=======:=========
PbO: Tetragonal crystals 298.15° to 900°K. Massicot (orthorhombic)

is the stable phase above 762°K. See table for lead
monoxide (reference state).

- - - ——————

FORMATION FROM THE ELEMENTS

TEMP. H -H s -(6 -H /T --
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000 15.60 15.60 -52.410 -45.121 33.074
UNCERTAINTY 0.20 0.20 0.160 0.180 0.132
400 1.220 19.12 16.07 -52.207 -42.662 23.310
500 2.460 21.88 16.96 -51.997 -40,299 17.615
600 3.740 24,22 17.99 -51.788  -37.985 __ 13.836
700 5.060 26.25 19.02 52,730 TIABIB07 117983
800 6.420 28.06 20.03 -52.493 -33,056 9.030
900 7.820 29.71 21.02 -52.212 -30. 643 7.441
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME  0.57146 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

LEADececeee Me Pe 600.6, B, P, 2023 DEG K.

REFERENCES 74 78 22 COMPILED
159 148 5-18-67




PROPERTIES AT HIGH TEMPERATURES 131
MASSICOT (YELLOW) GRAM FORMULA WEIGHT 223.189
’22:‘:2:::==:=:=8======q?========’==3================= =sS===xTSITIIS=S

PbO: Orthorhombic crystals 298.15° to 2000°K. See table for lead

monoxide (reference state).

e ot e e e e e e P e e = - - - - - - - - - - - - - - - -

FORMATION FROM THE ELEMENTS

TEMP., H -H S “(6 =H }/T evemmercm e e
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 16.10 16.10 -52,180 -45, 040 33,015
UNCERTAINTY 0.20 0.20 0.170 0.190 0.139
400 1.152 19.42 16.54 -52.045 -42,620 23.286
500 2.339 22.07 17.39 -51.888 -40, 283 17.608
600 3,568 24.30 18.26 -51.730__ -37.978___ 13,833
700 4.832 26.25 19.35 =%52.728 2357507 11086
800 6.128 27.98 20.32 -52,.555 -33,056 9.031
900 7.453 29.54 21.26 -52.349 -30. 629 7.438
1000 8.809 30.97 22.16 -52,112 -28.233 6.170
1100 10.194 32.29 23.02 -51.846 -25. 865 5.139
1200 11.607 33,52 23.85 -51,547 -23.504 4,281
1300 13.049 34,67 24,64 -51.220 -21.192 3.563
1400 14.518 35.76 25.29 -50,867 -18. 892 2.949
1500 16.015 36.80 26412 -50.,490 -16.624 2.422
1600 17.540 37.78 26.82 -50.087 -14.396 1.966
1760 19.092 38,72 27.49 -49,660 -12.153 1.562
1800 20.672 39.62 28414 -49,209 -9,961 1.209
1900 22.2719 40.49 28.77 -48,733 -7.793 0.896
2000 23.914 41,33 29,27 -48,232 -5.655 0.618
MELTING POINT 117€ DEG K BOILING POINT 1789 DEG K
HEAT OF FUSION 6.100 KCAL HEAT OF VAPOR. 49.530 KCAL
H -H KCAL MCLAR VOLUME  0.55330 CAL/BAR’
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

LEADecesses Mo P. £C0.6, Be Pe 2023 CEG K.

REFERENCES 148 78 22 COMPILED
159 148 5-18-67




132 THERMODYNAMIC PROPERTIES OF MINERALS

LEAD MONOXIDE (REFERENCE STATE) GRAM FORMULA WEIGHT 223,189

2SI S eSS RS IR IS E AT SIS SRS ST ISR T T IS IS SIS SSSES S SS S 2SS ISR

PbO: Litharge (red) 298.15° to 762°K. Massicot (yellow) 762° to
1170°K. Liquid 1170° to 1789°K. Ideal gas 1789° to 2000°K.

- . - - -——

FORMATION FROM THE ELEMENTS

TEMP. H -H S =16 -H MT =-emem-
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298,15 0.000  15.60  15.€0 ~52.410 -45.121  33.074
UNCERTAINTY 0.20 0.20 0.160 0.180 0.132
400 1.220  19.12  16.07 52,207 -42.662  23.310
500 2,460  21.88  16.96 -51.997 -40.299  17.615
600 3.740 24,22 17.99 -51.788 -37,985___ 13.836
700 5.060 26,25  19.02 =52.730 2350507 T11.086
762 5.898  27.40 _ 19.66 ~52.597 33,906 9.724
762 5.978  27.50  19.66 =52.517 =33.906 9.724
800 6.474  28.04  19.95 -52.439 -32.986 9.011
900 7.799  29.60  20.93 -52.233 -30.565 7.422
1000 9.155  31.03  21.87 -51.996 -28.174 6.157
1100 10.540  32.35  22.77 -51.730 -25.811 5.128
1170 11,180  33.16 23,60 = -51,523 = -24,144 = 4,510
1170 17.280  38.37  23.60 45,423 ~24, 144 4.510
1200 18,092  38.82  23.75 ~45.292 -23.611 4.300
1300  19.645  40.07  24.95 ~44.854 -21.835 3.671
1400 21.119  41.22  26.13 ~44.496 -20.155 3.146
1500  22.752  42.29  27.12 ~43.983 -18.356 2.674
1600 24,306  43.29  28.10 -43.551 ~16.680 2.278
1700  25.859  44.23  29.02 -43.123 -14.988 1.927
1789 27.242 45,03 29.80 42,745 -13. 527 1.652
1789 76.772  72.71  29.80 6.785 -13.527 1.652
1800  76.87L  72.77  30.06 6.760 -13.651 1.657
1900  77.774  73.26  32.32 6.531 -14.778 1.700
2000  78.678  73.72  34.38 6.301 -15.897 1.737
MELTING POINT 1170  DEG K BOILING POINT 1789  DEG K
HEAT OF FUSION 6.100 KCAL HEAT OF VAPOR. 49.530 KCAL
H  -H KCAL MOLAR VOLUME  0.57146 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

LEADeceseee Mo P, 6006, Bse P. 2023 DEG K.

REFERENCES 74 78 22 COMPILED
159 148 5=17-67




PROPERTIES AT HIGH TEMP ERATURES 133

MINIUM GRAM FORMULA WEIGHT 685.568

EE R L e P P L LR L TR £ L T

Pb304: Crystals 298.15° to 2000°K.

FORMATION FROM THE ELEMENTS

TEMP. H =-H S -{G -H VA B ——— ——
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000 50.50 50.50 -171.700 -143.632 105.284
UNCERTAINTY 1.50 1.50 2.000 2.060 1.510
400 3.618 60.93 51.89 -171.495 -134.075 73.255
500 7.249 69.03 54,53 -171.321 -124. 744 $4.525
600 10.958 75479 57.53 =171.201  -115.445_ 42,051
700 14,745 81.63 60,56 =174.%89 =10%°38% 32°98%
800 18.610 86.79 63.53 -174.492 ~-95.726 26.151
900 22.553 91.43 66.37 -174.313 ~85.886 20.856
1000 26.574 95,67 69.09 ~174.064 ~76.084 16.628
1100 30.673 99.57 71.69 -173.740 ~66.323 13.177
1200 34,850 103,21 T4.17 -173.329 ~56. 540 10.297
1300 39,105 106.61 76.53 -172.849 ~46.866 7.879
1400 43,438 109,82 78.80 -172.296 ~37.182 5.804
1500 4T7.849 112,87 80.97 -171.679 ~27.561 4.016
1600 524339 115.76 83.05 -170.995 ~18.029 2.463
1700 564905 118453 85.06 -170.245 -8.6414 1.082
1800 61.550 121.19 86.99 -169.430 1.077 ~0.131
1900 66.273  123.74 88.86 -168.549 10.528 -1.211
2000 71,074 126420 90,67 -167.600 19.922 -2.177
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H  -H KCAL MOLAR VOLUME  1.8358 CAL/BAR
298 O

TRANSITIONS IN REFERENCE STATE ELEMENTS

LEADececses M P. 600.6, B. P. 2023 DEG K.

e ———— e mcaec—e---—--- - —— - -

REFERENCES 148 78 159 COMPILED
159 4=-15-67




134 THERMODYNAMIC PROPERTIES OF MINERALS

SULFUR DIOXIDE

GRAM FORMULA WEIGHT  64.063

Ex st S S SIS S S C IS S T SRS S S S S SS S =SS =SS SSS=SSSSSIISSE=SSS

50,: Ideal gas 298.15° to 2000°K.

TEMP. H =H
T 298
DEG K (KCAL)

(CAL/DEG~GFW)

298.15 0,000

UNCERTAINTY
400 1.015
500 2.090
600 3.240
700 4.440
800 5.675
900 6+940

1000 8.230

1100 9.545

1200 10.875
1300 12.215
1400 13.565
1500 14.925

1600 16.290
1700 17.660
1800 19.035
1900 20,415
2000 21.800

(KCAL/GFW)

~-71.750 52.594
0. 060 0.044

-71.959 39.316
-71.941 31.445
~71.809 26.156
-71.610 22.358

=86.584 7T T=72.5797 777198328

-70. 865 17.208
-69.081 15.098

-67.334 13.378
-65.594 11.946
-63.851 10.734

-62.115 9.697
~60.476 8.811
-58. 653 8.012
~56.924 7.318
-55.152 6.696
=53.471 6.151
-51. 748 5.655

MELTING POINT
HEAT OF FUSION

H -H
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SULFURsesee ORTHO-MONO 368.54,
Pe 717.75 DEG K.

197.64 DEG K BOILING POINT

2.5220 KCAL

REFERENCES 148

263,08 DEG K

HEAT OF VAPOR,. 5.960 KCAL

MOLAR VOLUME 584.727 CAL/BAR

MONO 388.36,

- - = > = = = o -

COMPILED
5-06-67




PROP ERTIES AT HIGH TEMPERATURES

SULFUR TRIOXIDE
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Ideal gas 298.15° to 2000°K.

GRAM FORMULA WE IGHT

135

80.062

-t -~ = -~ - - = = - - - -

FORMATION FRCM THE ELEMENTS

ENTHALPY FREE ENERGY

(KCAL/GF

W)

LOG K

-86.601
-84.318
-81.929

-110.101
-109.999
-1C9.880

-109.753
-109.616
-109.474
~109.331
-109.187

-109.040
~108.894
~-1€8.753
-108.613
-108.477

-78.211
=-74.263
=-70.260

-66.304
-62.356
-58, 424
-54.507
50,597

-46. 690
~42.793
-38. 855
-35,043
-31.168

18.033
15.355

13.173
11.357
9.822
8.509
T.372

6.378
5.501
4.718
4,031
3.406

SO3:
TEMP. -H
T 298

DEG K (KCAL)
298.15 0.000
UNCERTAINTY
400 1.322
500 2.768
600 44328
‘7¢0 54975
aco T.687
900 9.448
1000 11.248
1100 13.077
1200 14.930
1300 16.802
1400 18.688
1500 20.587
1600 224497
1700 24.415
1800 264340
1900 28.272
2000 30.209
MELTING POINT
HEAT OF FUSION
H -H

298 ©

S -{6 -H

T T 298
(CAL/DEG-GFW)
61.34 6l.34
0.20 0.20
65.14 61.83
68.36 62.82
71.20 63.99
73.74 65.20
76.03 66,42
78.10 67.60
80.00 68.75
8l.74 69.85
83.35 70.91
84.85 71.93
86425 72.90
87.56 73.84
88.79 T4.73
89.95 75.59
91.05 T6.42
92.10 T7.22
93.09 17.99

DEG K
KCAL

2.7960 KCAL

BOILING POINT
HEAT OF VAPOR

MOLAR VOLUME

TRANSITIONS IN REFERENCE STATE ELEMENTS

SULFURcs a0

ORTHO-MONO 36B.54, M.
B. P. T717.75 DEG K.

REFERENCES 148

158

584. 727

P. MONC 388.36,

CAL/BAR

COMPILED
5-06-67




136 © THERMODYNAMIC PROPERTIES OF MINERALS

SIL!CON MONOXIDE GRAM FORMULA WEIGHT 44,085

Si0: 1Ideal gas 298.15° to 2000°K.

- - ——— -

FCRMATION FROM THE ELEMENTS

TEMP. H -H S =16 -H  M/T —-=-- ——a-
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K  (KCAL) (CAL/DEG~GFW) (KCAL/GFW)
298415 0.000  50.55  50.55 -23.800 -30.226  22.156
UNCERTAINTY 0.20 0.20 1.000 1.010 04740
400 0.742 52,69  50.83 -23.936 ~32.403  17.704
500 1.501  54.38  51.38 -24.088 -34,501  15.081
600 2.288  55.82  52.00 -24.251 -36.570  13.320
700 3,096  57.06  52.64 -24.423 -38.610  12.055
800 3.922  58.16  53.26 -24.602 -40.624  11.098
900 4.761  59.15  53.86 -24.790 -42.615  10.348
1000 5.610 60,05  54.44 -24.984 ~44.578 9.743
1100 6.468  60.86  54.98 -25.185 -46.528 9,244
1200 7.332  61.62  55.51 -25.391 -48.462 8.826
1300 8.201  62.31 56,00 ~25.602 -50.379 8.469
1400 9.076  62.96  56.48 -25.817 -52.271 8.160
1500 9.953  63.56  56.93 -26.040 -54.166 7.892
1600  10.834  64.13  57.26 -264267 ____-56.039 ____7.655
1700 11.718  64.67  57.78 ~38.570 ~57.790 T %29
1800  12.604  65.18 58,17 -38.739 -58.912 7.153
1900  13.493  65.66 58,55 -38.907 -60.027 6.905
2000  14.383 66,11  58.92 -39.077 -61. 141 64681
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
W -H 2.0820 KCAL MOLAR VOLUME 584.727  CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS
SILICON.,ees Mo P. 1685 DEG K.

REFERENCES 148 158 158 COMPILED
6-13-66




PROPERTIES AT HIGH TEMPERATURES 137

QUARTZ GRAM FORMULA WE IGHT 60.085
':33‘=======:=====3===========3=====3===‘============== === Sss=z===
Si02: a quartz 298.15° to 848°K. (B quartz 848° to 2000°K.

B quartz is metastable above 1140°K.

TEMP., H =-H S -{G =-H /T emccccccccccccccrcnnrcccce- -—
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 9.88 9.88 —217.650  -204.646 150.009
UNCERTAINTY 0.02 0.02 0.400 0.410 0.301
400 1.200 13.33  10.33 -217.690  -200.197 109.382
500 2.560  16.36  11.24 -217.607  -195.830  85.597
6C0O 4.040  19.05  12.32 -217.454  -191.486  69.749
700 5.630  21.50  13.46 -217.233  -187.176  58.439
800 7.320 23.76  14.61 -216.9647  -182.905  49.967
848 8.170  24.79 _ 15.16 -216.787 __ -180.870 464615
848 8.460  25.13  15.16 Z216.497  -180.870  46.615
900 9.300  26.09  15.76 -216.401  -178.680  43.389
1000 10.920  27.80  16.88 -216.238  -174.494  38.136
1100 12.570  29.37  17.9 -216.066  -170.325  33.840
1140  13.247  29.97  18.35 -215.997  -168.662  32.334
1200  14.250  30.83  18.95 -215.880  -166.175  30.266
1300 15.940  32.18  19.92 -215.699  -162.039  27.24l
1400  17.640  33.44  20.864 -215.521  -157.915  24.652
1500  19.360  34.63  21.72 -215.336  -153.824  22.412
1600 21.100  35.76  22.57  =215.143____-149,745____ 20,454
1700 22.860  36.82  23.37 2227.011 " "Z145.549 " "T18.712
1800  24.630  37.84  24.16 -226.740  -140.777  17.093
1900  26.420  38.81  24.90 -226.455  -136.013  15.645
2000  28.220  39.73  25.62 -226.165  -131.261  14.343
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H  -H 1.6257 KCAL MOLAR VOLUME  0.56226 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SILICONeess M. P. 1685 DEG K,

REFERENCES 74 178 180 COMPILED
49 6-13-66
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138 THERMODYNAMIC PROPERTIES OF MINERALS

CRISTOBALITE GRAM FORMULA WE IGHT 60,085

E=eSd==sE=SSS =SS S SIS IS IR IS TSI ST RE SIS S TSRS S SSS S SIS =TI IS I TS

siozz a cristobalite 298.15° to 523°K. B cristobalite 523° to

2000°K. Cristobalite melts at 1996°K.

FCRMATION FROM THE ELEMENTS

TYEMP, H =H S -(G -H Y/T === ——
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG~GFW) (KCAL/GFW)
298.15 0.000 10.38 10.28 -216.930 -204.075 149,591
UNCERTAINTY 0.02 0.02 0.450 0. 460 0.337
400 1.210 13.86 10.83 -216.960 -199.679 109.099
500 2.560 16.86 11.74 -216.887 -195.360 85.392
523 2.910 17.54 11.97 -216.870 =194, 367 81.223
523 3.110 17.92 11.97 -216.670 -194. 367 81.223
600 4.310 20.06 12.88 -216.464 -191.102 69.609
700 5.850 22443 14.07 -216.293 -186.887 58.348
800 T.460 24.58 15.25 -216.087 -182.701 49,911
900 9.090 26450 16.40 -215.891 -178.539 43,355
1000 10.730 28.23 17.50 -215.708 =-174. 394 38.114
1100 12.390 29.81 18.55 -215.526 -170. 269 33.829
1200 14,080 31.28 19,55 -215.330 -166.165 30.263
1300 15.790 32.65 20.50 -215.129 -162.080 27.248
1400 17.510 33.92 21.41 -214,931 -157.997 24.664
1500 19.240 35.12 22.29 -214.736 -153.959 22.432
1600  20.990 36,25  23.13 214,533 ___ -149.919 ___20.478
1700 22.750 37.31 23.93 —226.401 -145.772 18.740
1743 23.513 37.75 24.26 -226.280 -143, 735 18.022
1800 24.530 38.33 24.70 -226.120 -141,039 17.124¢
1900 26.320 39.30 25445 -225.835 -136. 324 15.681
1996 28.050 40.19 26.14 -225.557 -131. 809 14.432
2000 28.120 40,22 26.16 -225.545 -131.621 14,383
MELTING POINT 199¢ DEG K BOILING POINT DEG K
HEAT OF FUSION 1.950 KCAL HEAT OF VAPOR. KCAL
H -H 1.6825 KCAL MCLAR VOLUME 0.61518 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SILICON«+so M. P. 1685 DEG K.

REFERENCES 74 69 36 COMPILED
178 95 4-29-67




PROPERTIES AT HIGH TEMP ERATURES 139

TRIDYMITE GRAM FORMULA WE IGHT 60.085

Bz =fsseaS=S=SI T3S SIS S S CSE S SIS S SSCSSSSESSSSSSSSSSSSTESSSSEISSIISSS

Si0.: a tridymite 298.15° to 390°K. f tridymite 390° to 2000°K.

2
FORMATION FROM THE ELEMENTS
TEMP. H =H S =6 -H /T —eemmcececcmcmacaee- ———————
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) {CAL/DEG-GF W) (KCAL/GF W)
- - - - -
298.15 0.000  10.50  10.50 -216.895  -204.076  149.591
UNCERTAINTY 0.10 0.10 0,570 0. 580 0.425
390 1,085 13,66  10.88 -216.920  -200.120  112.143
390 1.125 13,16  10.88 -216.880  -200,120 112,143
400 1.270  14.13  10.95 -216.865  -199.692 109.106
500 2.710  17.34  11.92 -216.702  -195.415  85.416
600 4,170 20.00  13.C5 -216.569  -191.171  69.634
700 5,710 22,37 14,21 -216.398  -186.950  58.368
800 7.320 24.52 15,31 -216.192  -182.758 49,927
900 8,950  26.44  16.50 -215.996  =178.590  43.368
1000  10.590 28,17  17.58 -215.813  -174.439  38.124
1100°  12.250  29.75  18.%€l -215.631  -170.308  33.837
1140 12.928 30,25  19.01 -215.555  -168.662  22.334
1200 13.940  31.22  19.€0 -215.435  -166.198  30.269
1300  15.650  32.59  20.55 -215.234  -162.107  27.253
1400  17.370 33,87  21.46 -215.036  -158.032  24.670
1560  19.100 35,06  22.23 -214.841  -153.97¢  22.434
1600  20.850 36,19  23.16 -214.638___ -149,928: __ 20,479
1700  22.610  37.25  23.95 2335605067 TTC145.775 18,741
1743 23.373 37,69  24.28 -226.386  -143,735 18,022
1800  24.390 38,27 24,72 -226.225  -141.036  17.124
1900  26.180  39.24  25.46 -225.940  -136.315 15,680
2000  27.980 40,16  26.17 -225.650  -131.606  14.381
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR, KCAL
H o ~H KCAL MOLAR VOLUME  0.63408 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SILICONeoss Mo P, 1685 DEG Ko

- o 8 e e e = > - - - - = — - - - - -

REFERENCES 74 131 95 COMPILED
4=-29-67
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140 THERMODYNAMIC PROPERTIES OF MINERALS
COESITE GRAM FORMULA WE IGHT 60.085
sz ds s sE E TIE L T SIS S S S S S I IR S S S IR SR =R T TSR IS TSIV
5i0,: Crystals 298.15° to 1800°K.
FORMATION FROM THE ELEMENTS
TEMP. H -H S -(G -H WT -~ ——— :
T 298 T T 28 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF &) (KCAL/GFW)
298.15 0,000 9.¢5 9.65‘ -216.440 =203.367 149.072
UNCERTAINTY 0.10 0.10 0.500 0.510 0.374
400 1.189 13.07 10.10 -2164491 ~198.895 108.671
500 2.501 15.99 10.99 =216.456 =194, 495 85.013
600 3.918 18.56 12.03 -216.366 -190.106 69.246
700 S5.417 20.86 13.12 -216.236 -185.733 57.988
800 6.969 22.92 14.21 -216.088 -181.378 49.550
900 8.588 24.83 15.29 -215.903 -177.050 42.993
1000 10.279 26.61 16.33 -215.669 -172.735 37.751
1100 12.015 28.26 17.34 -215.411 -168.451 33.468
1200 13.779 29.80 18.32 -215.141 -164.201 29.905
1300 15.555 31.24 19.27 ~214.874 -159.987 26.896
1400 17.354 32.56 20.16 =214.597 -155. 755 24,314
1500 19.142 33.81 21.05 -214.344 -151.597 22.088
1600 20.921 34,95 21.88 -214.112  -147.419 ___20.136
1700 22.709 36.C3 22.67 =225.952 ~143.150 18.403
1800 24.510 37.07 23.46 =225.650 -138. 307 16.793
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSIGON KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME 0.49333 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SILICON..es M. P, 1685 DEG K.

REFERENC

ES 163

61
131

COMPILED
5-17-67



PROPERTIES AT HIGH TEMPERATURES 141

STISHOVITE GRAM FORMULA WE IGHT 60.085

A S s A S I SIS ST IS IS SIS SRS S S IR LI SSIT IS IBIRAIS RIS

Siozz Crystals 298.15° to 1800°K.

FCRMATION FROM THE ELEMENTS

TEMP. H -H S -{G -H WY =--
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)

298,15 0,000 664 6.64 -205.860 -191. 890 140.659
UNCERTAINTY 0.10 0.10 0,500 0.510 0.374
400 1l.160 9.98 7.08 -205.940 -187.108 102.231
500 2.444 12.84 7.95 -205.933 -182.395 79.725
600 3.832 15.36 8.98 -205.872 -177.692 64,724
700 5.303 17.62 10.05 -205.770 -172.998 54.012
800 6.826 19.65 11.12 -205.651 -168.321 45,983
900 - 8.417 21.53 12.18 -205.494 =163, 667 39.744
1000 10.079 23.28 13.20 -205,.,289 -159.021 34,754
1100 11.787 24.90 14.19 -205.059 ~154.402 30.677
1200 13.522 26442 15.15 -204.818 -149,818 27.286
1300 15.270 27.83 16.C8 -204.579 -145.264 264,421
1400 17.040 29.14 16.97 ~204.331 -140. 705 21.965
1500 18.800 30.37 17.84 -204.106 -136.204 19.845
1600 20,550  31.50  18.66  -203.903____-131.689___ 17,988
1700 22.310 32.56 19.44 -215.771 -127.067 16.335
1800 24.080 33,57 20419 -215.500 -121.851 14.795
MELTING POINT DEG K BOILING POINT DEG K
HFAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME 0433494 CAL/BAR
298 0O

TRANSITIONS IN REFERENCE STATE ELEMENTS

SILICON.eoe Me P, 1685 DEG K.

REFERENCES 163 ’ 61 61 . COMPILED
5-17-67




142 THERMODYNAMIC PROPERTIES OF MINERALS

SILICA GLASS

GRAM FORMULA WEIGHT 60.085

tR kT 2 T ST S S E s R ST S S S S E S S S S RS R e C SIS S S S S =SS S SEESSSSTTS=T S
Si0,: Glass 298.15° to 2000°K.
FORMATION FROM THE ELEMENTS
TEMP. H -H S =16 <H /T e e e
T 298 T T* 298 ENTHALPY  FREE ENERGY LOG K
DEG K  (KCAL) (CAL/DEG-GF &) (KCAL/GFW)
298.15 0.000  11.23  11.23 -215.870  -203.298  149.021
UNCERTAINTY 0.05 0.¢5 0.500 0.510 0.374
400 1.230  14.87  11.79 -215.880  -199.002  108.730
500 2.550  17.81  12.71 -215.837  -194.784 85,140
600 3,950  20.36  13.78 -215.764  -190.581  69.419
700 5.430  22.64  14.88 -215.653  -186.393  58.194
800 6.990 24,72 15.98 -215.497  -182.222  49.781
900 8.610  26.63  17.C6 -215.311  -178.075  43.242
1000  10.280  28.39  18.11 -215.098  -173.943  38.015
1100 11.960  30.01  19.12 -214.876  -169.838  33.744
1200 13.700  31.50  20.08 -214.650  -165.748  30.187
1300  15.450  32.90  21.01 ~214.409  -161.684  27.181
1400 17.240  34.23  21.91 -214.141  -157.640  24.609
1500  19.080  35.50  22.78 -213.836  -153.627  22.383
1600 20,980 36.72 23.61 =213.483_ ___-149.619____20.437
1700  22.930  37.90  24.41 =225.161  -145.533  18.709
1800  24.920  39.04  25.19 ~224.670  -140.866  17.103
1900  26.950  40.14  25.95 ~224.145  -136.228  15.670
2000  29.010  41.20  26.69 ~223.595  -131.629  14.384
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H  -H KCAL MOLAR VOLUME  0.65177 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SILICONeeoe Me P. 1685 DEG K.
REFERENCES 74 161 95 COMPILED
178 180 4-15-67




PROPERTIES AT HIGH TEMP ERATURES 143

CASSITERITE GRAM FORMULA WEIGHT 150,689
£l S St S e S S S S S S E N S e S e S I T S E S S NS S SR NSRRI IR NN EREDS
Sn02: Crystals 298.15° to melting point 1903°K.
FORMATION FROM THE ELEMENTS
TEMP. H ~H S -{G -H /T =cemcewa=- ,ememes cccccccncae-
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 ' 12.50 12.50 ~-138.820 -124.266 91.089
UNCERTAINTY 0.30 0.30 0.150 0.180 0.132
400 1.510 16.84 13.06 -138.714 -119.305 65.185
'500 3,100 20.38  14.18 -128.565  -114.468  50.034
600 4.780 23.45 15.48 =120°010 ~ " =109°3%% 739,333
700 6.550 26.18 16.82 -139.703 -104.270 32.554
800 B8.390 28.63 18.14 -139.346 -99, 224 27.107
900 10.280 30.85 19.43 ~138.960 -94,237 22.884
1000 12.210 32.88 20.67 -138.537 -89.283 19.513
1100 14.190 34.77 21.87 ~-138.086 -84,.381 16.765
1200 16.210 36.53 23.02 -137.594 -79.525 14.483
1300 18.260 38.17 24412 -137.091 -74.708 12.560
1400 20.340 39.71 25.18 ~136.555 -69.919 10.915
1500 224,440 41.16 26420 -136.016 -65.189 9.498
MELTING POINT 1902 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME 0.51506 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

TINesoossos Ms P. 5C5 DEG K.

- - = > - ——— ————— —————————— ——————— - -

REFERENCES 74 78 22 COMPILED
6-13-66




144 THERMODYNAMIC PROPERTIES OF MINERALS

STRONTIUM OXIDE GRAM FORMULA WEIGHT 103.619

R e R R e e A L R D A it
SrO: Crystals 298.15° to 2000°K.

- s e Ot B o = = e = = s - - - - - -

FORMATION FROM THE ELEMENTS

TEMP. H -H S -(G -H 1/ evcec—ccca- —————————————— -
T 298 T T 268 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) {CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 13.00 13,00 -144.440 -137.285 100,632
UNCERTAINTY 0,20 0.20 0.400 0. 440 0,323
400 1.170 16.37 13.44 ~144.292 -134.863 73.686
500 2.340 18.98 14,30 -144,167 -132.519 57.924
6C0 3,550 21.18 15,26 -144.045 -130.194 4T.423
700 4,800 23.11 16,25 -143.934 -127.901 39,932
800 6,090 24,83  17.22  =-143.823____-125.618___ 34,317
900 T.410 26.39 18.16 -143.940 -123.343 29.952
1000 8.740  27.79  19.C5  =-143.933____-121.051___ 26456
1100 10,070 29.06 19.91 -146.253 -118. 641 23.572
1200 11.400 30,21 20.71 -146.087 -116.122 21.149
1300 12.740 31.28 21.48 -145.915 -113. 632 19.103
1400 14.090 32.28 22.22 -145.737 -111.153 17.352
1500 15.450 33,22 22.92 -145.553 -108., 692 15.836
1600 16.820  34.11  23.60  -145.361 ___-106.246___ 14513
1700 18.200 34,94 24,23 -178.241 -102.567 13.186
1800 19.590 35.74 24,86 -177.796 -98.131 11.915
MELTING POINT 2693 DEG K BOTILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR., KCAL
H -H . KCAL MCLAR VOLUME 0.49450 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

STRONTIUM.. ALPHA-GAMMA 862, M. P, GAMMA 1043, B. P, 1648 DEG K.

- -

REFERENCES 74 78 108 COMPILED
6-13-66




PROPERTIES AT HIGH TEMPERATURES 145

THORIANITE GRAM FORMULA WE IGHT 266.037
s==Ssa==

Th02: Crystals 298,15° to 2000°K.

TEMP. H =H S -(G ~H /T wmerrrcretce st e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0,000 15.59 15.59 -293.200 =-279. 436 204,831
UNCERTAINTY 0.05 0.05 0.400 0.410 0.301
400 1.600 20,20 16.20 -293.004 -274. 7159 150.121
500 3.210 23.79 17.37 -292.825 -270.218 118.112
600 4.890 26485 18.70 -292.630 ~-265.714 96.786
700 6.620 29.51 20.C5 -292.438 -261.240 81.562
800 8.390 31.88 21.39 -292.256 -2564 798 70.154
900 10,200 34,01 22.68 -292.080 -252.379 61.286
1000 12.050 35.96 23.91 -291.907 -247.9173 564,194
1100 13.940 37.76 25.09 -291.746 -243.596 48.398
1200 15.860 39,43 26,21 ~-291.584 -239.215 43,567
1300 17.800 40,98 27.29 -291.441 -234, 856 39,483
1400 19.760 42.43 28.32 ~291.315 =230, 503 35,983
1500 21.740 43,80 29.31 -291.216 -226. 179 32.954
1600 23,740  45.09  30.25  =291.123 __ -221,837___ 30,301
1700 25.750 46,31 31.16 -291.735 -217.481 27.959
1800 27.770 4T.46 32.03 -291.704 -213.103 25.874
1900 29.800  48.56  32.88  =291.669 __ -208,732___ 24,010
2000 31.840 49.61 33.69 ~-296.129 -204, 285 22.323
MELTING POINT 3493 ‘ DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H ~H 245244 KCAL MOLAR VOLUME 0.63033 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

THORIUMsses ALPHA-BETA 1673, M. P. BETA 1968 DEG K.

> o = o = e o e - ———

REFERENCES 156 18 22 COMPILED
6-13-66




THERMODYNAMIC PROPERTIES OF MINERALS

RUTI GRAM FORMULA WE IGHT 79.899
=SSR TS T S E 3T S ST RS S IS E S SIS S IR ST S IS S S S S S TS SR TSI S S S YIS IS TSI RS
Tio, Crystals 298.15° to melting point 2103°K.
FCRMATION FROM THE ELEMENTS
TEMP, -H S e cmcs—cnne- - - ceececccceae
T 298 T ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GFh) {KCAL/GFW)

298.15 0.000 12.04 -225.760 155.810
UNCERTAINTY 0.04 0.100 0.081
400 1.540 16.47 -225.571 113.686
500 3.100 19.95 -225.385 89.047
6C0 4.735 22.93 -225.170 T72.636
700 6.440 25.55 ~224.932 60.921
800 8.160 27.85 ~224.723 52.148
900 9.900 29.90 ~224.535 45.330
1000 11.650 31.74 -224.373 39.878
1100 13.420  33.43 -224.227_ ___-178.288___ 35.422
1200 15.200 34.98 -225.071 31.705
1300 17.000 36.42 -224.851 28.552
14C0 18.820 3t.17 -224.642 25.855
1500 20.660 39.04 =224.445 23.519
1600  22.530  40.24 -224.249 21.473
1700 24.420 41.39 -224.063 19.672
1800 264340 42.48 -223.879 18,072
1900 28.280 43.53 -223.705____-144.682____16.642
2000 30.250 44.54 -227.222 15.344
MELTING POINT 2102 BOILING POINT DEG K
HEAT OF FUSION HEAT OF VAPOR. - KCAL

H
298

-H

2.C720 KCAL

MOLAR VOLUME

TRANSITIONS IN REFERENCE STATE ELEMENTS

TITANIUM... ALPHA-BRETA 1155, M.

1943 DEG K.

0.44981 CAL/BAR

.................. . e e - =~ = = - = -

REFERENCES 74

111

COMPILED
6-13-66

- - ——— - -~ " - - - -



PROPERTIES AT HIGH TEMP ERATURES 147

ANATASE GRAM FORMULA WE IGHT 79.899

stk TSI 3T S S =S S I EE SIS RS S S S ST 2T S ST S SIS S XTI S IT I TSI T TSI

Ti0,: Crystals 298.15° to 1300°K.

TEMP, H -H S -(G -H | e tated
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 11.93 11.93 -225.860 -212. 626 155.859
UNCERTAINTY 0.07 0.07 0.320 0.330 0.242
400 1.540 16.36 12.51 -225.,671 -208.130 113,717
500 3.100 19.84 13.64 -225.485 -203,.768 89,067
600 4.735 22.82 14.93 -225.270 -199. 446 72.648
700 6.440 254,45 16.25 -225.032 -195,.157 60.930
800 8.170 27.75 17.54 -224.813 -190. 899 52,151
900 9.930 29.82 18.79 -224.605 -186., 668 45.329
1000 11.720 31.71 19.99 -224.403 -182. 469 39,878
1100 13,530 33.44  21.14  -=224,217___ -178,289_ __ 35.42)
1200 15.350 35.02 22.23 -225.021 -174.080 31.704
1300 17.180 36,48 23.26 -224.771 -169.837 28.552
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR, KCAL
H -H KCAL MCLAR VOLUME 0.49044 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

TITANIUM... ALPHA-BETA 1155, M. P. 1943 DEG K.

REFERENCES 74 18 162 COMPILED
4=-29-67



148 THERMODYNAMIC PROPERTIES OF MINERALS

URANINITE GRAM FORMULA WEIGHT 270.029

=i eI TSI PR S S T SRS S S S C S S ST SIS I I II =SS IR TIIIT TSI =TI

UO,: Crystals 298.15° to 2000°K.

2
FCRMATION FROM THE ELEMENTS
TEMP. H -H S -(G -H V/T ==vmceeee S===—= MEmsmm—e—————
T 298 T T 268 ENTHALPY FREE ENERGY LOG K
DEG K {KCAL) (CAL/DEG-GFW) (KCAL/GF W)
298.15 0.000 18.63 18.63 -259 200 -246,569  180.739
UNCERTAINTY 0.10 0.10 0.600 0.610 0.447
400 1.680 23.47 19.27 -258.944 -262.295 132.383
500 3.470 27.46 20.52 ~258.620 -238.168  104.103
600 5.340 30.86 21.96 -258.300 ~234.102 85.271
700 7.280 33.85 23.45 -258.008 -230.093 71.838
800 9.250 36448 24.92 -257.786 -226.120 61.773
900 11.250 38.83 26.33 257650 __.=222.170 __ 53.950
1000 13.280 40.97 27.69 258,187 __-218.193 " T47.58%
1100 15.340 42.94 28.99 -259.066 -214.161 42.550
1200 17.420 44,75 30.23 -258.744 -210.083 38.261
1300 19.510 46442 31,41 -258.431 -206.045 34.639
1400 21.620 47.98 32.54 -258.095_ ___-202,015 __ 31.536
1500 23.750 49,45 33.62 -260,846 -197. 819 28.822
1600 25.900 50.84 34.¢5 -260.6493-  -193.607 264445
17€0 28,070 52.16 35.65 -260.120 -189,453 24,356
1800 30.260 53.41 36.60 -259.734 -185.291 22.497
19¢0 32.470 54460 37.51 -259.334 -181.166 20,839
2000 36.700 55.75 38.40 -258.919 -177.095 19.352
MELTING POINT 3151 DEG K ROILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H  =H KCAL MOLAR VOLUME  0.58838 CAL/BAR

298 0
TRANSITIONS IN REFERENCE STATE ELEMENTS

URANTUM..os ALPHA-BETA 941, BETA-GAMMA 1048, M. P, 1405 DEG K.

- e ke o = = = = - - = = " - —— - -

REFERENCES 74 8 22 COMPILED
6-13-66

- - - = = = = - — —



PROPERTIES AT HIGH TEMP ERATURES 149

KARELIANITE GRAM FORMULA WEIGHT 149.882

Erc=ds3 -t ST SrAE ST IS S RIS S S SIS SIS S SRS SIS ISITIITIZSIISISIES

V203: Crystals 298.15° to 1800°K.

- - - -— -

FORMATION FROM THE ELEMENTS

TEMP. H -H S -{G -H T -~
T 298 T T 268 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)

298.15 0.000 23.53 23.53 -291.290 =272.273 199.581
UNCERTAINTY 0.30 0.30 0.380 0.400 0.293
400 2.720 31.36 24.56 =-290.904 -265.830 145.242
500 5.590 37.76 26.58 -290.402 -259.617 113.478
600 8.600 43.25 28.92 -289.827 -253.524 92.346
700 11.700 48.02 31.31 -289,220 -247.519 77.279
800 14.870 52.25 33.66 -288.601 -241.593 66.000
900 18.100 56.06 35.95 -287.980 ~235.755 5T7.249
1000 21.370 59.50 38.13 -287.380 -229.984 50.263
1100 24.660 62.64 40.22 -286.833 ~224.271 44.558
1200 27.960 65.51 42.21 ~286.345 ~218.603 39.813
1300 31.360 68.23 44,11 ~-285.824 -212.998 35.808
14C0 34.940 70.98 46.02 -285.186 ~207.556 32.401
1500 38.6170 73.45 47.67 ~284.467 -201.874 29.413
1600 42.480 75.91 49.36 -283.746 -196.401 26.827
1700 46.370 78.26 50.98 ~283.031 -190. 954 244549
1800 50.350 80.54 52457 -282.313 -185.535 22.527
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT CF VAPOR, KCAL

H -H KCAL MOLAR VOLUME 0.71343 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

VANADIUM,.. M. P. 2175 DEG K.

e -~ - - = = - - = = S o - —— -

REFERENCES 74 78 110 COMPILED
4=-29-67

- ————— - = - - -




150 THERMODYNAMIC PROPERTIES OF MINERALS

TUNGSTEN TRIOXIDE GRAM FORMULA WEIGHT 231.848

Y Y Y F F T eI e R Y I T e P T T IS L L

WO5: Crystals (monoclinic ?) 298.15° to 1050°K. Tetragonal
crystals 1050° to melting point 1745°K. Liquid 1745° to

2000°K.
FORMATION FROM THE ELEMENTS
TEMP., H =H S -(G -H V/T mmemmme e e c e e
T 298 T T 258 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GF¥) {KCAL/GFHW)

298.15 0,000 18,14 18.14 -2C1.460 -182.631 133.871
UNCERTAINTY 0.12 0.12 0.200 0.210 0.154
400 1.880 23.55 18.85 -201.268 -176.222 96.283

500 3.940 28.14 20.26 -2C0.910 -170.000 T4.307
600 6.130 32.13 21.91 -200.471 -163.862 59.687

700 8.400 35.63 23.63 " =199.994 -157.796 49,266

800 10.710 38.71 25.32 -199.514 -151.802 41.470
900 13.050 41.46 26.96 -199.036 -145,857 35.419
1000 15.420 43,96 28.54 -198.553 -139,977 30.592
1050 16.640 45,15 29.30 -198.218 -137, 050 28,526
1050 17.050 45.54 29.30 -197.868 -137.050 28.526
1100 18.240 46.65 30.07 =197.647 -134.150 26.653
1200 20.630 48,73 31.54 -197.193 -128. 407 23.386
1300 23.060 50.67 -32.93 -196.719 -122.684 20.625
1400 25.510 52.49 34.27 =196.245 -117.005 18.265
1500 27.990 54.20 35.54 =195.760 -111.367 16.226
1600 30.500 55.82 36.76 -195.261 -105. 756 14.446
1700 33.030 57.36 37.93 -194.758 -100.182 12.879
1745 34.180 58.02 38. 44 ~194.530 ~97.680 12,234
1745 51.730 68.C8 . 3B8.44 -176.980 -97.680 12.234
1800 53.460 69.C6 39.36 -176.374 ~95.202 11.559
1900 564610 70.76 40.97 -175.286 ~90.715 10.435
2000 59.760 72.38 42.50 -174.214 -86.289 9.429
MELTING POINT 1745 DEG K BOILING POINT DEG K
HEAT OF FUSION 17.550 KCAL HEAT OF VAPOR, KCAL

H ~H 2.949 KCAL MOLAR VOLUME 0.75550 CAL/BAR

298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

TUNGSTEN... M. P. 3680 DEG K.

REFERENCES 90 90 170 COMPILED
2-12-67




PROP ERTIES AT HIGH TEMP ERATURES

ZINCITE GRAM FORMULA WE IGHT

2Z S22z SCSCSSSSSSSSSSSSISSSSSSSSSSESSSSESSISSSSSTSSZS IS ISI=I=TR====x=S

ZnO: Crystals 298.15° to 2000°K.

151

81,369

- - = = =~ - - ————— - -

FORMATION FROM THE ELEMENTS

TEMP., H =H S -(G -H W/ T —eommeme e————— e meeme e ——
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFh) (KCAL/GFW)
298.15 0,000 10.43 10.43 -83,250 -76.089 55,775
UNCERTAINTY 0.10 0.10 0.200 0,210 0.154
400 1.070 13.51 10.83 -83.,172 -73. 655 40,243
500 2.190 16.01 11,63 -83,057 -71.284 31.158
600 3.350  18.12  12.54 82,945 -68.944___ 25.113
700 4.530 19.94 13.47 -84.614 -66.600 20.793
800 5740 21.56 14.38 -84,.,553 -64.036 17.494
900, 6.970 23.C0 15.26 -84,.,480 -61.462 14.925
1000 8.220 24.32 16.10 -84.393 -58.912 12.875
1100 9,500  25.54  16.90 84,283 -56.374____11.201
1200 10.800 26.67 17.¢€7 -111.667 -53, 394 9.724
1300 12.120 2T.72 18.40 -111.272 -48,543 8.161
1400 13.450 28.71 19.10 -110.871 -43, 737 6.828
1500 14.800 29.64 19.77 -110.453 -38.957 5.676
1600 16,160 30.52 20.42 -110.028 -34.,209 4.673
1700 17.530 31.35 21.C4 -109.596 -29., 485 3.791
1800 18.910 32.14 21.¢63 -109.158 -24,795 3.010
1900 20,300 32.89 22.21 ~108.712 -20.115 2314
2000 21.700 33.61 22.76 ~-108.258 -15.457 1.689
MELTING POINT 2242 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPDR. KCAL
H -H KCAL MOLAR VOLUME 0.34269 CAL/BAR
298 0
" TRANSITIONS IN REFERENCE STATE ELEMENTS
ZINCeaoeooseo Mo P. €92.7, B. Po 1184 DEG K.
REFERENCES 74 78 22 COMPILED

6= 13 66



152 THERMODYNAMIC PROPERTIES OF MINERALS

BADDELEYITE GRAM FNRMULA WEIGHT 123,219
g===:=========:=====:=:=============_=== eSS s=s=sasTsszsssssSx=sos
Zr0,: Monoclinic crystals 298.15° to 1478°K. Tetragonal crystals
1478° to 2000°K.
FORMATION FRDOM THE ELEMENTS
TEMP. H ~-H S -{G ~-H VT ===-- ceeeeesemn—— -
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFHW)
298.15 0.000 12.04 12.C4 -262.300 -248.505 182,158
UNCERTAINTY 0.08 0.C8 0.400 0.410 0.301
4CO 1.475 16.28 12.59 -2624195 -2643.804 133.208
500 3.050 19.79 13.69 -262.022 -239.224 104.565
600 44690 22.78 14.96 -261.841 -234,683 85.483
700 6.380 25.38 16.26 ~261.654 -230.168 7T1.861
800 8.120 27472 17.57 -261.450 -225.699 61,658
900 9.910 29.83 18.81 -261.219 -221. 245 53.725
1000 11.730 31.74 20.01 -260.980 -216.807 47.383
1100 13.570 33,50  21.16  -260.749_ __ -212,409 __ 42,202
1200 15.420 35.11 22.26 ~261.485 -207.977 37.878
1300 17.280 36.59 23.29 -261.256 -203.516 34.21¢4
1400 19.150 37.98 24.30 -261.,032 -199.090 31.079
1478 20,620 39,00 25.05 -260.857 -195,638 28,928
1478 22,040 39,96 25.05 -259.437 -195.638 28.928
1500 22.430 40.22 25426 -259.411 -194. 688 28.366
1600 24.210 41.37 26.23 -259.303 -190. 377 26.004
1700 25.990 42,45 27.16 -259,208 -186.074 23.921
1800 27.770 43.47 28.04 -259.126 -181, 778 22,071
1900 29.550 44,43 28.87 -259.057 -177.479 20.415
2000 31.330 45.34 29.67 -259.001 -173.183 18.925
MELTING POINT 3123 DEG K BOILING POINT DEG K
HEAT OF FUSION 20,800 KCAL HEAT OF VAPOR. KCAL
H -H 2.C900 KCAL MOLAR VOLUME 0.50550 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ZIRCONIUM.. ALPHA-BETA 1143.2, M. P. BETA 2128.2 DEG K.

REFERENCES 74 148 67 COMPILED
148 4-15-67




PROPERTIES AT HIGH TEMPERATURES 153

PEROVSKITE GRAM FORMULA WEIGHT 135,978
‘===t==_:8==;==3=&=:==:=========================S== ST STRTIITTTT===
CaTi03: a crystals (orthorhombic) 298.15° to 1530°K. B crystals

(cubic) 1530° to 2000°K.

FCRMATION FROM THE ELEMENTS

TEMP. H =H S =6 ~H /T mmmmmm e -
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 22.40 22.40 -396.900 -376.517 275.994
UNCERTAINTY 0.10 0.10 0.410 0.420 0.308
400 2.680 30.11 23.41 ~-396.583 ~369.593  201.936
500 5.430 36424 25.38 -396,257 -362.887 158.617
600 8.300 41,47 27.66 -395,910 ~356.247 129.763
700 11.260 46,03 29.94 ~395.571 _ -349.656 _ 109.167
800 14.270 50.05 32,21 <395.7366 345,132 95,736
900 17.310 53.63 34,40 -395,05% -336. 611 81.740
1000 20.380 56.87 36449 -394,886 -330.130 72.150
1100 23.490 59.84 38.49 -394,780  -323,671 __ 64.307°
1200 26,640 62.58 40,38 EEL TP T I ) & %k TR % {1}
1300 29.820 65.12 42.18 -397.006 -310. 335 52.172
1400 33,030 67.50 43,91 -396.579 -303,703 47.410
1500 36.270 69.74 45,56 -396.158 -297.080 43,284
1530 37.260 70.39 46404 -396,033 -295.096 424152
1530 37.810 70.75 46.04 -365,483 295,096 42,152
1600 40,050 72.18 47.15 -395,230 -290.509 39,682
1700 43.250 74,12 48.68 2394.915 __ -283,968 __ 36,506
1800 464460 15.96 50.15 ~430.905 =276.545 33,577
1900 49.680 77.69 51.54 -430,398 __ -267.965 __ 30,823
2000 52.910 79.34 52.88 -433,605 ~259.320 28,337
MELTING POINT 2188 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME  0.80368 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUM..ee ALPHA-BETA 737, M. P, BETA 1123, B. P, 1756 DEG K.
TITANIUM... ALPHA-BETA 1155, M. P. 1943 DEG K.

REFERENCES 74 78 80 COMPILED
151 4-29~67




154 THERMODYNAMIC PROPERTIES OF MINERALS

CHROMITE GRAM FORMULA WEIGHT 223,837

TS S S SE =g SE IS TS S S S SS=3 S S S S SSS S SSSSSSS ST =S SSTTSTRTSTSTITTSIDS

FeCr204: Crystals 298.15° to 1900°K.

FORMATION FROM THE ELEMENTS

TEMP. H =H S -{6 -H VA B T —— ——
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)

298-15 00000 3“090 34090 - - Aadaded
UNCERTAINTY 0.40 0.40

400 3.450 44.83 36.20 -—— -—— -—
500 T.180 53.14 38.78 -—- — ——
600 11.130 60.34 41.79 -— -— -—
700 15.220 6b6.64 44.90 -— — ——
800 19.410 T2.24 47.98 -— -— ——
900 23.680 T7.26 50,95 -—- —-— ———
1000 28.030 81.85 53.82 -—— -— ——
1100 32.450 86.06 56456 ——— — ———
1200 36.920 89.95 59.18 ——— —— -——
1300 41.430 93,55 61.¢8 -—— -—— ——

1400 45.990 96.93 64.08 - ——- .-
1500 50.590 100.11 66.38 -—— - —-——-

1600 55.230 103.10 68.58 —— —— ——
1700 59.910 105.94 70.70 - - —-——
1800 64.630 108.¢€4 72.73 — - -
1900 69.390 111.11 T4.59 - ——— -—-

MELTING POINT DEG K BOILING POINT DEG K

HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME 1.0518 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

CHROMIUM.,. M. P. 2130 DEG K.
IRONssesees CURIE P, 1033, ALPHA-GAMMA 1184, GAMMA-DELTA 1665,
M. P. CELTA 1809 DEG K.

- e > > e > e e = - - - - -

REFERENCES 74 78 COMPILED
- ) 6-13-66

— — - o o o - - = = = - —




ILMENITE

PROPERTIES AT HIGH TEMPERATURES

155

GRAM FORMULA WEIGHT 151,745

£ T® S E T =SS == 3RS S ST E SIS S ST IIT IS B II IS TSI ES ST SIS SSSISTSTSITTST=R

FeTi03: Crystals 298.15° to melting point 1640°K.

Liquid 1640°

to 2000°K.
FCRMATION FROM THE ELEMENTS
TEMP. H -H s =6 “H )/T emeeccomcmccrceerceem— e — e
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) {CAL/DEG~GF W) (KCAL/GFW)
298.15 0.000 25.30 25.30 -295.560 -277.065 203.093
UNCERTAINTY 0.30 0.30 0.380 0. 390 0.286
400 2.595 32.77 26.28 -295,313 -270.779  147.946
500 5.330 38.87 28.21 ~2664.,992 -264.682 115.692
600 8.200 44,10 30.43 -294,650 -258. 653 94,214
700 11.130 48461 32.71 -294.366 -252.672 78.887
800 14.150 52465 34,96 -294.126 -246.742 67.407
900 17.250 56430 37.13 -293.965° ~240.822 58.479
1000 20,430 59465  39.22  -293.946___ =234.920 __ 51,342
1100 23.650 62.172 41,22 -294.150  -229.003___ 45.499
1200 26.900 65.54 43,12 =2957118 223,044 40,622
1300 30,200 68.18 44,95 -294,646 -217.062 36.491
1400 33,540 70.66 46.70 -294.189 -211.127 32.958
1500 364920 72.99 48.38 -293.738 -205.205 29.898
1600 40.360 75.21 49,98 -293,280 -199, 311 27.225
1640 41.750 76.07 50.61 -293.095 ~196. 960 264247
1640 63.420 89.28 50.61 =271.425_ 196,960 ____ 26,247
1700 664280 90.99 52.00 -270.675 -194,238 °  24.971
1800 71.040 93.72 54425 -269.086 __ =189,804_ ___23.045
1900 75.800 96.29 56440 -271.219_ __ -185,261____ 21.310
2000 80.560 98.73 58.45 S273.446 -180. 661 19.742
MELTING POINT 1640 DEG K BOILING POINT DEG K
HEAT OF FUSION 21.670 KCAL HEAT OF VAPOR. KCAL

KCAL

MOLAR VOLUME 0. 75741 CAL/BAR

TRANSITIONS IN REFERENCE STATE ELEMENTS

IRON.cesoes CURIE P, 1033, ALPHA-GAMMA 1184, GAMMA-DELTA 1665,

M.

M. P. CELTA 1809 DEG K.
TITANIUM... ALPHA-BETA 1155,

P.

1943 DEG K.

REFERENCES 74

- = " = = - —-—

78

80 COMPIILED
6-13-66




156 THERMODYNAMIC PROPERTIES OF MINERALS

TITANOMAGNETITE GRAM FORMULA WE IGHT

FezTi04: Crystals 298.15° to 1600°K.

- s e o - - e e B - o e s o o e o e

FCRMATION FROM THE ELEMENTS

TEMP, H -H S -(G -H YW1 -~ ———-
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0,000 40.36 40.26 - ——- -
UNCERTAINTY 0.60 0.60
400 3.750 51.16 41.78 - - —==
500 7.610 59.76 44,54 - -— -

600 11.640 67.10 47.70 - -—— -—
700 15.850 73.59 50.95 - -——- -
800 20.220 79.42 54% 14 - - -
900 244,740 84.74 57.25 - -— -
1000 29.400 89.65 60.25 -—- - -—-

1100 34,210 94.23 63.13 - —— -
1200 39.180 98.56 65.91 - — ——
1300 44.350 102.70 68.58 -— - —-——
1400 49.760 106.71 T1.17 —-— -—— -
15C0 55.450 110.93 73.96 -— -—- -——
1600 61.460 114,51 76.10 -— b -

MELTING POINT DEG K BCILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL

H =-H KCAL MOLAR VOLUME 1.1190 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

IRONeeesoss CURIE P, 1033, ALPHA-GAMMA 1184, GAMMA-DELTA 1665,
M. P. CELTA 1809 DEG K.
TITANIUM,.. ALPHA-BETA 1155y M. P. 1943 DEG K.

———- - -—- - - -—-

REFERENCES 74 78 COMPILED
6-13-66

- - - -———— ———— - - - o e e e e e




PROPERTIES AT HIGH TEMPERATURES . 157

PSEUDOBROOKITE ' GRAM FORMULA WEIGHT 239,591
===k ====

& BSES=S33I=aQITISSOISSIS=IIIZ IS =TT STRISISSSSITT

FeZTiOS: Crystals 298.15° to 1800°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H § =G =H /T =mmm——e—em—cemmmmm—mmmmeeen -
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) {CAL/DEG-GF W) (KCAL/GFW)
A e ——————
298.15 0.000  37.40  37.40 -—- -— -
UNCERTAINTY 0.30 0.30
400 4.330 49,86  39.03 — - -—
500 8.760  59.69  642.21 —- - .-
600  13.300  68.00  45.83 - - -
700  18.010  75.26  49.53 - —- -

800 22.870 81.75 53.16 - - ———
900 27.860 87.63 56.£7 -—- —-— -——
1000 32.960 93.00 60.04 -—— -—- ——

1100 38.130 97.93 63,27 -—- - ——=
1200 43.330 102.45 66.34 - —-—— ——
1300 48.550 106.63 69.28 —— -—- ——-
1400 53.800 110.52 72.09 -— -——- -
1500 59.080 114.16 14,177 -—- - -

1600 64,400 117.60 77.35 -—- L - ——-
1700 69.760 120.85 79.81 - -— ——
1800 75.160 123.93 82.17 —-—— -— -

- ot 2 e e e e e e e > ————

MELTING POINT DEG K BOILING POINT DEG K

HEAT OF FUSION KCAL HEAT OF VAPOR., KCAL

H -H KCAL MOLAR VOLUME 1.3033 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

COPPEReeese M. P, 1357 DEG K.
TITANIUM... ALPHA-BETA 1155, M. P, 1943 DEG K.

REFERENCES 74 78 COMPILED
6-13-66

- - =0 o = - ———




158 THERMODYNAMIC PROPERTIES OF MINIZERALS

SPINEL

GRAM FORMULA WE IGHT

142.273

TEMP. H -H S “(6 =H /T mm e
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GF W) {(KCAL/GFW)

298.15 0.000 19.26 19.26 -552.800 -522.961 383,339
UNCERTAINTY 0.10 0.10 0.500 0.510 0.374
400 3.140 28.28 20.43 -552.949 -512.948 280,261

500 6.619 36.03 22.79 -552,833 -502.690 219.725
600 10.324 42.78 25.57 -552.622 -692,677  179.457
700 14.188 48,73 28.47 -552,378 -482.703 150,706

800 18.173 54,05 31.24 -552.145 -472.771  129.155
900 22,262 58.87 34,13 -551.959____-462.854_ _ 112,396
1000 26.441 63.27 36.83 =5537017 352,433 398,877
1100 30.704 67.33 39,42 ~558,730 -441.772 87.772
1200 35.047 71.11 41,91 -558,.381 -431.165 78.526
1300 39,464 74465 44,29 -557.974 _ =-420.572____70.704
1400 43,954 77.97 46.58 587,855 2%09. 151 83,877
1500 48.515 81.12 48,78 ~587,051 -1396, 460 57.764
1600 53.147 84411 50.89 -586.188 . -383,782 52,422
1700 57.847 86.96 52.93 -585,267 -371.157 47.715
1800 62.615 89.68 54,90 -584,290 -358.588 43,538
1900 67.450  92.30 56.80 -583,260 -346.079 39,808
2000 72.352 94,81 58.64 -582.173 -333,629 36,457
MELTING POINT 2408 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H 3.6830 KCAL MOLAR VOLUME  0.94909 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE E_EMENTS

ALUMINUM... Me P. 933 DEG K.
MAGNESIUM.. M. P, 922, B. P. 1363 DEG K.

REFERENCES 148 18

115
151

COMPILED
4-15-67




PROPERTIES AT HIGH TEMP ERATURES

159

PICROCHROMITE GRAM FORMULA WE IGHT 192.302
.===’====================;==================3=====:=:= TS ====
MgCr204: Crystals 298.15° to 2000°K.
FCRMATION FRCM THE ELEMENTS
TEMP. H -H S -(G -H /T —memee- Rt ettt bl b D Dol
T 298 T T 268 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000 25.30 25,20 - -—- -——-
UNCERTAINTY 0.20 0.20
400 3,350 34.94 26456 -—- --= -—-
500 7.040 43.16 29.C8 —— —— -
6CO 10.930 50.25 32.C3 --- -—- -——
700 14.940 56443 35.09 - --- -—
800 19.060 61.93 38.10 —-—— - -——
900 23.260 66.87 41.C3 —— - -—
1000 27,520 71.36 43,84 —— -—- —-——-
1100 31.810 T75.45 46453 ——— —— -
12¢0 36,130 79.21 49,10 -—- - -
1300 40.490 82.69 51.54 —-— -— -——
1400 44,890 85.96 53.90 —— —— ——
1500 49,340 89.0C3 56414 - —— -——
1600 53.840 91.93 58,28 —— -—- —-——
1700 58,370 94,67 60.33 — -—- -
1800 62.930 97.28 62.32 -—- —— -——
1900 674520 99.76 64,22 -— -—— ——
2000 T2.140 102.13 66.C6 -—- -— -—-
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR, KCAL
H -H KCAL MOLAR VOLUME 1.0411 CAL/BAR
298 0
TRANSITIONS IN REFERENCE STATE ELEMENTS
CHROMIUM..s M. P, 2130 DEG K.
MAGNESIUM.s. M. P. 922, B. P. 1363 DEG K.
REFERENCES 74 78 COMPILED

6-13-66




160 THERMODYNAMIC PROPERTIES OF MINERALS
MAGNESIOFERRITE GRAM FORMULA WEIGHT 200.004
ﬁ===‘===========k======_=============================== =SS ===S===T====
MgFe204 a crystals 298.15° to 665°K. f crystals 665° to 1230°K.
Y crystals 1230° to 2000°K.
FORMATION FROM THE ELEMENTS
TEMP, H -H S -(G -H ———— e ccea e e m——— e ———
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFN) (KCAL/GFHW)
298.15 0.000 29.60 29.¢0 -341.720 -315.112 230.983
UNCERTAINTY 0,20 0,20 0.440 0.450 0.330
400 3,860 40,70 31.05 -341.199 ~306.093 167.241
500 7.870 49.63 33,89 =340.640 -297.371 129.980
600 12.270 57.64 37.19 -339.876 -288, 780 105.188
665 15.600 62.91 39.45 ~338.961 ~-283. 284 93,100
665 15.600 62.91 39,45 -338.961 ~283,284% 93,100
700 17.190 65.24 40.68 -338,786 ~280.372 87.536
800 21.730 71.30 44.14 ~338.304 ~272.067 T4.325
900  26.270 76,65  4T.46  =338,103 __ -263.786____64.056
1000 30.810  81.43  50.62  -340,454 ___=255.346___ 55806
1100 35.350  85.76  53.62  =-341,132____-246.789____49.032
1200 39,890 89.71 56447 -341,408 ~238.230 43,387
1230 41.250 90.83 57.29 =341.,297 ~235, 637 41.869
1230 41,600 91.11 57.29 ~340,947 ~235,637 41,869
1300  44.630  93.51  59.18  -340,802_ ___=229.673____38.611
1400 49,000 96.75 61.75 =370.965 ~220.314 34,392
1500 53.520 99,87 64,19 -370.384 ~209, 565 30.533
1600 58.190  102.88 66,51  =-369.705_ ___=~198.865_ ___27.164
1700 63,000 105.80 68.74 -369.496 ~188,196 24,194
1800  67.960  108.63  70.87  -368,791 ___-177.528_ ___21.555
1900 73.060 111.39 72.94 -375.338 ~166.579 19.161
2000 78.300 114.C7 = T4.92 =374,495 ~155.595 17.003
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME 1. 0652 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

IRONeeeoees CURIE P. 1033, ALPHA=GAMMA 1184, GAMMA-DELTA 1665,

MAGNESIUM.. M.

P. DELTA 1809 DEG K.
Pe 922,

8. P. 1363 DEG K.

REFERENC

€S 74

18

93

COMPILED

5-06-67




PROPERTIES AT HIGH TEMP ERATURES 161

GEIKELITE GRAM FORMULA WEIGHT 120.210
t:zss=::t======:====s::=====a=======:== SIS =23 TESSSoS SIS SISSTITIE=ZR
MgTiO5: Crystals 298.15° to 2000°K.
FORMATION FROM THE ELEMENTS
TEMP. H =H S “{6 =H /T —ememeeccmmc e
T 298 T T 298 ENTHALPY  FREE ENERGY t0G K

DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)

298.15 0.000 17.82 17.82 -375.900 -354.790 260.067
UNCERTAINTY 0.10 0.10 0.270 0.280 0.205
400 2.500 25,01 18.76 -375.734 -347.596 189.917
500 5.130 30.87 20.61 -375.482 -340.592 148.872
600 7.900 35,92 22,15 -375.176 -333.641 121.528
700 10.790 40,37 24496 - =374,.836 -326.737 102.011
800 13.740 46,31 27.13 -374.518 -319. 894 87.391
900 16,750 47.85 29.24 =374,218___ =313.074___ 76.024
1000 19.800 51.07 31.27 376508 =308, 1307788305
1100 22.900 54,02  33.20  =375.810 ___-=299.135_ __ 59.432
1200 26,030 56.75 35.06 ~376.508 -252.158 53,209
1300 29.190 59.27 36.82 z316.136___ _-285.123 47,933
1400 32,390 61.67 38.53 =%06.104 =277.35% 43,297
1500 35.660 63,92 40.15 -405.410 -268.177 39,073
1600 39,010 66,08 41.70 -4064.669 -259.041 35.383
1700 424450 68,17 43.20 -403,871 -249.966 32.135
1800 45.980 70.19 44465 -403,019 -240,950 29.255
1900 49,600 72.15 46,04 =402.109 _ -231.979____26.684
2000 53.310 T14.05 47,39 =%054.833 =222.938 247381
MELTING POINT 1903 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H =-H 3.2550 KCAL MOLAR VOLUME  0.73757 CAL/BAR
298 ©

TRANSITIONS IN REFERENCE STATE ELEMENTS

MAGNESIUM.. M. P. 922y B. P. 1363 DEG K.
TITANIUM,.. ALPHA-BETA 1155, M. P. 1943 DEG K.

REFERENCES 74 18 80 COMPILED
4-29-67




162 THERMODYNAMIC PROPERTIES OF MINERALS

BROMARGYRITE GRAM FORMULA WEIGHT 187.779

Rz md N R T S I SN S S e S I SR E S E TSI I LTSS SIS S SSSSSTSSTSSTITISTSSTTS

AgBr: Crys;als 298.15° to melting point 703°K. Liquid 703° to

1000°K.
FORMATION FROM THE ELEMENTS
TEMP. H -H S =6 =H /T =m-m-e- -
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0,000 25,60  25.60 -23.990 -23.158  16.975
UNCERTAINTY 0.10 0.10 __0.300_ 0.310 0.227
400 1.355  29.50  26.11 -27.396 -22.152  12.103
500 2.840 32,81  27.13 -26.973 -20.890 9.131
600 4.480 35,79 28,32 ~26.417 -19.724 7.184
700 6.275.  38.56  29.60 -25.718 -18. 660 5.826
103 64330 IR 64 . 29,64 =25,691 =18. 630 5.792
703 8.520  41.76  29.64 -23.507 -18.630 5.792
800 9.970  43.68  31.22 -23.131 -17.978 4,911
900  11.460  45.43  32.70 -22.715 -17.348 4.213
1000 12.950  47.00  34.05 ~22.440 ~16. 765 3.664
MELTING POINT 703 DEG K BOILING POINT DEG K
HEAT OF FUSION 2.190 KCAL HEAT OF VAPOR. KCAL
H  -H KCAL MOLAR VOLUME  0.69290 CAL/BAR

298 0
TRANSITIONS IN REFERENCE STATE ELEMENTS

SILVEReeeee M. P, 1234 DEG K.
BROMINE.oes Bo P, 322,62 DEG K.

REFERENCES 74 18 158 COMPILED
‘ 158 6-13-66




PROPERTIES AT HIGH TEMP ERATURES

163

tHLORARGYRITE GRAM FORMULA WEIGHT 143,323
‘=======2====,=-‘%===‘.'========3==========8============== I ==sST=======
AgCl: Crystals 298.15° to melting point 728°K. Liquid 728° to
1000°K.
FCRMATION FROM THE ELEMENTS
TEMP. H =-H S -{G -H VT =eececcmccccacnee~ ———
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000 23,00 23.C0 -30.370 -26.242 19.236
UNCERTAINTY 0.10 0.10 0.300 0.310 0.227
400 1.320 26.81 23.51 -30.097 -24.873 13.590
500 2.720 29.93 24.49 =29.744 -23.607 10.319"
600 4.150 32.54 25.62 -29.388 -22.419 8.166
700 5.660 34.86 26,77 -28.967 -21.280 6.644
128 6$.080 35245 21.10 -28,838 -20. 970 6,295
728 9.160 39.68 27.10 -25.758 -20. 970 64295
800 10.310 41.19 28.30 -25.420 -20.522 5.606
9C0 11.910 43.07 29.84 -24,950 -19.931 4,840
1000 12.510 44.76 32.25 -25.502 -20. 404 44459
MELTING POINT 728 DEG K BOILING POINT DEG K
HEAT OF FUSION 3.080 KCAL: HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME 0.61489 CAL/BAR
298 0

TRANSITIONS IN REFERENCE

STATE ELEMENTS

SILVEReseee Me P. 1234 DEG K,
REFERENCES 74 78 158 COMPILED
158 10l © 5-06-67




164

THERMODYNAMKIPROPERHESOFNMNERA@S

HYDROPHILITE

tzzzdzzzskEs=ss==38

GRAM FORMULA WE IGHT 110.986

22T TR 2SR =SSR SSIS TSI SSTT SIS TSR TISTIITTISSTS

CaCl,: Crystals 298.15° to melting point 1055°K. Liquid 1055° to

1700°K.
FORMATION FRCM THE ELEMENTS
TEMP. -H s “(6 =H /T e-cmeeeem —
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) {CAL/DEG-GFW) {KCAL/GFNW)
298.15 0.000 27.20 27.20 -190.000 -179.255 131.397
UNCERTAINTY 0.30 0.30 0.150 0.180 0.132
400 1.850 32.53 27.90 -189.645 -175. 636 95.963
500 3.700 36466 29.26 -189.333 -172. 174 75.257
600 5.540 40,02 30.79 -189.087 -168.770 61.474
700 7.400 42.88 32.31 =188,870____=163.226____31.639
800 9.290 45.40 33.79 ~188.701 -162.056 44,272
900 11.230 47.69 35.21 ~188.481 =158, 740 38.547
1000 13.270 49.84 36.57 -188.235 -155. 449 33.973
055 4,420 96 «29 -188.090 -153, 650 31.829
1055 21,200 57.38 37.29 -181.310 -153. 650 31.829
1100 22,340 58.44 38.13 z181,022 __ _-152.476____30.29%
1200 244840 60.62 39.92 -182.182 ~149. 777 27.278
1300 27.320 62460 41.58 -181.344 -147.094 244729
1400 29.780 64.42 43.15 -180.528 -144.498 22.557
15C0 32.210 66,10 44,63 -179.744 -141.943° 20,681
1600 34,580 67.63 46,02 -179.022 -139, 459 19.049. ...
1700 36.860 69.01 47.33 ~178.391 -136.998 17.612
MELTING POINT 1055 DEG K BOILING POINT DEG K
HEAT OF FUSION 6.780 KCAL HEAT OF VAPOR. KCAL®
H -H KCAL MOLAR VOLUME 1.21295 CAL/BAR
298 0

TRANSITIONS IN REFERENCE

STATE ELEMENTS

CALCIUM.oes ALPHA-BETA 737, M, P. BETA 1123, B. P. 1756 DEG K.
REFERENCES 74 78 141 COMPILED
6-13-66




PROPERTIES AT HIGH TEMPERATURES 165

LAWRENCITE GRAM FORMULA WEIGHT 126.753

iR s TR E ST S S S S S ST S S S SIS IS S S SIS IS SIS SIS ITTTI/IIIIS=S

FeC12: Crystals 298,15° to melting point 950°K. Liquid 950° to

boiling point 1357°K. Ideal gas (monomer) 1347° to 1500°K.

e e e - —-— - - ————— - - - - - - - -

FCRMATION FROM THE ELEMENTS

TEMP. H -H S (R R A B ——————-
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298,15 0.000  28.19  28.19 -81.700 -72.273  52.971
UNCERTAINTY 0.50 0.50 0.120 0. 200 0.147
400 1.905  33.68  28.92 -81.275 -69.118  37.764
500 3.83¢  37.98  30.31 -80.874 -66.120 28,901
600 5.803  41.57  31.90 -80.504 -63.205  23.022
700 7.804 44,66 33,51 -80.171 -60.358  18.845
800 9.835  47.37  35.08 -79.896 -57.547  15.721
900  11.891  49.79  36.58 -19.710 -54.758  13.297
950 12.920  50.94 _ 37.34 -19.640 ~544620  12.566
950 23.200  61.76  37.34 =69.360 =54.620  12.566
1000 24.428  62.98  38.55 269,227 ___ 552,531 ___11.481
1100 26.870  65.31  40.88 -69.062 __ -50.867__ 10,106
1200 29.312  67.44 43,01 2%8.690 2390243 8983
1300  31.756  69.39  44.96 -67.970 ~47.656 8.012
1347 32.895 _ 70.24 __ 45.82 -67.630 -46. 910 7.611
1347 62.725  92.39  45.82  -37.800 ~%6.910 T.611
1400 63,479  92.99  47.65 -37.989 ~47.347 7.391
1500  65.060  94.04  50.67 -38.164 -47.943 6.985
MELTING POINT 95¢  DEG K BOILING POINT 1347  DEG K
HEAT OF FUSION  10.280 KCAL HEAT OF VAPOR. 29.830 KCAL
H o =H 3.8890 KCAL MOLAR VOLUME  0.94312 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

IRONsesesee CURIE P, 1033, ALPHA-GAMMA 1184, GAMMA-DELTA 1665,
M. P. DELTA 1809 DEG K. '

- o e e e - ———

REFERENCES 148 148 94 COMPILED
148 5-06-67
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166 THERMODYNAMIC PROPERTIES OF MINERALS

MOLYSITE GRAM FORMULA WEIGHT 162.206

L R L L

FeCla: Crystals 298.15° to melting point 577°K. Liquid 577° to

boiling point 605°K. Ideal gas (dimer) 605° to 700°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S -(G -H V/T  e==e=e- -
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 34,02 34.02 =95.460 -79.827 584515
UNCERTAINTY 0.60 0.60 0.200 0.270 0.198
400 2.475 4l.14 34.95 ~94.887 -74.569 40.743
500 5.165 47.13 36.80 -94,152 -69. 566 30.407
5171 7.373 51,22 38.44 -93.505 ~65.850 244942
577 17.673 69.07 38.44 -83.205 -65.850 24.942
600 18.406 70.34 39.66 ~82.944 -65. 144 23.729
605 18,566 70.58 39.89 ~82.890 -65.040 23,495
605 23.796 79.22 39.89 =77.660 -65.040 23.495
700 25.849 82.36 45.43 -77.608 -62.988 19.666
MELTING POINT 577 DEG K BOILING POINT 605 DEG K
HEAT OF FUSION 10.300 KCAL HEAT OF VAPOR. 5.230 KCAL
H -H 4.7100 KCAL MOLAR VOLUME 1.3828 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

IRONeeoeoso CURIE P, 1033, ALPHA-GAMMA 1184, GAMMA-DELTA 1665,
M. P. CELTA 1809 DEG K.

REFERENCES 148 148 94 COMPILED
148 5-06-67

- - - ————— - - - -




PROP ERTIES AT HIGH TEMP ERATURES 167

HYDROGEN CHLORIDE (IDEAL GAS) GRAM FNDRMULA WEIGHT 36.461

(I X E FE F T F P XX X3 X E F T T FF S SR L SR T E L R R L PR F R L E L R E R R F T F R L S R R 2 2 T ¥ )
HCl: Ideal gas 298.15° to 2000°K.

TEMP. H -H S -(G -H J/T memmeecccer e e cermc e e
. T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG~GFW) (KCAL/GFH)
298.15 0.000 44.€5 46,65 -22.062 -22. 777 16.696
UNCERTAINTY 0.Cl 0.Cl 0.150 0.160 0.117
400 0.710 46.69 44.92 -22.128 -23.012 12.573
500 1.408 48.25 45.44 ~22.206 -23.224 10.151
600 2.112 49.53 46.C1 -22.286 =-23.420 8.531
700 2.823 50.63 46.€0 ~22.365 ~23.602 7.369
800 3.546 51.60 47.16 ~22.438 =23.774 64495
900 4,281 52.46 47.71 -22.504 -23.937 5.813
1000 5.030 53.25 48,22 -22.561 =24.093 5.266
1100 5.793 53.98 48.71 -22.610 =24, 244 4.817
1200 6.569 54.65 49.18 ~22.651 ~-24.390 4.442
1300 T.356 55.28 49.63 ~22.687 -24.536 4.125
1400 8.156 55.88 50.05 -22.716 ~24.6175 3.852
1500 8.965 56.43 50446 =-22.743 -24.814 3.615
1600 9.783 56.96 50.85 -22.768 -24.952 3.408
1700 10.610 57.46 5l.22 -22.789 -25.087 3,225
1800 11.445 57.94 51.58 ~22.808 -25.223 3.062
1900 12.287 58.40 51.93 -22.825 =-25.355 2.916
2000 13.135 58.83 52.26 ~22.842 -25.488 2.785
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT CF VAPOR. KCAL
H -H 2.C650 KCAL MOLAR VOLUME 584.727 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 148 - 158 158 COMPILED
148 2-12-67
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168 THERMODYNAMIC PROPERTIES OF MINERALS

SYLVITE GRAM FORMULA WEIGHT T74.555

B2z SS RS S SZ S =SS S SC TS SSE SR =R =SS SSCSISSSSIXITSTII TS STTS=

KCl: Crystals 298,15° to melting point 1044°K. Liquid 1044° to
fictive boiling point 1750°K. Ideal gas (monomer) 1750° to

2000°K.
FORMATION FROM THE ELEMENTS
TEMP. H -H S -{G -H MW/ T —memcerrmscc et c e e e e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG~GFHW) (KCAL/GF W)
298.15 0.000 19.73 19.73 -104.370 -97.693 71.611
UNCERTAINTY 0.04 0.C4 0.200 0.210 0.154
400 1.272 23.40 20422 -104.847 -95.321 52.081
500 2.561 26.27 21.15 -104.728 =-92.950 40.628
600 3.889 | 28,69 22.21 =104.560 -90.608 33.004
700 5.254 30.80 23,29 -104.350 -88. 304 27.570
800 6.664 32.68 24.35 -104.095 ~86.,027 23.502
900 8.132 34.41 25.37 -103.784 -83.788 20.346
1000 9.681 36.04 26.36 -103.403 -81.585 17.830
ki <18 =122.242 -80, 614 16.876
1044 16.681 42.76 26.78 -115.960 -80.614 16.876
1100 17.665 43.68 2T.62 -115.505 =784 742 15.645
1200 19.424 45.21 29.02 ~114.693 =75, 435 13.739
1300 21.183 46.62 30.33 -113.882 -72. 200 12.138
1400 22942 47.92 31.53 -113.072 -69.018 10.774
1500 24.701 49.13 32.66 -112.263 -65.894 9,601
1600 26.460 50.27 33,73 -111.455 -62,837 8.583
1700 28.219 51.33 34,73 -110.648 -59,813 7.689
1750 29.099 51.85 35,22 ~110.245 -58.320 7.283
1750 664239 73.07 35,22 -73.105 -58.320 7.283
1800 66.703 73.33 36.27 -73.118 -57.911 7.031
1900 67.630 73.83 38,24 -73.147 ~57.063 6.564
2000 68.559 T74.30 40,02 -73.175 =-56.202 6.141
MELTING POINT 1044 DEG K BOILING POINT 1750 DEG K
HEAT OF FUSION 6.282 KCAL HEAT OF VAPOR. 37.140 KCAL
H -H 2.7170 KCAL MOLAR VOLUME 0.89685 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

POTASSIUM.. M. P. 336.4y B. P. 1043.7 DEG K.

REFERENCES 148 78 148 COMPILED
148 5-06-67




PROPERTIES AT HIGH TEMP ERATURES 169

CHLOROMAGNESITE GRAM FORMULA WE IGHT 95.218

E-csr3sscSEssSoro xS bE S-S =ST oSS ST IS IS S SS S CSESSSSITESIT I ITIIIIIZTZTITE

MgCl,: Crystals 298.15° to melting point 987°K. Liquid 987° to

boiling point 1710°K.

FORMATION FROM THE ELEMENTS

TEMP. H =-H s -6 -H /T -- -—— -
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)

298.15 0.000 21.42 21.42 -153.1350 -141.521 103.737
UNCERTAINTY 0.20 0.20 0.110 0.130 0.095
400 1.800 264,61 22.11 -153.016 -137.532 75.144
500 3.650 30.73 23.43 -152.658 -133.700 584440
600 5.555 34.21 24.95 -152,.288 -129. 945 47.332
700 7.480 37.17 264,49 -151.935° -126.244 39,415
800 9.420 39.76 27.99 -151.603 -122. 600 33.493
900 11.380 42,07 29.43 ~151.284_ ___-118.989_ __ 28.894
987 13,160 43,96 30,63 -153,09% =115, 748 25,630
987 23.460 54440 30.63 T =142.194 -115.748 25.630
1000 23.750 54,69 30.94 ~142.725 -115.391 25.219
1100 25.960 56.80 33,20 T =142.192 -112.680 22.387
1200 28.170 58.72 35.25 -141.662 -110.028 20.039
1300 30.380 60.49 37.12 =141.134_ ___-107.407___ 18,057
1400 32.590 62.12 38,84 =170.953 218379%% 16°23%
1500 34.800 63,65 40.45 " =170.146 -99,247 14.460
1600 37.010 65.08 41.95 -169,341 -94, 554 12.915
1700 39,220 66442 43,135 -168.537 -89.902 11.558
1710 39,440 66,56 43,50 . -168.457 -89, 440 11.431
1710 76.780 88.40 43,50 - -131,117 -89. 440 11.431

MELTING POINT 987 DEG K BOILING POINT 1710 DEG K
HEAT OF FUSION 10.300 KCAL HEAT OF VAPOR. 37.340 KCAL

H  -H 3.2910 KCAL MOLAR VOLUME  0.97538 CAL/BAR
298 ©

TRANSITIONS IN REFERENCE STATE ELEMENTS

MAGNESIUM.. M., P, 922, B. P. 1363 DEG K.

———— e e e W e A e e - - ———

RE#ERENCES 714 78 141 COMPILED
148 148 4=-15-67

e —- - ----- - - ————




170 THERMODYNAMIC PROPERTIES OF MINERALS

SCACCHITE GRAM FORMULA WEIGHT 125.844

= cdo eSS RIS N RS ST S S S S S S E S C IS S S I RS IS S S ST S SETIIIS IS

MnCl,: Crystals 298.15° to melting point 923°K. Liquid 923° to

1400°K.
FORMATION FROM THE ELEMENTS
TEMP. H -H S -{G -H T ~memmmm=— —
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)

298.15 0,000 28.26 28.26 ~-115.038 -105. 295 77.183
UNCERTAINTY 0.05 0.05 0,200 0.210 0.154
400 1.850 33,59 28496 ~114.723 -102.014 55,738
500 3,730 37.78 30.32 ~114,.391 -98,.872 43,217
600 54640 41.26 31.86 ~114.155 -95. 866 34,919
700 7.590 44,27 33.43 -113.788 -92.778 28.967
800 9.600 46.95 34.95 ~-113.484 -89.799 244532
900 11.680 49.40 36.42 -113.149 -86.856 21.091
923 12,170 49.94% 36.16 ~113.072 -86.186 20,407
923 21.140  59.66  36.76  =-104,102_____-86,186____20.407
1000 22.880 61.47 38.59 ~104.258 -84.712 18.514
1100 25.140 63,62 40.77. ~103.800 -82.767 16.444
1200 27.400 65459 42,76 ~103.345 ~80. 888 14.732
1300 29.660 67.40 44.58 =102.907_____ =79.03L____13.286
1400 31.920 69.07 46427 -1C3.056 -77.190 12,050
MELTING POINT 923 DEG K ROILING POINT DEG K
HEAT OF FUSION 8.970 KCAL HEAT OF VAPOR. KCAL
H -H 3.6020 KCAL MOLAR VOLUME ' 1.0064 CAL/BAR

298 0
TRANSITIONS IN REFERENCE STATE ELEMENTS

MANGANESE.. ALPHA-BETA 990, BETA-GAMMA 1360, GAMMA-DELTA 1410,
M. P. CELTA 1517 DEG K.

REFERENCES 74 21 94 COMPILED
2-12-67




PROPERTIES AT HIGH TEMP ERATURES

SALAMMONIAC GRAM FORMULA
=== IT=I==S

oA S E SIS IS SIS =SS SIS IISSTISTSIISTS

WE IGHT
=

NH4C1: a crystals (CaCl structure) 298.15° to 457.7°K.

B crystals (rock salt structure) 457.7° to 500°K.

171

53.491

FCRMATION FROM THE ELEMENTS

TEMP. H =-H s U6 ~H  M/T  mmmmmmemme
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K

DEG K (KCAL) {CAL/DEG=-GF W) (KCAL/GFW)
298.15 0.000 22,10 22.70 -75.180 -48.572 35.604
UNCERTAINTY 1.C0 1.C0 0.200 0.360 0.264
400 2.340 29.43 23.58 -75.031 -39,498 21.580
457.7  3.810 32.86 24,53 -74.945 -34. 260 16.359
457.7  4.750 34,91 24.53 -74,905 -34. 260 16.359
500 5.650 36.79 . 25.49 ~73.897 -30.733 13,433

MELTING POINT DEG K BOILING POINT DEG K

HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL

H  -H 5.425 KCAL MOLAR VOLUME  0.83795 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 148 148 148 COMPILED

158 158 4=-15-67

e e e e = = - - = - - -



172 THERMODYNAMIC PROPERTIES OF MINERALS

HALITE _GRAM FORMULA WE IGHT 58.443

223433 SES3CS SRR E TSI SN E S E NI IS S g S I3 IS TS TSI SIT TS TTSIT SIS

NaCl: Crystals 298.15° to melting point 1073.8°K. Liquid 1073.8°
to fictive boiling point 1791°K. 1Ideal gas (monomer) 1791°

to 2000°K.
' FCRMATION FROM THE ELEMENTS
TEMP. H -H S L AT ——omoee
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF ) (KCAL/GFW)

298,15 0.000  17.24  17.24 -98.260 -91.807  67.296
UNCERTAINTY 0.05 0.05 _0.300_______ 0,310 ____ 0,227
400 1.253  20.85  17.72 -98.785 -89.570  48.938
500 2.523  23.68  18.63 -98.683 -87.275  38.148
600 3.831  26.07  19.68 -98.530 -85.010  30.965
700 5.177  28.14 20474 -98.329 -82.771  25.842
800 6.568 30,00  21.79 -98.076 -80.567  22.010
900 8.015  31.70  22.79 -97.764 -78.392  19.036
1000 9.529  33.29 23,76 -97.387 -76.255 164666
1073.8 10,695 34,42  24.46 -97.060 ~74.710  15.206
1073.8 17.425 40,69  24.46 =90.330 =74.710  15.206
1100  17.854  41.10 24,87 =90.207_____ =74.354____14.773
1200 19.506  42.53  26.27 -112.945 S72.4697 13.198
1300  21.128  43.83  27.58 -112.271 -69.125  11.621
1400 22,735  45.02  28.78 -111.613 -65.830  10.277.
1500  24.336  46.13 29,91 -110.962 -62.591 9.119
1600  25.936  47.16  30.95 -110.313 -59.383 8.111
1700 27.536  48.13  31.93 -109.663 -56.218 7.227
1791 28,992 48,96  32.77 -109.075 -53,376 6.513
1791 68.377  70.95  32.77 . -69.690 -53.376 6.513
1800  68.460  71.C0  32.97 -69.692 -53.290 6.470
1900  69.384  T1.49  34.97 -69.721 -52.358 6.023
2000  70.309  71.97  36.82 69,751 -51.456 5.623

MELTING POINT  1073.8 DEG K BOILING POINT 1791  DEG K
HEAT OF FUSION 6.730 KCAL HEAT GF VAPOR. '39.385 KCAL
H  -H 2.5360 KCAL MOLAR VOLUME  0.64567 CAL/BAR

298 0
TRANSITIONS IN REFERENCE STATE ELEMENTS

SODIUMesees Mo P, 370.98, B. Po 1176.9 DEG K.

o o e e o e e - - - - -

REFERENCES 148 148 148 COMPILED
5-06-67




PROPERTIES AT HIGH TEMP ERATURES 173
COTUNNITE ‘ GRAM FORMULA WEIGHT 278.096

ha=st===h===g=qa=====::=a=============:.'.:=====s===========:=====a:=

Pbclzz Crystals 298.15° to melting point 768°K. Liquid 768° to

1000°K.
' FORMATION FROM THE ELEMENTS
TEMP. H -H S -G -H MT -- ——--
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K  (KCAL) (CAL/DEG-GFW) (KCAL/GF W)
298.15 0.000  32.50  32.50 -86.200 -75.366  55.244
UNCERTAINTY 0.50 0.50 0.070 0.170 0.125
400 1.920  38.04  33.24 -85.780 -71.731  39.192
500 3.830  42.30  34.64 -85.388 -68.264  29.838
600 5.890  46.05  36.23 84,890  -64.885  23.634
700 84040  49.36  37.87 <85.4917 777723103017 191D
768 9.505 _ 51.35 38,97 -85.140 -59,060 _ 16.807
768 15.205  58.77  38.97 =79.440 =59,060  16.807
800  16.060  59.85  39.78 -79.081 -58.220  15.905
900 18,780 63,05  42.18 -77.963 -55.675  13.520
1000  21.500  65.91  44.41 -76.843 -53,257  11.639
MELTING POINT 768 DEG K BOILING POINT DEG K
HEAT OF FUSION 5.700 KCAL HEAT OF VAPOR. KCAL
H ~H 4.C490 KCAL MOLAR VOLUME 1.1254 CAL/BAR

298 0
TRANSITIONS IN REFERENCE STATE ELEMENTS

LEADssesaes Mo P, 600.6, B. P. 2023 DEG K.

——— - - ——— ———————

REFERENCES 74 78 148 COMPILED
159 159 4-15-67

———— -




174 THERMODYNAMIC PROPERTIES OF MINERALS

FLUORITE GRAM FORMULA WE IGHT 78.077

I XSS ST oSS rE s SR RIS T 3ITISATITSISSS=STSSCTZTSSISTISITITISITSTISTT=S

Can: Crystals I 298.15° to transition point 1424°K. Crystals II

1424° to melting point 1691°K. Liquid 1691° to 2000°K.

...... i it e e g = = - - - - = " -

FORMATION FROM THE ELEMENTS

TEMP. H ~H S -(G ~H /T eeeecccccccccccerccsrsecccnaa
T 298 T T 2S8 ENTHALPY FREE ENERGY L0OG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298,15 0.000 16.46 16446 -290.300 =-277.799 203.631
UNCERTAINTY 0.08 0.08 0,400 0.410 0.301
400 1l.755 21452 17.13 -289.979 -273.575 149,474
500 3.540 25.50 18.42 -289.686 -269.512 117.803
600 5.400 28.89 19.89 -289,383 -265.506 96,710
700 7.320 31.85 21.29 289,079 __ _-261.550____ 81,659
8CO 9.280 34.47 22.87 -288.820 -257. 642 70.384
900 11.300 36.84 24,28 -288.506 -253.753 61.620
1000 13.380 39.04 25.66 -288.211 -249.915 54,619
1100 15.550  41.10  26.96  =287.893  -266.097 __ 48,895
1200 17.850 43,10 | 28.22 =289.2506" -242.178 44,106
1300 . 20,230 45.01 29.45 -288.513 -238, 281 40.059
1400 22.680 46.82 30.62 -287.710 -234.451 36,599
1424 23.280 47.25 30.90 -287.513 -233.542 35.843
1424 24.420 48.C5 30.90 -286.373 -233.542 35.843
1500 26.660 49.58 31.81 -285.381 -230.734 33.618
1600 29.620 51.49 32.98 -284.076 =22T7.146 31.027
1691 32.350 53.15 34.C2 -282.900 -223.990 28.949
1691 39.450 57.35 34.02 -275.800 -223.,990 28.949
1700 39,670 . 57.48  34.14 =275.684___ =223.667___ 28,754
1800 42,050 58.84 35.48 -311.245 -219.708 26.676
1900 44,440 60.13 36.74 -310.279 =214. 644 264.690
2000 46.830 61.36 37.94 -309.316 -209. 656 22.910
MELTING POINT 1691 DEG K BOILING POINT DEG K
HEAT OF FUSION 7.100 KCAL HEAT OF VAPOR. KCAL
H -H ) KCAL MCLAR VOLUME 0. 58657 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUM. ... ALPHA-BETA 737, M. P. BETA 1123, B. P. 1756 DEG K.

- - - - i - - —— -

REFERENCES 74 78 141 COMPILED
6-13-66




PROPERTIES AT HIGH TEMPERATURES 175

SELLAITE GRAM FORMULA WE IGHT 62.309

fTS S-S SE TSNS ST S =SS SIS SSISSSSSSSSSSISSSSSTISSSSSS=II=SSTISSSSSSTSTES

MgF2: Crystals 298.15° to melting point 1536°K. Liquid 1536° to

2000°K.
FCRMATION FRCM THE ELEMENTS
TEMP. H -H S -(G -H L g
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG~GFw) (KCAL/GFW)
298.15 0.000 13.68 13.¢68 -268.700 -256.008 187.658
UNCERTAINTY 0.C7 0.07 0.300 0.310 0.227
400 1.645 18.42 14.21 -268.,460 -251,708 137.526
500 3.320 22.15 15.51 -268.231 -247.547 108,202
600 5.080 25436 16.89 -26T.969 -243.432 B8.670
7C0 6.890 284,15 18.31 ~267.704 -239.363 74,732
800 8.720 30.60 19.70 -267.462 =235, 340 64.292
900 10.590  32.80  21.03  -267.219 __ -231.332____56.115
1000 12.510 34,82 22,31 -269.101 -227.185 49.651
1100 14.450 36.67 23.53 -268.833 -223.000 44,306
1200 16.430 38.39 24.70 -268,530 -218.854 39.859
1300 18.440  40.C0  25.82  =268.203 __ =214.721 __ 36.098
1400 20.460 41.50 26.89 -298.215 -209. 797 32.751
1500 22.490 42.90 27.91 -297.593 -203.501 29,650
1536 23,220 43.38 28426 -297.3175 -201. 240 284633
1536 37.120 52.43 28426 -283.475 -201.240 28.633
1600 38.560 53.34 29.24 ~-282.935 -197.818 27.021
1700 40.820 54,71 30.70 -282,090 -192.522 24.750
1800 43,080 56.C1 32.C8 -281.249 -187. 294 22.741
1900 45,340 57.23 33,27 -280.410 -182.095 20.946
2000 47.600 58.39 34,59 -279.574 ~176.942 19.335
'"MELTING POINT 1536 DEG K BOILING POINT 2630 DEG K
HEAT OF FUSION 13.900 KCAL HEAT OF VAPOR. 57.400 KCAL
H -H 2.3860 KCAL MOLAR VOLUME 0.46869 CAL/BAR

298 O
TRANSITIONS IN REFERENCE STATE ELEMENTS

MAGNESIUM.. M. P. 922, B. P, 1363 DEG K.

REFERENCES 74 78 : 142 COMPILED
148 6-13-66




176 THERMODYNAMIC PROPERTIES OF MINERALS
VILLIAUMITE GRAM FORMULA WE IGHT 41.988
E===ﬁ===g========§==================================== ZZITITTITT=IT===
NaF: Crystals 298.15° to melting point 1269°K. Liquid 1269° to
2000°K.
FORMATION FROM THE ELEMENTS
TEMP. H -H S -{G -H WT ==ee-- - ——— -
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) {CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000 12.25 12.26 -137.027 -129.812 95,154
UNCERTAINTY 0.C7 0.,C7 ___0.200_______ 0.210_____ 0.154
400 1.181 15.66 12.71 -137.594 -127. 307 69.557
500 2.396 18.37 13.58 -137.523 -124.742 544525
600 3.661 20.68 14.58 -137.395 -122.200 44,511
700 44976 22.70 15.59 -137.212 -119.678 37.365
800 64341 24,52 16.59 ~-136.975 -117.187 32.014
900 T.756 26.19 17.57 -136.688 ~114.733 27.861
1000 9.220 27.73 18.51 -136.356 -112.309 24.545
1100 10.733 29.18 19,42 -135.985_ __ -109.933___ 21,842
1200 12.296 30.54 20.29 -158.811 -107.125 19,510
1269 13.404 31.43 20.87 ~158.356 -104, 180 17.942
1269 21.324 37.67 20.87 -150.436 -104. 180 17,942
1300 21.847 38,10 21.29 -150.208 -103.056 17.325
1400 23.534 39.35 22.54 ~149.472 -99. 457 15.526
1500 25.220 40.51 23,70 -148.738 =95, 905 13.973
1600 264907 41.60 24.78 -148.006 -92.408 12.622
1700 28.593 42.62 25.80 -147.275 -88.951 11.435
1800 30.280 43.59 26.77 =146.546 -85.553 10.388
1900 31.967 44,50 27.68 -145.818 -82.179 9.453
2000 33,653 45436 28.53 -145.093 -78. 840 8.615
MELTING POINT 1269 DEG K BOILING POINT DEG K
HEAT OF FUSION 7.920 KCAL HEAT OF VAPOR. KCAL
H -H 2.0280 KCAL MOLAR VOLUME 0.35813 CAL/BAR
298 O
TRANSITIONS IN REFERENCE STATE ELEMENTS

SODIUMecoee Ms P, 370.98,

REFERENCES 148

Be.

Pe. 1176.9 DEG K.

18

COMPILED



PROPERTIES AT HIGH TEMPERATURES 177

CRYOLITE GRAM FORMULA WEIGHT 209.941

=S 2RSSO S SSE S SRS IS oSS SSS I SE S S3ISIISSSSISSIIT SIS TTSITITD

Na3A1F6:Crystals 298.15° to 1500°K. Cryolite dissociates above

1279°K presumably by the reaction Na3A1F6 = NaAlF4 + 2NaF.

FORMATION FROM THE ELEMENTS

TEMP., H -H S -6 -H M1 ~-- ——--
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) {KCAL/GFW)
298.15 0.000 56.98 56.98 -790.000 -750.695 550.273
UNCERTAINTY 0.40 0.40 ___2.000 2.010 1,473
400 5.538 72.92 59.08 -791.492 -737.283  402.832
500 11.454 86.10 63.19 ~790.851 -723.663  316.312
600 17.758 97.59 67.99 -789.865 -710.313 258,731
700 24.397 107.81 72.96 -788.582 -697.154 217.661
800 31.338 117,08 77.91 -787.041 -684.196 186,913
900 40.340 127.74 82.92 =783.499____-671.602 _ 163,087
1000 47.237 135,00 87.76 784,860 =653.087"""134.038
1100 54.478 141.90 92.37 =182.942_ ___-646.583__ 128.464
1200 62.065 148,50 96.78 -850.625 -632.899 115.266
1300 69.996 154,85 101.00 -847.652 -614.873  103.369
1400 78.268 160,97 105.07 -844.351 -597. 090 93,210
1500 86.881 166,91 108.99 -840.721 -579.550 84,440
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION 26,710 KCAL HEAT OF VAPOR. KCAL
H -H 9.106 KCAL MOLAR VOLUME  1.6924 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM... M. P. 933 DEG K.
SODIUMaceee Ma P. 370,98, Be Po 1176.9 DEG K.

REFERENCES 148 18 23 COMPILED
148 148 4-15-67




178 THERMODYNAMIC PROPERTIES OF MINERALS

TODARGYRITE GRAM FORMULA WEIGHT 234.774

=R eSS TSI SIS =SS Z =SS ISSSSCSSSSSSESE IS ST TSRS ETISSSTISSSS=SSS

AgI: Hexagonal crystals 298.15° to 423°K. Cubic crystals 423°

to 800°K.
FCRMATION FRCOM THE ELEMENTS
TEMP. H =-H s =G ~H  )/T =memmcmmm e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG=GFW) (KCAL/GFW)
298,15 0.000 27.60 27.€0 -14.780 -15.830 11.604
UNCERTAINTY 0.40 0.40 __0.400 0,420 0.308
400 1.450 31,77 28.14 =16.553 -16.137 8.817
423 1.810 32.64 28436 -16.730 -16.080 8.308
423 3.280 36.12 28.36 z15.260 -16,080 8.308
500 4,320 38.37 29.73 20.06% 2157835 6.922
600 5.670 40.84 31.39 -19.803 -15.024 5.472
700 7.020 42.91 32.88 -19.552 -14.234 4,444
800 8.370 44,71 34,25 -19.313 -13,.489 3.685
MELVING POINT 831 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME  0.98712 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SILVEReeees Me P. 1234 DEG K.
IODINEeseee Mo P. 386475, B. P. 458.39 DEG K.

REFERENCES 74 78 158 COMPILED
158 2-12-67




PROPERTIES AT HIGH TEMP ERATURES 179
COCCINITE GRAM FORMULA WEIGHT 454.399
===’===e============:======.=======================================
HgIzz Crystals I 298.15° 4o 403°K. Crystals II 403° to melting
point 523°K. Liquid 523° to 600°K.

——— - - ————

FCRMATION FROM THE ELEMENTS

TEMP., H -H S =16 =H M7 mmmmmmmom e e
T 298 T T 258 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF ) (KCAL/GFW)
298.15 0.000  42.40 42,40 -25.200 -24.148 17,701
UNCERTAINTY 1.50 1.50 __0.400_______ 0.610 ____ 0,447
400 1.885  47.84  43.13 -29.184 -23.634  12.913
403 1,940 47,98 43,17 -29.207 -23.570  12.782
%03 2,590 49.59  43.17 =28.557 =23.570  12.782
500 4,550  53.95 44,85 . -38.694 -21. 446 9.374
523 5,015  54.86 45,27 -38.587 -20. 685 8.644
523 9,515 63.46  45.27 =34.087 =20.685  8.644
600  11.440  66.90 47,83 -33,350 -18.733 6.824
MELTING POINT 522 DEG K ROTLING POINT 627  DEG K
HEAT OF FUSION 4,500 KCAL HEAT OF VAPOR. 14.141 KCAL
H o - KCAL MOLAR VOLUME  1.7170 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

MERCURY.ose Be P, €29.73 NEG K.
IODINEceeee Mo P, 3€6.75, B. P. 458.39 DEG K.

REFERENCES 74 18 141 COMPILED
148 4-10~67



180 THERMODYNAMIC PROPERTIES OF MINERALS
WITHERITE GRAM FORMULA WEIGHT 197.349
= 2d=cCE S S E IS S S S I s S I S S S S S =SS ST SEZT SIS T=T==
BaCO3: Orthorhomb}c crystals 298.15° to 1079°K. Tetragonal
crystals 1079° to 1241°K. Cubic crystals 1241° to 1600°K.
FORMATION FROM THE ELEMENTS
TEMP, -H S -{G -H /T -- ————
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) {KCAL/GFW)
298.15 v0.000 26.80 26480 -297.460 -278.359 204,042
UNCERTAINTY 0.50 0.50 0.870 0.930 0.682
400 2.300 33.41 27.66 -297.152 -271.871 148.543
500 4.730 38.83 29.37 -296.815 -265.591 116.090
600 7.330  43.56  31.34  =296.438 _ -259,377___ 94.418
700 10,080 47.80 33.40 -296.155 253,215 79.057
800 12,980 51.67 35.44 -295.684 -247.115 67.508
900 16,020 55.25 37.45 -295,195 __ -241.076 ___ 58,541
1000 19.190 58.59 39,40 2567481 ~235.058 517372
1079 21.790 61.09 40.90 -295.873 -230.213 46.629
1079 264280 65.25 40.90 -291.383 -230.213 46,629
1100 27.060 65.97 41.37 -291.143 -229.038 45,505
1200 30.760 69.19 43,56 -290.001 -223. 445 40,695
1241 32.270 70.42 44442 -289.552 ~-221.200 38.953
1241 33,000 71.01 44,42 -288.822 -221.200 38.953
1300 35.240 72.78 45.67 -288.,105 -217.982° 36.646
1400 39,040 75.59 47.70 ~286.907 -212.617 33.191
1500 42.840 78.21 49.65 -285.728 -207.361 30.212
1600 46.640 80.66 51.51 -284.56} -202.162 27.614
MELTING 5GINT DEG K BOILING POINT . DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR., KCAL
H -H KCAL MOLAR VOLUME 1.0948 CAL/BAR
298 0O

TRANSITIONS IN REFERENCE STATE ELEMENTS

BARIUM.cooe ALPHA-BETA 643, M. P,

REFERENCES.

74

BETA 983,

P. 1895 DEG K.

COMPILED

1-12-67



PROPERTIES AT HIGH TEMPERATURES 181

ARAGONITE GRAM FORMULA WEIGHT 100.089
&=z==2

2SR E SO IS ESSCSIS SRS RS SRS S S S S S e I RS R IR SIS S SIS S==S

CaCO3: Crystals 298.15° to 1000°K.

TEMP,. H =-H S -(G -H /T —eccccccreccc e e e ——e
T 298 T T 268 ENTHALPY FREE ENERGY LOG X
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 21.18 21.18 -288.651 -269.678 197.679
UNCERTAINTY 0.30 0,30 0.340 0. 350 0.257
400 2.130 27.31 21.98 -288.507 -263,214 143,813
500 4.440 32.45 23.57 -288.297 -256.913 112.296
600 6.900 36.93 25.43 -288,073 -250. 658 91.302
700 9.500  40.94  27.37  =287.830____=244.442____76.318
800 12.220 44,57 29.29 -287.601 -238. 264 65.090
900 15.060 47.91 31.18 -287.299 -232,109 56364
1000 18,000 51.01 33.01 -287.005 -225.992 49,390
MELTING POINT ' DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MCLAR VOLUME 0.81620 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUM.... ALPHA-BETA 737, M. P. BETA 1125. B. P. 1756 DEG K.

o e - = " = ——— = " " " o = =

REFERENCES" 74 78 43 COMPILED
100 8- 9-66



182 THERMODYNAMIC PROPERTIES OF MINERALS

CALCITE GRAM FORMULA WEIGHT 1n00.089

R R P R R R P T S L S SR

CaC03: Crystals 298.15° to 1400°K.

- = = " = - " " = - "~ - =

FORMATION FROM THE ELEMENTS

TEMP, H -H S -(G -H }/T —mmemrce— e c e e e e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) ({CAL/DEG-GFhw) {KCAL/GFW)
298.15 0.000 = 22.15 22.15 -288.592 -269.908 197.847
UNCERTAINTY 0620 0.20 0.320 0.330 0.242
400 2.220 28.53 22.58 -288.358 -263,553 143,998
500 4,610 33.86 24.¢4 ~288.068 -257.389 112.505
600 7.200 38.58 26458 -287.714 -251.289 91.532
700 9.890 4272 28.59 287,38l -245.239 __ 76.561
800 12,660 46.642 30.59 -287.102 =239, 245 65.358
900 15,500 49.76 32.54 -286.800 -233.275 56.647
1000 18.430 52.85 34,42 -286.516 -227.343 49.686
1100 21,450 55.73  36.23  =286,238___ -221,449 __ 43.998
1200 24.550 58442 37.96 -287.1706 -215.426 39.234
1300 27.619 60.87 39.¢€3 -287.211 -209.411 35.205
1400 30.790 63.22 41,23 -286.,632 -203.456 31.761
MELTING POINT DEG K 8CILING POINf DEG K
HEAT OF FUSION KCAL - HEAT OF VAPOR, KCAL
H -H KCAL MOLAR VOLUME 0.88274 CAL/BAR
298 O

TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUM.... ALPHA-BETA 737, ¥. P, BETA 1123, B. P. 1756 DEG K.

- o > o " T s o o " o e - = - - - — - - At = - -

REFERENCES 74 18 43 COMPILED
100 8- 9-66

-—- - - - -———— —mcme——--




PROPERTIES AT HIGH TEMPERATURES 183
DOLOMITE GRAM FORMULA WEIGHT 184.411
it 2 - E - R R R A A A R A A L R R b R R R R R S
CaMg(CO3)2: Crystals 298.15° to 1000°K.
FORMATION FRCM THE ELEMENTS
TEMP. H -H S -(6 -H J/T  secememcr e — e m— e e e me e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFHW) (KCAL/GFW)
298.15 0,000 37.C9 37.09 -557.613 -518.73¢4¢ 380.241
UNCERTAINTY 0.G67 0.C7 0.520 0.530 0.388
400 44150 49.C1 3B.€3 -557.406  =-505,468 276174
500 8.743 59.24 41.75 -556.968 -492.535 215.286
&éCO 13.752 68.37 45,45 -556.371 -479. 704 174.732
700 19.121  76.63 49,31 2555645 ___=466.972___ 145,795
800. 244797 84.21 53.21 -5%4.838 =454.,372 124.128
900  30.709  91.17  57.C5 =553.923____-441.860_ __107.298
1000 36.760 97.53 60.77 -555.182 -429. 246 93.816
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPCR. KCAL
H -H 6.210 KCAL MOLAR VOLUME 1.53776 CAL/BAR
298 0

TRANSITIONS IN REFERENCE

CALCIUM,ces ALPHA-BETA
MAGNESIUM.. M. P. 922,

STATE ELEMENTS

M. P. BETA 1123, B. P. 1756 DEG K.

1363 OEG K.

737,
B. P,

COMPILED
4=-29-67




184 THERMODYNAMIC PROPERTIES OF MINERALS

MAGNESITE GRAM FORMULA WE IGHT 84,321

-2 E- TS =Z =SS ERT=SSS SIS S S SCS XSS SITSSSSSSSSTISTSSTIIITEIIT

MgCO,: Crystals 298.15° to 1100°K.

.
FORMATION FROM THE ELEMENTS
TFMP, H =H S -{G ~-H V/T ~eemrrcccccrcccmen e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298,15 0,000 15.70 }5.70 -2€6.081 -246.112 180,405
UNCERTAINTY 0.20 0.20 0.320 0.330 0.242
400 2.028 21.52 16.45 -266.010 -239.293 130.743
500 4,301 26458 17.98 -265.791 -232.637 101.685
600 6.786 31.11 19.80 -265.483 -226.034 82.332
700 9.449 35.21 21,71 -265.106 -219. 485 684526
800 12,269 38,97 23,63 -264.664 -212.999 58.188
900 15.217  42.44  25.53  =264.175___ -206,564___ 50,160
1000 18.243 45.63 27.39 =265.812 -200.020 43,714
1100 21.308 48.55 29.18 -265.309 -193.458 38.436
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION : KCAL HEAT CF VAPOR. KCAL
H -H KCAL MCLAR VOLUME 0.66965 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

MAGNESIUM.. M. P. 922, B. P. 1363 DEG K.

o et e e e e e e - ————

REFERENCES 74 78 133 COMPILED
99 4-15-67




PROPERTIES AT HIGH TEMP ERATUR ES 185

RHODOCHROSITE GRAM FORMULA WEIGHT 114.947

MnCO3: Crystals 298.15° to 700°K.

FCRMATION FROM THE ELEMENTS

TEMP, H -H S {6 =H )T =meccemcmm—eaeae- ——————
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K

DEG K (KCAL) {CAL/DEG-GF W) (KCAL/GF W)
298.15 0.000 23.90 23.90 -212.521 -195.045  142.971
UNCERTAINTY 0.50 0.50 0.290 0.330 0.242
400 2.160 30.12 264.72 -212.387 -189.094 103.316
500 4,550 35.44 26.34 -212.107 -183.298 80.119
600 7.095 40.07 28.24 -211.878 -177.631 64,702
700 9.800 44,24 30.24 -211.470 -171.883 53,664

MELTING POINT DEG K BOILING POINT DEG K

HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL

H  -H KCAL MCLAR VOLUME  0.74266 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

MANGANESE.. ALPHA-BETA 990, BETA-GAMMA 1360, GAMMA-DELTA 1410,
M. P. CELTA 1517 DEG K.

REFERENCES 74 122 133 COMPILED
12-20-66




186 THERMODYNAMIC PROPERTIES OF MINERALS

STRONTIANITE GRAM FORMULA WEIGHT 147.629
‘2::‘33::::::3::3'—'3:’—::=:==========:=============== TEZ=EST S=SS=SsSTTST==S3I==
SrCO3: Orthorhombic crystals 298.15° to 1197°K. Hexagonal

crystals 1197° to 1500°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S [ T U B
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K  (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000  23.20  23.20 -294.581  -275.450  201.910
UNCERTAINTY 0.40 0.40 0.650 0. 670 0.491
400 2,270 29.72  24.C4 -294.307  -268.950 146,947
500 4.620 34,96 25,72 -294.052  -262.638  114.799
600 7.100  39.48  27.65 -293,793  -256.378  93.385
700 9.700  43.49 29,63 -293.535  -250.168  78.106
800  12.420  47.12  31.59 -293.251  ~243.9% 66,656
900 15.250 50.45 33,51 =2337159 7" =237.843 57,756
lo00  16.170  53.52  35.35 2292.893 __ _-231.702____50.638
1100 21.160  56.37  37.13 -294.917  -225.475  44.798
1197 24,110 _ 58.94 __ 38.80 -294.432 _ -219.364 40,052
1197  28.810  62.87 38,80 <289.732  -219.364  40.052
1200  28.920  62.96  38.86 -289.705  -219.189  39.920
1300  32.380  65.73 40,82 -288.819  -213.353 35,868
1400  35.840  68.29 42,69 -287.951  -207.571  32.403
1500  39.300  70.68 44,48 -287.102  -201.865  29.412
epmmrrcem—rr s cme e e ———— . .
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H o -H KCAL MCLAR VOLUME  0.93236 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

STRONTIUN.. ALPHA-GAMMA 862, M, P. GAMMA 1043, B. P. 1648 DEG K.

REFERENCES 74 18 4 COMPILED
98 1-12-67

- - -~ - . " = -~ - - - - - - - -



PROPERTIES AT HIGH TEMPERATURES 187

NITROBARITE GRAM FORMULA WEIGHT 261.350
fr=sd=z =TI SRS S SIS RES SIS SRS TS SCS2SECSSISSSSTSIISSITITTISEIZITS=S

Ba(N03)2: Crystals 298.15° to melting point 865°K.

- - - -~ - - -

FORMATION FROM THE ELEMENTS

TEMP, H -H S -(G -H /T meememrec e e e
T 298 T T 268 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW])
298.15 0.000 51.14 " 51.14 © =237.060 -190.066 139.322
UNCERTAINTY 0.20 0.20 0.500 0.590 0.432
400 3.960 62.53 52.63 -236.638 -174,063 95,103
500 8.410 T2.44 55.62 ~235.1762 -158.513 69,286
600 13.240  Bl.24  59.17  -234,621 _ -143.186 52,148
700 184460 89.28 62.91 -233.338 -128.014 39,968
8C0 24.070 96.76 66,67 -231.638 -113,080 30.892
MELTING POINT 86¢ DEG X BCILING POINT DEG K
HEAT OF.FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MCLAR VOLUME 1.9259 CAL/BAR
298 0O

TRANSITIONS IN REFERENCE STATE ELEMENTS

BARIUMeoeve ALPHA-BETA 643, M. P. BETA 983, B, P. 1895 DEG K,

REFERENCES 74 18 141 COMPILED
2-12-67




188 THERMODYNAMIC PROPERTIES OF MINERALS

NITER GRAM FORMULA WEIGHT 101.107

£ S S SE S S EE E AT I S S I I EEN E S S S S S S S S S I S S T S S S S IR SIS S E ST S I ITSSS SIS

KNO4: Orthorhombic crystals 298.15° to 401°K. Rhombohedral

crystals 401° to melting point 610°K. Liquid 610° to 700°K.,

= = " =~ - - -~ —— -

FORMATION FRCM THE ELEMENTS

TEMP. H -H S -(G6 -H WT ~memmee ——
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 31.81 31.81 ~117.760 -93,893 68.826
UNCERTAINTY 0.15 0.15 0.300 0.310 0.227
400 2.490 38.98 32.75 ~118.038 -85.,675 46.810
401 2.520 39.C5 32.76 ~118.030 ~85.600 46.654
401 3.920 42.5% 32.76 ~116.630 -85, 600 46.654
500 6.780 48.92 35.36 ~115.939 -78.011 34.098
6C0 9.660 54.17 38.C7 ~115.273 ~70.4836 25.675
610 9.970 54.68 384726 ~115.210 =69.730 24.983
610 12.770 59.26 38436 ~112.797 -69.730 24.983
700 15.013 62.64 41.19 ~112.167 -63.421 19.801
MELTING POINT 61C DEG K RCILING POINT DEG K
HEAT OF FUSION 2.413 KCAL HEAT CF VAPOR, KCAL
H -H KCAL MOLAR VOLUME 1.1481 CAL/BAR
298 ©

TRANSITIONS IN REFERENCE STATE ELEMENTS

POTASSIUM.. M. P. 236.4y Be P. 1043,7 DEG K.

REFERENCES 74 78 141 COMPILED
6-13-66



PROPERTIES AT HIGH TEMPERATURES 189

AMMONIA=NITER GRAM FORMULA WE IGHT 80.043

¥ EE3II S SIS ST SRS CSSSSSSSSEII TSI SISASSSSISS=S

E=ss=g===k

NH4N03: Ammonia-niter undergoes phase changes at 305.3°, 357.4°,

398.4°K. It melts at 442.8°K.

: FORMATION FROM THE ELEMENTS
TEMP. H -H S -{G ~H LA B -

T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) {KCAL/GFW)
298.15 0.000 36.11 36,711 -87.373 ~43,971 32.232
UNCERTAINTY 0.05 0.05 0.200 0.210 0.154
400 44900 49.94 37.69 -85.683 -29.284 16.000
500 10.360 62,20 41.48 -83.420 -15.486 6.769
MELTING POINT 442.8 DEG K BOILING POINT DEG K
HEAT OF FUSION 1.300 KCAL HEAT CF VAPOR, KCAL
H ~H KCAL MOLAR VOLUME  1.1111 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

REFERENCES 74 158 158 COMPILED
' 6-13-66



190 THERMODYNAMIC PROPERTIES OF MINERALS

SODANITER GRAM FORMULA WE IGHT 84.995
TS 2 =S E TS TS SST=SIS TS SSSSTSSSSSIZCCSESTSSSETTTTIDTSTSTITTIIIISTTIITTSSSI
NaNo3: a crystals 298.15° to 549.2°K. B crystals 549.2° to

579.2°K. Ligquid 579.2° to 700°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S =16 =H /T mmmmmmmmem e
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GF W)
298.15 0.000  27.85  27.85 -111.540 -87.459  64.109

UNCERTAINTY 0.10 0.0 __0.300 0.310 | 0.227
400 2.495  35.C1  28.77 -111.842 -79.221  43.284
500 5.575  41.86  30.71 -110.951 -71.158  31.103
549.2  7.260 45,07 31.86 -111.830 -67.000 _ 26.624
549.2 8.070  46.55  31.86 -111.020 -67.000  26.624
579.2  9.140 48,44  32.66 -109.132 -64.920  24.496
5792 12.832  54.81  32.66 ~105.440 -64.920  24.496
600  13.598  56.C8 33,42 -105.137 -63.500  23.130
700 17.298  61.78  37.07 -103.674 -56.675 17,695

MELTING POINT 579.2 DEG K BOILING POINT DEG K

MEAT OF FUSION 3.692 KCAL HEAT OF VAPOR. KCAL

H  -H KCAL MOLAR VOLUME  0.89866 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SODIUM.ceee Mo P. 370.98, Be P. 1176.9 DEG K.

REFERENCES 74 78 141 COMPILED
6=-13-66
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PROP ERTIES AT HIGH TEMP ERATURES 191

BARITE GRAM FORMULA WEIGHY 233,402

t===t======='—'==_===========================:=========== S=S=S=SsS=S=======
BaSO,: Crystals 298.15° to 1300°K.

- - — - = — = = = — -

FCRMATINN FRCM THE ELEMENTS

TEMP, H =H S -(G6 -H J/IT eececrecccccccrccccnrccnccne-
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) {KCAL/GFW)
298.15 0,000 31.60 31.60 -352,131  -325.300 238.451
UNCERTAINTY 0.20 0.20 ___2.030_ 2.000 1.466
400 2.700  39.37 32,62 -352.644  -316.108  172.713
500 5.700  46.C6  34.€6 -352.723 -306.965 134,174
6C0 8.800  51.71 37.C4 -352,701 __ -297.812 __ 108.478
760 12.000 56.63 39,49 2382,132° 70057880684 1" 35,113
800 15.200 60,91  41.51 2365.726 76.689
900  18.400  64.67 44,23 -365.435____=270.104____ 65,590
1000  21.600 68,05  46.45 2367.040 T T7259.4987 56,713
1100 24.900  71.19  48.55 <366.611  -248.756  49.423
1200  28.300  T74.15  50.57 -366.101 -238.068  43.358
1300 31.800 76,95  52.49 -365.510  =227.420 38,233
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H  -H KCAL MOLAR VOLUME  1.2452 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

BARIUMseoee ALPHA-BETA 643, M. P, BETA 983, 8. P. 1895 DEG K.
SULFURessese ORTHO-MONO 368,54y Me P. MONO 388.36,
Be P. 717.75 DEG K.

- - = = " e - - - - - - - - = - - - - -

REFERENCES 74 78 73 COMPILED
135 4-10-67
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192 THERMODYNAMIC PROPERTIES OF MINERALS

ANHYDRITE GRAM FORMULA WEIGHT 136.142

E=Zz=EScSSEsEr S 2SS SSSSIS=SSSSS=S SIS TSRS SSSSSESI=S= ST ISIIIII=====s

CaS0,: Crystals 298.15° to 1400°K.

4
' FORMATION FROM THE ELEMENTS
TEMP. H =H S =B "H  M/T e e
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GF¥)

298.15 0,000  25.50  25.50 -343.321  -316.475 231,982
UNCERTAINTY 0.40 0.40 __l.010 ____ ] 1.000 ¢ 0.733
- 400 24600 32,99  26.49 -343.928  -307.268  167.883

500 5.200  38.78  28.38 -344.414  -298.046  130.275

600 8.050  43.97  30.55 -344,655  -28B.746  105.175

700 11.250  48.90  32.83 =344,576 __ -279.431 ___87.242

800  14.850  53.70  35.14 S357.232  -271.369  T4.134

900  18.800 58435  37.46 ~356.178  -260.694  63.305
1000  22.850  62.61  39.76 -355.123  -250.131  54.666
1100 27.000  66.57  42.02 -354.0564 ___ -239,697 __ 47.623
1200 31.300  70.31  44.23 354506564 T S229.213 T 41,745
1300 35.800  73.91  46.37 -353,053  -218.811  36.785
1400  40.500  T77.39  48.46 -351.268  -208.560  32.558
MELTING POINT 1723  DEG K BOILING POINT DEG K
HEAT OF FUSION 6.700 KCAL HEAT OF VAPOR, KCAL
H =H KCAL MOLAR VOLUME  1.0979 CAL/BAR

298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUM.... ALPHA-BETA 737, M., P. BETA 1123, B. P, 1756 DEG K.
SULFURe¢eee ORTHO-MCNO 368B.54y M. P. MONO 388.36,
Bs Pe 717.75 DEG K.

REFERENCES 74 18 135 COMPILED
29 4-15-617




PROP ERTIES AT HIGH TEMP ERATURES

193

ARCANITE GRAM FORMULA WEIGHT 174,266
g:==.=:==============:::::::::::::::::::::::==3======é=============
K_SO : Orthorhombic crystals (a) 298.15° to 856°K. Hexagonal
2 crystals (B) 856° to melting point 1342°K. Liaquid 1342°
to 1700°K.
FORMATION FROM THE ELEMENTS
TEMP. H -H S -{G -H L A I sttt
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 42.00 42.C0 =343,481 -315,290 231.113
UNCERTAINTY 0.40 0.40 0.620 0. 600 0.440
400 3.410 51.82 43,29 =345.282 -305,402 166.863
500 7.150 60.15 45.85 =345.429 -295.408 129,122
6C0 11.120 67.38 48.85 =345,277 -285.,410 103.960
700 15.390  73.95  51.56  =344.795___ =275.461 __ 86,003
800 20.100 80.24 55.11 -356.930 ~266., 840 72.897
856 22,780 83.48 56487 -356.250 -260. 540 66.520
856 24.920 85.98 56.87 -354.110 =260.540 66.520
900 264920 88.25 58,34 =353.600 =2554 757 62.106
1000 31.600  93.18  61.58  =352.457___ -244,945___ 53.533
1100 36.320 97.77 64,75 -389.132 -232,304 46.154
1200 41.220 102.04 67.¢€9 -387.366 -218.130 39.727
1300 464260 106.C6 T70.48 -385.479 -204.086 34.310
1342 48.410 107.70 71.63 ~-384.660 -198.260 32.287
1342 5F.470 114.45 71.63 -375.600 ~198. 260 32.287
1400 60.240 116.46 73.43 -374.668 -190.593 29.753
1500 65.020 119.77 76.42 -373.072 -177.520 25.865
1600 69.800 122.85 79.22 ~371.488 -164.525 22.473
1700 74.580 125.74 81.87 -369.917 -151. 627 19.493
MELTING POINT 1342 DEG K BOILING POINT DEG K
HEAT OF FUSION 9,060 KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME 1.5654 CAL/BAR

TRANSITIONS IN REFERENCE STATE ELEMENTS

POTASSIUM.., Ms P. 336.4, Be P. 1043.7 DEG K,
SULFURseees ORTHO-MCNO 368,54y M. P. MONO 388,36,
Be Pe 717.75 DEG K.

" 4 e e = e L - = - -

REFERENCES 74 8 73

COMPILED
2-12-67

- ——- ——— - ————---—— ————




194 THERMODYNAMIC PROPERTIES OF MINERALS

ALUNITE

GRAM FORMULA WEIGHT B828.440

o sd I E oSS S S S S S SS S CSS S SRS S SSSCE S SCSSSSSSSSTZ 2R TS SSSS SIS TSSSTSSS=S=

K2A16(OH)12(SO4)4: Crystals 298.15° to 700°K,

- - - -~

FCRMATION FRCOM THE ELEMENTS

TEMP. H =M LI (R ¥ B e
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
298.15 0.000 156.80 156.€0 - -— -—
UNCERTAINTY 0.90 0.90
400  22.050 219.99  164.86 --- -—- ---
500  47.500 276.70 181.70 --- - -
600  74.100 325.19  201.69 - -— ---
700  101.100 366.64  222.21 --- --- ---
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR, KCAL
H o -H KCAL MGLAR VOLUME  7.0172 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM, ., M.
POTASSIUM.. M.

B. P.

P. 933 DEG K.
Pe 336.4, R. P, 1043.7 DEG K.
SULFUReeeee ORTHO-MONO 368.54y Me P. MONC 388.3%,

717.75 DEG K.

- - -~ " - - Y - -

REFERENCES 74

78

COMPILED
4-15-67




MASCAGNITE

PROPERTIES AT HIGH TEMP ERATURES 195

GRAM FORMULA WEIGHT 132.139

A2 I S =SS S S SCSI SIS SIS ISR SSSTSESSSSESSS=SSRSTT IS IIZTTTSII=ITSS

(NH4)ZSO4: Crystals 298.15° to 600°K.

(CAL/DEG-GFhw)

TEMP, H -H
T 298
DEG K (KCAL)
298.15 0.000
UNCERTAINTY
400 44970

5C0 10.340
600 16.590

ENTHALPY FREE ENERGY LOG K
(KCAL/GFW)

-282.230 -215.565 158.013
0.300 0.320 0.235

~-283.355 -192.676 105,273
-283.885 -169.937 74.279
-283.513 ~147.166 53.605

- - - - — ——— - " = - = - —_—

MELTING POINT
HEAT OF FUSION

H =-H
298 O

BCILING POINT DEG K
HEAT OF VAPOR. KCAL

MOLAR VOLUME 1.7848 CAL/BAR

TRANSITIONS IN REFERENCE STATE ELEMENTS

SULFUReeeee CORTHO-MONO 36Be54y M. P. MONO 388,36,

8. P, 717.75 DEG K.

REFERENCES 74

158 COMPILED
6~13-66

- - - - - > - " = = = - > - = - = - = - -



196 THERMODYNAMIC PROPERTIES OF MINERALS
THENARDITE GRAM FORMULA WEIGHT 142.041

NayS0,: Orthorhombic crystals (V) 298.15° to 450°K. Orthorhombic
crystals (III) 450° to 514°K. Hexagonal crystals (I)
514° to 1157°K. Liquid 1157° to 1800°K.

- o e .  ——_———— — —— — - - — - - - -

FORMATION FROM THE ELEMENTS

TEMP. H =H S (6 =H  )/T = e
T 298 T T 298 ENTHALPY . FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFw) (KCAL/GFW)
298.15 0.000 35.73 35,73 -331.528 -303.400 222.398
UNCERTAINTY 0.C7 0.C7 __0.410 0. 400 0.293
400 3.520 45,86 37.C6 -333,277 -293.674 160.456
450 5.370 50,22 38,29 -333,280 -288.760  140.241
450 6.110 51.86 38.29 <332,.540 =288, 160 140,241
5C0 8.130 56412 39.86 -232,.550 -283.844 124,068
514 8.720 57,28 40432 -322.500 -282.440 120.092
514 10.400 60,55 40,32 -330.820 =282, 440 120.092
600 13.820 66,70 . 43,67 -330.668 ~274. 401 99.950
700 18.000- 73.14 47.43 -330.256 -265.055 82.754
800 22.340 78.93 51.C0 23%2.7277 7T T2256.993 705207
900 26.860 84.25 54,41 -341,653 -246.337 59.819
1000 31.590 89.23 57.64 -340.398 -235.808 51.536
1100 36.570 93,98 60.73 -338,.931 -225.430 44,789
1157 39,470 96.55 62,44 -338.000 -219. 480 41.458
1157 45.140 101,45 62,44 332,330 ___-219.480 __ 41.458
1200 47.170  103.17 63.86 =378.351 =21%4.467 39,060
1300 51.880 106.S4 67.03 -376,794 -200.872 33.769
1400 56,600 110.44 70.01 -375.243 -187.402 29.25%
1500 61.320 113,70 72.82 -373.707 -174.045 25.358
16C0 66.040 116,74 715.46 -372.183 -160.772 21.960
1700 70.760 119.60 77.98 -370.668 -147.601 18.975
1800 75.470  122.29 80.26 -169,180 -134,519 16.333
MELTING POINT 1157 DEG K BOILING POINT DEG K
HFAT OF FUSION 5.670 KCAL HEAT OF VAPOR, KCAL
H -H KCAL MCLAR VOLUME  1.2746 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SODIUMeeeee Mo Po 270.98y Be Po 1176.9 DEG Ko
SULFUR.seee ORTHO-MCNO 368,54y M. P. MONO 388.36,
Bs P. T17.75 DEG K.

REFERENCES 74 8 73 COMPILED.
135 4=15-67

= = = = = = = - = = " =



PROPERTIES AT HIGH TEMP ERATURES 197

ANGLESITE GRAM FORMULA WEIGHT 303.252

A=A E SRS g E S =S SIS S S SSECESSSSSSS TSI SSSSSSS SIS SSSITSIII IS

PbSO4: Crystals 298.15° to 1100°K.

e > = - ——— - - - - - - - - -

FCRMATION FROM THE ELEMENTS

TEMP. H -H S -{G -H 1/T —==—mmerecrmc e s e e e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW%) (KCAL/GFW)
298.15 0.000 35.51 35.51 -219.891 -194.360 142.469
UNCERTAINTY 0.C7 0.07 0.260 0. 250 0.183
400 2.580 42495 36.50 -220.523 -185.603 101.408
500 5300 49.01 38,41 -220.869 -176.831 T7.293
600  8.220  54.33  40.63  -221,008 168,009 __ 61.197
700 11,360 59.16 42,93 Z222,0970007=138.982.00749.838
800 14.870 63.84 45,25 =23%.732 -151.20% 41.307
900 18.700 68.35 47,57 -2323,680 -140. 824 34.197
1000 22.800 T2.¢7 49,87 -232.381 -130.579 28.538
1100 27.050 T6.72 52.13 -230.951 -120. 477 23.936
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT CF VAPOR. KCAL
H -H 4.7950 KCAL MCLAR VOLUME 1. 1460 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

LEADsceseoe Ms Po 6G0.6, Be P. 2023 CEG K.
SULFURseeee CRTHO-MCNO 368,54, M. P. MONO 388,36,
B. Py T17.75 DEG K.

s B o e s S = e = - — - -

REFERENCES 74 41 159 COMPILED
2-12-67



198 THERMODYNAMIC PROPERTIES OF MINERALS

ZINKOSITE GRAM FORMULA WEIGHT 161.432

AR TS S S s TS S S S TS ST S S E S P S TS E I E S S S S S S S S S S S S2 == S=SS=SSSSS===s=S

ZnSO,: Crystals 298.15° to 1000°K.

4t
e e mmmmmm e emeem—mm— e emae mmmmme e
FORMATION FRCM THE ELEMENTS
TEMP. H -H S =16 =H  )/T —emeemmmmmeeeoeee -
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000 26,40  26.40 -233.600  -207.022 151.751
UNCERTAINTY 0.30 0.20 0,200 0.230 _ 0.169
400 2,520 33,66  27.36 -234.267  -197.903  108.129
500 5.120  39.45  29.21 -234,708  -188.750  82.502
600 T.870  44.46  31.34 -236,994  -179.535 _ 65.395
700 10.920  49.16  33.56 -236.760 """ =170.271°"""53. 161
8OO  14.220  53.56  35.78 =249.%31 162,000  44.256
900  17.770  57.74  38.00 -248.897  -151.082  36.688
1000  21.620  61.79  40.17 -247.892  -140.260  30.654
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H  -H KCAL MOLAR VOLUME  0.99355 CAL/BAR
298 0

T

TRANSITIONS IN REFERENCE STATE ELEMENTS

SULFUR.eese ORTHO-MONO 36B8.54s M. P. MONO 388,36,
Be Po 717.75 DEG K.
ZINCeeoooee Me Po 692.7y Be P. 1184 DEG K.

REFERENCES 74 170 3 COMPILED
135 4-15-67




PROPERTIES AT HIGH TEMP ERATURES 199

WHITLOCKITE GRAM FORMULA WEIGHT 310.183
*:::3:_::::::::=========================================:===========
Ca;(PO4),: Rhombohedral crystals 298.15° to 1373°K. Monoclinic

crystals 1373° to 1600°K.

FCRMATION FROM THE ELEMENTS

TEMP., H -=H S -(G ~H A D D atadatda Db
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K |KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 57.58 57.58 -986.200 ~932,785 683,748
UNCERTAINTY 0.20 0.20 0.500 0.520 . 0.381
400 6.000 74,85 59,85 -986.130 ~-914.532 499,676
S00 12.300 88.89 64.29 -985,.,951 ~896. 660 391,929
600 19.100 101.28 69,45 -985.548 ~878.842 320,117
700 26.400 112,52  T4.81  =984.921 ___=861.098___268.846
800 34,050 122,73 80.17 -1025.134 ~854,086 233.325
900 42,050 132.14 85.42 -1023.752 ~832.768 202.223
1000 50600 141,15 90,55 ~-1022.088 ~811.632 177.382
1100 59.600 149.72  95.54  =1020:206____=790.689___157.095
1200 69.000 157.90 100,40 -1023.364 ~769.511 140.147
1300 78.800 165.74 105.12 -1020.100 ~748.452 125.826
1373 864,200 171,28 108.50 -1017.520 ~733,320 116,728
13723 89.900 173.97 108.50 -1013.820 -733,320 116.728
1400 92.000 175.48 109.77 -1013.466 ~727.782 113,612
1500 99,900 180.93 114.23 -1012.162 -707.377 103.064
1600 107.800 186.03 118,65 -1010.884 ~687. 140 . 93,859
MELTING POINT DEG K BCILING POINT DEG K
HEAT COF FUSION KCAL HEAT OF VAPOR, KCAL
H -H KCAL MOLAR VOLUME 203331 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUMeses ALPHA-BETA 737, M. P. BETA 1123, B. P, 1756 DEG K.
PHOSPHORUS. SUBLIMES 704 DEG K.

REFERENCES 74 78 141 COMPILED
© 4=10-67

- - - - - - - -~ ——




200 THERMODYNAMIC PROPERTIES OF MINERALS

HYDROXYLAPATITE GRAM FORMULA WE IGHT 502,322

CaS(PO4)3OH: Crystals 298.15° to 1500°K.

e o e o e = = . - " -

FORMATION FROM THE ELEMENTS

TEMP, H =-H S -{G ~H J/T wememccccccccc e e c e
T 298 T T 268 ENTHALPY FRZE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 93.30 93,20 -3215.000 -3123,504 2289.584
UNCERTAINTY 0.40 0.40 3.000 3,010 24206
400 10.170 121.20 95.77 -3214.765 -3091., 707 1689.226
5C0 21.345 147.30 104,61 -3213.829 ~3061.658 1338,246
600 33,000 168.60 113.60 -3212.860 -3031.356 1104.167
700 45,005 187.C0 122,71  =3211.987__ -3001,100___936.983
8¢C0 57.355 203.60 131,91 -3272.601 -2987. 065 816.026
900 70.045 218.40 140,57 -3271.C16 -2951..322 T16.677
1000 83.065 232.20 149.13 -3269.547 ~-2915.950 637.279
1100 96.390  249.40  161.77  =3268.162 __-2885,641 _ 573,322
1200 110.025 256.80 165,11 -3275.535 -2844,893 518.124
1300 123.945 267.90 172.56 -3272.589 -2809.019 472.238
1400 138.140 2784+40 179.73 =-3269.422 -2773.512 432,963
15C0 152.590 288,40 186.€7 =-3266.055 -2738.179 398,951
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT QOF VAPOR. KCAL
H -H 15.255 KCAL MOLAR VOLUME 3.8145 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUM.¢ss ALPHA-BETA 737, ¥, P. BETA 1123, B. P, 1756 DEG K.
PHOSPHORUS. SUBLIMES 704 DEG K.

= - > - - - - - - " - - - -

REFERENCES 74 78 97 COMPILED
11-29-66

- - - - " o - - = " o8 s o e e A > o



PROPERTIES AT HIGH TEMP ERATURES 201

FLUORAPATITE CRAM FORMULA WEIGHT 504.313

A TS === 3TCSEZ=I=I =SS SSISSSSSSSSESSCSSISSSSSSISEZISSSSSSSSTSTSST

Ca5(P04)3F: Crystals 298.15° to 1600°K.

o e e e e e S o e - - - — -

FORMATION FROM THE ELEMENTS

TEMPe H =H S -{G -H VJ/T =cecmmccccccmvecc o
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFHW)
298.15 0.000 92.70 92.70 -— - -—
UNCERTAINTY 0.40 0.40
400 10.050 121.45 96.22 - i -——
500 20.850 150.15 10B8.45 - - -—-
600 32.030 165.65 112.27 -—- - -
7C0 43.245 183.35 121.57 -—- - -
8C0 55.395 199.80 130.56 - - ——
9C0 67.825 214.C5 138.69 - - -—
1000 79.855 227.C0 147.14 - - -
11C0 92.860 239.20 154.78 - - -
1200 105.570 200.20 112.22 - - -—-
13¢0 118.655 260,65 169.28 T me— - -
1400 131.905 270.35 176.13 - -— -—-
1500 145.065 279.40 182.69 ——- -—- -
1600 157.500 287.50 139.C6 -— - -
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H 15.170 KCAL MCLAR VOLUME 3.7657 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUMs ..o ALPHA-BETA 737, V. P, BETA 1123, B. P. 1756 DEG K.
PHOSPHORUS. SUBLIMES 704 DEG K.

REFERENCES 74 78 COMPILED
6-13-66

e e 0 e o - - —_— = - - -



202 THERMODYNAMIC PROPERTIES OF MINERALS
KYANITE GRAM FORMULA WEIGHT 162.046

=TSSR E TS SIS IS CSSR SIS IS SSCSSSSISSCS TR ST ESSSIS=SSZT ISSSSITIIIIITSS

Alzsios: Crystals 298,.15° ‘to 1800°K.

TEMP. H =H S T U
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K {KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000  20.02  20.02 ~€19.930  -584.000 428.082
UNCERTAINTY 0.08 0.08 0.540 0.550 0.403
400 34320 29.55  21.25 -620.156  -571.894  312.467
500 7.080 37,93 23,77 -620.031  -559.569  244.587
600  11.170  45.38  26.76 -619.719  -547.506  199.428
700 15.460  51.99  29.90 -619.335  -535.500 167.190
800  19.900  57.91  33.03 -618.930  -523.547 143,026
900  24.450  63.27  36.10 =618,559 __ -511.648 __ 124.245
1000  29.090  68.16  39.07 S623.282 T 499. 414 109,147
1100 33.810  72.66  41.92 -622.817  -487.053  96.768
1200 38,620  76.84  44.66 -622.291  -474.731  86.460
1300 43,510  80.76  47.29 =621.711  -462.467  TT.748
1400 48,480  84.44  49.8l -621.077  =-450.233  70.284
1500  53.530  87.92  52.23 -620.387  -438.062  63.825
1600 58,660  91.23 54,57 -619.637 __ -425,934 __ 58,180
1700  63.870 94,39  56.82 <€30.896 T S413.75T  53.191
1800  69.160  97.41  58.99 -629.955  -400.994 48,687
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H  -H 3.8340 KCAL MOLAR VOLUME ° 1.0537 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM,.. M. P, 933 DEG K.
SILICONeses Mo P. 1685 DEG K.

REFERENCES 121 78 59 COMPILED
60 4~29-67

- - - - - - - =~ - - ——



PROPERTIES AT HIGH TEMP ERATURES 203

ANDALUSITE GRAM FORMULA WEIGHT 162.046
z==f=====3

AlzsiOS: Crystals 298.15° to 1800°K,

TEMP. H -H S =6 ~H /T e s e mma e
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 22,28 22.28 ~619.390 ~384,134 428,180
UNCERTAINTY 0.10 0.10 0.710 0.720 0.528
400 3.340 31.87 23,52 ~619.596 ~572.262 312.668
500 7.120 40429 26.C5 ~619.451 ~560.169 244,849
600 11.170 47.67 29.C5 ~-619.179 -548.340 199,732
700 15.420 54422 32.19 ~618.835 -536.561 167.521
800 19.810 60.C8 35.32 ~-618.480 ~524.833 143,377
900 24,320 65.39 38,27 -618.149 ___-=513.146 _ 124.609
1000 284920 70.23 41,31 622,912 <501.114¢7 71039318
1100 33,600 14,69 44,14 ~622.487 ~488.956 97.146
1200 38.350 78.82 46,86 ~622.021 ~476,837 B6.844
1300 43,170 82.68 49,47 -621.511 ~464, 763 78.134
1400 484060 86431 51.98 -620.957 ~452,731 70.674
1500 53,020 89.73 54,28 ~620,357 ~440.747 64,217
1600 58.040 92.97 56.€9 =619.717_ ___-628.798____58.571
. 1700 63,120 96405 58,92 ~631.106 ~416.783 53,581
1800 68.260 98.89 60,97 ~6130.315 '~404.018 49,054
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H 4.0860 KCAL MCLAR VOLUME  1.2316 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM... M. P. 923 DEG K.
SILICONssee Ma P. 1685 DEG K,

REFERENCES 121 78 ) 164 COMPILED
60 4-29-67
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204 THERMODYNAMIC PROPERTIES OF MINERALS

SILLIMANITE GRAM FORMULA WE IGHT

162,046

e R P e R R R E Lt

A128i05: Crystals 298.15° to 1800°K.

- - - ————— = -

FORMATION FROM THE ELEMENTS

312.416
244,676
199.610
167.433
143,312
124.559
109.481

97.118
86.824
78.120

70.667
64,216

49,095

KCAL

CAL/BAR

TEMP, H -H S -(G =-H )/T —emeccccccccc e e cc e
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG-GF k) (KCAL/GF W)

298.15 0.000  22.97  22.97 -618.650  =583.599
UNCERTAINTY 0.10 0.10 0.710 0.720

400 3,350 32.59  24.21 -618.846  =571.800

500 7.090  40.92 26474 -618.741  -559.774

600  11.100  48.23  29.73 -618.509 =548, 006

700 15.300  54.70  32.84 -618.215  -536,277

800  19.630  60.48  35.94 -617.920  -524.593

900  24.080  65.72  38.96 -617.649___ =512,943__ 124,559
1000  28.640  70.52  41.88 2833.452 77773500, 544

1100 33.310  74.97  44.€9 -622.037  -488.814

1200  38.080  79.12  47.39 -621.551  -476.727

1300 42.950  83.02  49.98 -620.991  -464. 685

1400 47.910  86.70  52.48 -620.367 =452, 687

1500  52.960  90.18  54.87 ~619.677  -440. 742

1600  58.090  93.49  57.18 -618.927 ___-428.840 __ 58,571
1700 63.300  96.65  59.41 2630.186 " ""Z416.883

1800  68.590  99.67  61.56 -629.245 =404, 352
MELTING POINT DEG K BOILING POINT

HEAT OF FUSION KCAL HEAT OF VAPOR.

Ho-H 4.1620 KCAL MCLAR VOLUME  1.1926

298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM,., M. P. 923 DEG K,
SILICONeeas M, P. 1685 DEG K.



PROP ERTIES AT HIGH TEMP ERATURES 205

MULLITE (3-2)

g:::ﬁ:::::::::========:=;======:==
3A1203~2si02: Crystals 298.15° to

- o e e e i e 2 O e > e

TEMP. H -H S -(G6 -H
T 298 T T 298
DEG K (KCAL) (CAL/DEG~-GF W)
298.15 0.000 64.43 64443
UNCERTAINTY 1.C0O 1.C0
400 8.930 90.C7 67.74

500 18.810
6C0 29.420
700 40.580
8C0 52.170

112.C8 T4.46
131.41 82.28
148.¢€1 90.64
164,08 98.87

900 64.090 178.11 106.90
1000 76.260 190.93 114.67
1100 88.630 202.72 122.15
1200 101.170 213.63 129.32
1300 113.850 223.78 136.20
1400 126 .640 233,26 142.80
1500 139.520 242.15 149.14
16C0 152.460 250,50 155.21
17¢0 1654440 258.37 161.C5
1300 178.450 265.80 166.¢£6
19C0 191.480 272.84 172.C6
2C00 204.520 279.53 177.27
MELTING POINT 2132 DEG X
HEAT OF FUSION KCAL
H -H KCAL

298 O

GRAM FORMULA WEIGHT 426,053

=2z zI==SSESSTSITSTSIS=TTTITSSTSS=

melting point 2123°K.

FCRMATION FROM THE ELEMENTS

- ————— - - - - -

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM... M, P, 933 DEG K.
SILICONeesos M, P. 1685 DEG Ko

- e - - - ——————— - —— -

REFERENCES 124 60

ENTHALPY ¢ FREE ENERGY LOG K
(KCAL/GFW)
~-1629.543 -1539.006 1128.118
1.700 1.730 1.268
-1630.011 -1508.618 824,268
~1629.760 -1477.475 645.802
~1629.156 -1447.077 527.096
~1628.345 -1416.795 442,342
~1627.456 -1386.638 378.811
-=1626,639__ -1356,578 _ 329,421
~-1641.102 -1325.492 289,685
~-1640,018 -1293, 989 257.091
-1638.836 -1262.590 229.948
-1637.578 -1231. 290 206.998
-1636.274 -1200, 080 187.340
-1634.938 -1169.005 170.323
-1633.592 _ =1137.991__ 155,442
-1656.391 -1106. 852 142.295
-1654.928 -1074. 546 130.467
-1653,489 ~-1C42.335 119.895
-1652.073 -1010, 232 110.393
BCILING POINT DEG K
HEAT CF VAPQOR. KCAL
MOLAR VOLUME 3.2158 CAL/BAR
164 COMPILED
60 4-29-67



206 THERMODYNAMIC PROPERTIES CF MINERALS

LARNITE GRAM FORMULA WEIGHT 172.244

T S S S S S ST S SS T SC TS S S oSS SIS ICCS =SS ST SS2SSSSSSSS=S=SIT=
Cazsi04: Crystals 298.15° to 970°K. a' crystals (bredigite) 970°

to 1710°K. a crystals 1710° to 2000°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S “(6 =H  I/T mmmmmmm e e
T 298 T . T 298 ¢ ENTHALPY  FREE ENERGY LOG X
DEG K (KCAL) {CAL/DEG-GF W) (KCAL/GFW)
298.15 0.000 30,50 30.50 -551.420 -524.,022 384.118
UNCERTAINTY 0.20 0.20 0.770 0.780 0.572
400 3.335 40.C9 31.75 ~551.349 -514.663  281.198
500 6.940 48.13 34,25 -551.122 -505.523  220.963
600 10.790 55.14 37.16 -550.804 -496.432 180.825
700 14.810 61.34 40.18 =550,461_ __ -487.399 152,173
800 18.940 66.85 43,17 ~550.,203 278,414 130,696
900 23.140 71.79 46,08 -549.911 -469.447 113,997
970 26.120 74.98 48.06 -549.760 -463.185 104,358
970 264560 15444 48,06 -549,320 -463.185 104.358
1000 27.860 76.76 48.90 -549.275 -460.527 100.648
1100 32,250 80.94 51.62 -549,122 -451, 666 89.738
1120 33,140 8l.74 52.15
1200 36.720 84,83 54,23
1300 41.290 88.49 56,73 -551,790 -433,394 72.860
1400 45,970 91.95 59,11 ~550.976 ~424,326 66.240
1500 50.780 95,27 61.42 -550.052 -415.298 60.509
1600 55.710 98445 63.63 349,026 -406,373 __ 55,508
1700 60.780 101.53 65.78 Z5859.946 397,395 51,089
1710 61.290 101.83 65.99 -548.030 -396.495 50,675
1710 64.680 103.81 65.99 544,640 _ -396,495___ 50,675
1800 69.090 106,32 67.94 ~628.062 "~ "-386.189 46.890
1900 73.990 108.97 70.03 -626,562 -372.794 42.881
2000 78.890 111.48 72.03 ~625.072 -359, 504 39.285
MELTING POINT 2403 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME  1.2332 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUM.c.. ALPHA-BETA 737, M. P. BETA 1123, B. P. 1756 DEG K.
SILICON..os M. P. 1685 DEG K.

- e e o e e e -—— - -

REFERENCES 74 78 81 COMPILED
4-29-67




PRQPERTIES AT HIGH TEMP ERATURES 207

CALCIUM OLIVINE GRAM FORMULA WEIGHT 172.244

£ S SE TS SES SIS S SIS SIS === ISETITISITI SISz =szZzoc

Ca,8i04: Crystals 298.15° to 1120°K. Calcium olivine is the

stable form of dicalcium silicate below 1120°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S -(6G -H V/IT =—mmemmemeee memssccssccccrenas
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFWw) (KCAL/GFW)
298.15 0.000 28.80 28.80 -5¢£3.973 -526.069 385.618
UNCERTAINTY 0.20 0.20 0.940 0.950 0.696
400 3,270 38.21 30.03 -553.967 ~5164529 282.217
500 6.760 45.99 32.47 -553.855 -507.186 221,690
600 10,480 52.76 35.29 -583.667 -497.867 181,347
700 14.380 58,77  38.23 553,444 ___=488.583___152.542
800 18.420 64417 41.14 -553.276 -479.343 130.950
900 22.590 69.08 43.98 -553,014 -470.111 114.158
1000 264890 73.€1 46,72 ~-552.798 -460.900 100,729
1100 31.320 77.83 49,26 -552.,605 =451, 728 89,750
1120 32.220 78.64 49,87 -552.567 -449,900 87.790
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION ) KCAL HEAT OF VAPOR. KCAL
H ~H KCAL MOLAR VOLUME 1.4127 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUM.soee ALPHA-BETA 737, V., P. BETA 1123, B. P. 1756 DEG K.
SILICON.ses Ms P, 1685 DEG K.

REFERENCES 74 78 81 COMPILED
129 4-29-67




THERMODYNAMIC PROPERTIES OF MINERALS

GRAM FORMULA WEIGHT 274.205

Crystals 298.15° to melting point 1863°K.

208
GEHLENITE
Ca2A125107:
TEMP, H =H
T 298
DEG K (KCAL)
298.15 0.000
UNCERTAINTY
400 5.430
500 11.340
600 17.630
700 24.170
800 30.910
900 37.800
1000 44.820
1100 51.950
1200 59.180
13C0 66.500
14C0 73.900
1500 81.370
1600 88.900
1700 96.480
1300 104.100

MELTING POINT

HEAT OF. FUSION

S -H
T T 298
(CAL/DEG-GFW)
47.40 47.40
0.40 0.49
63.01 49.43
76.18 53.50
87.64 58426
97.72 63.19
106.72 68.C8
114.83 72.83
122.23 77.41
129.C2 8l.79
135.21 85.99
141.17 90.C2
146.65 93.86
151.80 97.55
156.¢€6 101.10
161.26 104.51
165.61 107.78
1863 DEG K
KCAL
KCAL

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM..o M.

CALCIUM'...
SILICONe e

P. 923 DEG K.

ALPHA-BETA 737, V.

P. 1685 DEG K.

BETA 1123,

ENTHALPY FREE ENERGY LOG K
(KCAL/GFW)
~9%2.740 ~-904.432 662,965
0.960 0.970 0.711
-952.880 -888.105 485.236
-952.706 -871.662 381.002
-952,.,399 -855. 484 311.609
2952073 ___=839.357___262.058
-951.836 -823.283 224.910
-951.599____-807.219___196.019
-956.569 -790. 807 172.830
29562453 ___=174.244___153.828
-959,875 -757. 414 137.944
-959,.202 -740.552 124.498
-958.482 -723,775 112.986
-957.723 -707.016 103.012
29562930 ___=690.356____94.298
Z988.181 673,620 ___86+599
-1039.837  -654.462_ 79,462
BO0ILING POINT DEG K
HEAT OF VAPOR. KCAL

MOLAR VOLUME 2.1567 CAL/BAR

P. 1756 DEG K.

........................ o - = - 2 = = " = = = =

REFERENCES 122

COMPILED
5-08-67



PROPERTIES AT HIGH TEMP ERATURES 209

GRGSSUL AR GRAM FORMULA WE IGHT 450.454
o= SSSCSE=ESSSSSSSSSSSSESSSSSSSSSSSSSCS S SSSSSSSSSSSSS=S=SSSSSS=S==S==sSsS=
1 . o -]
Ca3A12513012. Crystals 298.15° to 1700°K.
FCRMATION FROM THE ELEMENTS
TEMP. H =H S -(G -H }/T eeeccceccccccccccccrcncccccea
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF&) (KCAL/GFW)
298.15 0.000 57.70 57.70 ~1588.393 ~1500.986 1100.249
UNCERTAINTY 1.30 1.30 1.830 1. 880 1.378
400 9.017 83,63 61.C9 ~1588.438 -1471. 314 803.886
500 18.707 105.22 67.80 -1588.089 -1441.796 630.207
600 29,183 124.32 75.68 -1587.352 -1412.622 514.546
7C0 40.060  141.06 83.84 -1586.581___-1383,545___431.961
800 51.298 156.07 91.95 -1585.888 -1354, 607 370.060
900 62.815  169.€1 99.81 -1585,129_ __-1325,708___321.925
1000 T4.534 180.67 106.14 -1589.628 -1295, 240 283,074
1100 86.414 193.28  114.73  =-1589,097 _ -1267.261 _ 251,781
1200 98.417 203.75 121.74 -1593.918 =1237.652 225.407
1300 110.565 213.46 128.41 -1592.604 -1207.973 203.078
1400 122.884 222.58 134.81 -1591.181 -1178. 455 183,965
1500 135.340 231.20 140.97 -1589.681 -1149.056 167.417
1€¢CO 147.930 239.29 146.84 -1588.101 -1119.733 152.948

1700 160.650 247.0C1 152,51 ~1622.649 -1090. 195 140.154

- - - = > = e e A = b D O - - - - -~ ——

MELTING POINT DEG K BOILING POINT DEG K

HEAT OF FUSION KCAL HEAT CF VAPOR. KCAL

H -H KCAL MOLAR VOLUME 2.9947 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM,.. M, P, 933 DEG K.
CALCIUM.... ALPHA-BETA 737, V. P. BETA 1123, B. P. 1756 DEG K.
SILICONssvs M. P. 1685 DEG K.

- " . - " = - - - ————— i - -

REFERENCES 163 57 57 COMPILED
4~29-67



210 THERMODYNAMIC PROPERTIES OF MINERALS

MERWINITE GRAM FORMULA WEIGHT 328.719

XSS AT SIS I =ITITITITTTITIB SIS ASITTEIT AT TSI AT SO SSITITTISISST I RITSTTTETREI=

Ca3Mg(sio4)2: Crystals 298,15° to incongruent melting point 1848°K.

TEMP, H -H S -(G -H J/T cmwmrmmccccce e cr e e m e
T 298 T T 268 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0.000 60.50 60.%0 -1091.490 -1037.184 760.274
UNCERTAINTY 0.50 0.50 1.270 1.290 0.946
400 6.590 79.45 62.97 -1091.399 -1C18.626 5564550
500 13,690 95.28 67.90 -1091.009 -1000. 486 437.311
600 21.170 108.91 73.¢€3 -1090.534 -982, 426 357.847
700 28,940 12088 79.56  =1090,047 __ =964, 442 __ 301,111
800 36,930 131.55 85.39 -1089.688 ~946.542 258.583
9C0 45,080  141.15  91.C6  =-1089,275 _ -928,663 _ 225,509
1000 53.350 149.86 96.51 -1091.190 -910. 634 199.018
1100 61.730  157.85 101.73  =1091.106___ 892,596 _ 177,362
1200 70.230 165,24 106.72 -1096.348 -874,.151 159.204
1300 78.870 172.16  111.49  -1095.440 __ =855,645 _ 143,841
1400 87.670 178.68 116.06 -1124.757 ~B836.438 130.574
1500 96.650 184.87 120. 44 -1123.306 ~815.868 118.871
1600  105.830 190,79  124.65  =1121,691 __ ~795.462 _ 108,655
1700 115.230 196.49 128.71 ~f144.028 ~174.916 99,622
HELT]NG POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR, KCAL
H -H KCAL MOLAR VOLUME 2. 4952 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUMseeo ALPHA-BETA 737, M. P. BFTA 1123, B. P, 1756 DEG K.
MAGNESIUM.. M. P. 922, B. P. 1363 DEG K.
SILICON«soe M. P. 1685 DEG K.

o = s = 8 " > = - - ” - = = = - o = - - ——

REFERENCES 122 172 117 COMPILED
75 4=29-67

- = 2 o " = S - -~ - " = = - -



PROPERTIES AT HIGH TEMPERATURES 211

AKERMANITE : GRAM FORMULA WEIGHT 272,640
=R EZ =TI 3R =TI =SS S ST IS ISR SS3IT TSI S E=sSSSSSSSSSsSSS=zsSsS====s

CazMgsiZO7: Crystals 298.15° to melting point 1727°K.

- > o = . - - - " - " = -

FCRMATION FRCM THE ELEMENTS

TEMP. H -H S -(G -H A B L L L L P
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
- D T - - Y - —— -~ - ———— - - ———— - ————
298.15 0.000 50.03 50.C3 -926.510 -879.353 644,581
UNCERTAINTY 0.50 0.50 1.070 1. 090 0.799
400 5.560 66.02 52.12 -926.437 -863.241 471,652
500 11.420 79.C8 56.24 -926.236 -847.467  370.427
6500 17.670 90.47 61.C2 - =925,889 -831.746 302.962
700 24,200  100.53  65.96 2925.488___ 816,084 254,792
800 30.900 109.48 70.85 -925.18% -800,493 218.68%
900 37.740  117.53  75.60  -924.845_ __ -784.911 _ 190,602
1000 464,720 124.88 80.16 -926.736 ~769.,182 168.104
1100 51.830 131.66 84454 -926.541 _ -753.444_ _ 149.695
1200 59,070 137.96 A8.73 =92378817 " T=737.%61 134,310
1300 664,430 143,85 92.75 -929.064____=121,436___121.284
1400 73.910  149.39 96.60 -958,529 -704.684 110.006
1500 81.500 154.£3 100,30 ~957.293 -686,596. 1004037
1600 89.200  159.60  103.85 =955.979____-668.626____91.330
1700 97.010 164.33  107.27 -978.725 ~650.489 33,626
MELTING POINT 1727 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H =H KCAL MOLAR VOLUME  2.2182 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

. CALCIUM..es ALPHA-BETA 737, M. P. BETA 1123, B. P, 1756 DEG K.
MAGNESIUM.. M. P, 922, B. P, 1363 DEG K.
SILICON.«os M, P. 1€85 DEG K,

- - - - - - - - ———— - — - ———— - —— =

REFERENCES 122 172 116 COMPILED
75 4-29-67
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212 THERMODYNAMIC PROPERTIES OF MINERALS

SPHENE GRAM FORMULA WEIGHT 196.063

t==sEsS==&cSsS=S=SSSSET S == SS= SIS =SS SSSSSSSSSS=SEISISSSSSSSSSSSSsSIsSsS=s=S

CaTiSiO : Crystals 298.15° to melting point 1670°K. Liquid 1670°
5

to 2000°K.
FORMATION FRCM THE ELEMENTS
TEMP. H -H S =(6 "H  M/T s
LT 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF k) {KCAL/GF W)
298.15 ' 0,000  30.88  30.€8 -622.050  -588.246  431.195
UNCERTAINTY 0.20 0.20 0.570 0.580 0.425
400 3.750  41.66  32.28 -621.903  -576.708 315.098
500 7.690  50.44  35.C6 -621.664  -565.437  247.152
600  11.860  58.C4 38,27 -621.344  -554.225 201.876
700 164230  64.77 41,58 ~620.964 __ =543.059___169.550
800  20.750  70.81  44.87 -620.593 T -831.967  145.326
900  25.380  76.26  48.Cé -620.186  -520.907  126.493
1000 30.070  8l.20  51.13 -619.854  -509.885 111.435
1100 34.800  85.71  54.07 -619.606 _ -498.906 _ 99.123
1200 39.580  89.87 56,89 S622.128 S4BT YT T TT8ELEIS
1300 44.430  93.75  59.57 -621.535  -476.589  80.122
1400  49.350  97.39  62.14 -620.920  -465.468  T72.663
1500 54,340 100.84  64.61 -620.284  -454.399  66.206
1500  59.400 104.10  66.97 -619.623  -443,360  60.560
1670 62.980 106,29 _ 68.58 -619.140  -435.134 56,945
1670 92.570  124.01 68,58 =589.550 __ -435.134 __ 56,945
1700 94.570  125.20  69.57  <€00.966 1T75437,798 17155640
1800  101.250 129.062 72,77 S634.985 7T C422.059 T 51.245
19C0  107.930  132.63 75,82 -632,523 ___ -410.295 ___ 47,195
2000  114.610 136.C6 78,75 <633.790  -398.581  43.555
MELTING POINT  167C.00 DEG K BOILING POINT DEG K
HEAT OF FUSION  29.590 KCAL HEAT OF VAPOR. KCAL
H  -H KCAL MOLAR VOLUME  1.33007 CAL/BAR

298 0
TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUM..eos ALPHA-BETA 737, M. P. BETA 1123, B. P, 1756 DEG K,
SILICONeeee M. P, 1685 DEG K.
TITANIUM... ALPHA-BETA 1155, M. P. 1943 DEG K.

REFERENCES 74 78 152 COMPILED
4-29-617



FAYALITE

PROPERTIES AT HIGH TEMP ERATURES

GRAM FORMULA WE IGHT

213

203.778

s SR S SSSCSSS S SIS CSSISSS SIS CSESES 3 SSSSETTSTISSSTZIITTTSTSTITST

Fezsio4: Crystals 298.15° to melting point 1490°K.

to 2000°K.

- - s s o

Liquid 1490°

- -

FORMATION FROM THE ELEMENTS

TEMP. H =H S T T I A S e
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GF W)
- - - - - - - - ——— - - - - - - — - - - - -~
298.15 0.000 35.45 35,45 -353,544 -329.668 241.652
UNCERTAINTY 0.40 0.40 0.700 0.528
400 3,440 45,35 36.75 -353,338 -321.540 175.681
500 7.210 53,75 39,23 -352.926 -313.627 137.086
600 11.190 61.00 42.35 -352.488 -305.808 111.390
700 15.320 67.36 45,47 -352.085 -298.067 93,061
800 19.560 73.02 48.57 -351.787 -290.374 79.326
9C0 23.890 78.12 51.58 ~351.665 ~282. 694 68.647
1000 23%.310 82.78 54,47 -351.849  -275.021 60.106
11¢c0 32.850 87.10 57.24 -352.386____-267.294%___ 53.106
1200 37.510 91.16 59,90 -352.408 ~259.586 877277
1300 42,290 94.98 62445 -351.634 -251.893 42,347
14CO 47.190 98.62 64491 -350,800 -244,268 38,132
1490 51,690 100.98 66.29 -349.985 -236.310 34,661
1490 73,720 115.76 66.29 -327.955 -236,310 34.661
1500 74.300 116.90 67.37 -327.796 ~236.827 34,506
1600 80.050 120.61 70.58 -326.210 _ -230.821 __ 31.529
1700 85.800 124.10 73.63 -337.310 =22%.730 28.899
1800 91.550  127.39 76.53 -335.928 ___-218,201 264493
1900 97.300 130,49 79.28 -341,.938 =211.32 2%.308
2000 103.050  133.44 81,91 -340.698 -204, 490 22.346
MELTING POINT 149¢ DEG K BOILING POINT DEG K
HEAT OF FUSION 22.C30 KCAL HEAT OF VAPOR, KCAL
H -H KCAL MOLAR VOLUME CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

IRONesseose

SILICONecos M.

CURIE P. 1033, ALPHA-GAMMA 1184,
P. CELTA 1809 DEG K.
P. 1€85 DEG K.

GAMMA-DELTA 1665,

REFERENCES 74

COMPILED

5-06-67



214 THERMODYNAMIC PROPERTIES OF MINERALS

FORSTERITE GRAM FORMULA WEIGHT 140.708
&::=8=======q=======:===:= ST S S SE =S ESSSaSI=TS=CSSSS SSSEI==S=====S
Mgzsi04' Crystals 298.15° to melting point 2163°K.
FCRMATION FRCM THE ELEMENTS
TEMP. H ~H S =(G -H /T =-eomesccccccncom e cae
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0,000 22.75 22.75 -520.370 -491.938 360.599
UNCERTAINTY 0.20 0.20 0.520 0.530 0.388
400 3.100° 31.66 23.91 ~520.476 ~482.202 263,462
500 6.520 39.38 26.24 -520.342 -472.698 206.616
600 10.180 45.95 28.68 ~520.096 -463.126 168,693
700 14,010 51.85 31.84 -519.801 ~453.652 141.636
800 17.960 57.12 34,67 -519.497 ~444,228 121.357
900 22,000  61.88  37.44  =519.207 ___-434.828___105.590
1000 26.130 66423 40,10 -523.195 -425.117 92.909
1100 30.340 70.24 42,66 ~522.862 -415.308 82.514
1200 34.630 73.97 45,11 =522.474 -405.568 73.864
1300 39.000  77.47  47.47 522,030 -__-395.834____66.546
1400 43.450 80.77 49.73 -582.216 -384.491 60.022
1500 47.950 83.87 51.90 -581.116 =370.411 53.969
1600  52.470  86.79  54.C0  =580.014_ ___=356,411____48.683
1700 57.000 89.55 56.C2 -590.988 -342.387 44.017
1800 61.540 92.14 57.95 -589.830 -327.786 39.799
1900 66.090 94.60 59.82 =588.674 -313.261 36.033
2000 70.650 96.94 61.61 -587.518 -298. 806 32.652
MELTING POINT 2163 DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR., KCAL
H -H 4.129 KCAL MOLAR VOLUME 1. 0466 CAL/BAR
298 0

TRANSITIONS IN REFERENCE

MAGNESIUM, .
SILICON....

STATE ELEMENTS

M. P. 922, B. P. 1363 DEG K.
P. 1685 DEG K.

REFERENCES 74

- ————

153

COMPILED
4-29-67




PROPERTIES AT HIGH TEMPERATURES

CORDIERITE GRAM FORMULA WE IGHT

ST ST S S S SS IS SIS SSSSCSEISSSSSS =SS SZSSSSIIZSSSISITIISISSSSTS=ISES

Ma2A13(AlSi5018): Crystals 298.15° to 1700°K.

213

584,969

TEMP. H -H 3 “(C =H  )/T s e

T 298 T T 298 ENTHALPY

FREE ENERGY

DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)

298.15 0.000 97.23 97.33 -
UNCERTAINTY 0.90 0.90

400 12.030 131.89 101.81 -
500 25.440 161.77 110.89 -—-
6C0 39.950 188.20 121.62 . -==
700 55.220 211.73 132.84 -
200 71.020 232.82 144.05 -—
900 87.210 251.88 154.98 -
1000 103.720 269.28 165,56 -

1160 120.520 285.29 175.73 ===
1200 137.600 300.15 185.48 ~——-
1300 154.960 314.04 194.84 -
1400 172.590 327.11 203.83 ---
1500 190.490 339.45 212.46 -
1600 208.660 351.18 220.77 -—-
1700 227.090 362.35 228.177 ——

MELTING POINT DEG K BOILING POINT

HEAT OF FUSION KCAL HEAT OF VAPOR.

H -H KCAL MOLAR VOLUME 5.5740
298 O

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM... M. P. 933 DEG K.
MAGNESIUM.. M. P. 922, B. P. 1363 DEG K.
SILICONsess M. P, 1685 DEG K,

- - — - - - — - ——————-

REFERENCES 122 172

LOG K

CAL/BAR

COMPILED
8- 9-66




216 THERMODYNAMIC PROPERTIES OF MINERALS

TEPHROITE GRAM FORMUL A HEIGHT 201.960
oSS e S TS =SS S =SS S S=EZSS ST SEC =SS SN SIS SSSSER TSI ST S=3I=======
Mn,SiO4: Crystals 298.15° to melting point 1620°K. Liquid 1620°
to 1800°K.
FORMATION FRCM THE ELEMENTS
TEMP, H =H S =-{G -H /T =-emm—mmeem e e
T 298 T T 258 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFh) (KCAL/GFW)
298.15 0.000 39.00 39.C0 -413.520 -390.028 285,898
UNCERTAINTY 1.00 1.C0 0.760 0,820 0.601
400 3.340 484,61 40426 -413.524 -381.998 208.713
500 64940 564€3 42475 -413.322 ~374.133 163.533
660 10.750 63,57 45,.€5 -413.204 -366.458 133.482
700 14.720 69.£9 48,66 -412.791 -358. 556 111.946
800 18.800 75.14 51.64 -412.553 ~350. 836 95.844
900 22.950 80.03 54,53 412,361 -343.129 83,323
1000 27.140 84,44 57.30 -413.285 -335,437 73.309
1100 31.370 88.47 59.95 -413.182 -327.639 65.096
1200 35.640 92.19 62449 -413.,064 -319. 894 58.260
1300 39.960 95.64 64490 -412,950 -312.117 52.471
1400 44.330 98.88 674,22
1500 48.750 101.93 69.43
1600 53.230 104.82 71.55 -422,226 -287.973 39.335
1620 54.130 105.38 71.97 -422.253 -286. 480 38.648
1620 75.550 118,61  71.97 400,823 ____-286,480 __ 38,648
1700 80.200 121.41 T4.23 -411.966 -280.559 36.068
1800 86.010 124.73 76465 ~410.744 -272. 857 33.129
MELTING POINT 1620 DEG K BOILING POINT DEG K
HEAT OF FUSION 21.430 KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME 1.1618 CAL/BAR
298 O

TRANSITIONS IN REFERENCE STATE ELEMENTS

MANGANESE.. ALPHA-BETA 990,

SILICON.+es M. P. 1685 DEG K

BETA-GAMMA 1360,
M. P. CELTA 1517 DEG K.

GAMMA-DELTA 1410,

1 COMPILED
4-29-67



PROPERTIES AT HIGH TEMPERATURES 217

ZIRCON . GRAM FORMULA WEIGHT 183.304

2SS ES ST 3ECESSSES IS S SIS I TR RBISISITTESSS TSI SSSSS SIS SIIR=T S

eriO4: Tetragonal crystals 298.15° to 2000°K. Note zircon

decomposes to 2rO, and 3102 at approximately 1949°K.

FORMATION FROM THE ELEMENTS

TEMP, H ~-H S -(G =-H V/T eecemrccccecrcccc e e ———
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG~GFW) (KCAL/GFW)
298,15 0,000 20.C8 20.08 - -—— ——
UNCERTAINTY 0.30 0.320
400 2.620 2T.€1 21.06 - --- ——
5C0 5.460 33.94 23.02 -——- —-—— ——-
600 84550 39.56 25.31 - -—- -
700 11.800 44.58 27.73 - - —-——
800 15.180 49.09 30.12 - C - ——
900 18.640 53.16 32.45 - -— -—
1000 22.140 56.85 34,71 —— - ———
1100 25.670 60.21 36.88 -—- -— -———

1200 29.220 63.30 38.95 --- -—- -—-
1300 32.790 66416 40.94 - - -
1400 36.380 68.82 42.84 atnd - ——
1500 39.990 71.31 44.65 -—= -—— -

1600 43.630 73.66 46.39 —— - ——
1700 47.290 75.88 48.C7 - - -
1800 50.980 77.99 49.67 - - -
1900 54.690 79.99 51.21 - - -
2000 58.420 81.90 52.69 -——- -— ——
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL

H -H 3.562 KCAL MOLAR VOLUME 0.93834 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

SILICON««se M. P, 1685 DEG Ko
ZIRCONIUM.. ALPHA-BETA 1143.2y M. P. BETA 2128.2 DEG K.

REFERENCES 74 78 COMPILED
148 4=15-67

- e s = ot - - - — ———




218 THERMODYNAMIC PROPERTIES OF MINERALS

WOLLASTONITE GRAM FORMULA WEIGHT 116.164

o SECE S s T RS S S S S ST S S S S SIS SIS S S S SSSS SSEXSSSSSISIESS

Casi03: Crystals 298.15°-to 1400°K. Pseudowollastonite is the

stable phase above 1398°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S =16 -H /T —mmmmm—eeeee —mmemmmmmeemmmee
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K  (KCAL) {CAL/DEG-GF ) (KCAL/GFW)
298.15 0.000  19.60  19.60 -390.640  -370.263  271.410
UNCERTAINTY 0.20 0.20 0.870 0.880 0.645
4C0 24300 26021 20.46 -390.592  -363.302  198.499
500 4,780  31.74  22.18 -390.439  -356.499  155.825
600 7.390 36,49 24417 -390.259  -349.726  127.387
700 10.140  40.72  26.23 390,032 ___-342.983___107.084
800 13,000  44.54  28.29 2389.810 -336.282  91.868
900  15.890  47.94  30.28 -389.591  =-329.599  80.037
1000 18,810  51.02  32.21 -389.441  -322.935  70.577
1100 21,770 53.84  34.C5 -389.339___ -316.294___ 62,842
1200  24.800  56.48  35.81 =3360987 7" "23090525 77560573
1300 27,880 58,94 _ 37.49 -390.584  -302.743  50.896
1400 31.000  61.25  39.11 =390.158  -296.008  46.209
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H  -H KCAL MOLAR VOLUME  0.95435 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUM. ... ALPHA-RETA 737, M. P. BETA 1123, B. P. 1756 DEG K.
SILICONesees M. P. 1685 DEG K.

REFERENCES 74 18 152 COMPILED
16 4-29-67

- - - -~ - - - -




PROPERTIES AT HIGH TEMP ERATURES 219

PSEUDOWOLLASTONITE GRAM FORMULA WEIGHT 116,164

e =TS SE= ST SSSS S XSS E SIS SESSSS IS SIS SRS SITTSSTS SIS SIS ITISIITZT=T==S

Casi03: Crystals 298.15° to melting point 1817°K.

FCRMATION FROM THE ELEMENTS

TEMP. H -H S -(G6 -H VAR ——
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) {CAL/DEG-GF W) {KCAL/GFW)
298.15 0.000 20.90 20.90 -389.070 -369.081 270.543
UNCERTAINTY 0.20 0.20 0.620 0.630 0.462
400 2.290 27.49 21.76 -389.032 -362.254 197,926
500 4,710 32.88 23,46 -388.939 -355.569  155.419
600 7.330 37.66 25.44 -388.749 -348,918 127.093
700 10.040 41,83 27.49 -388.562 _ -3642,290 _ 106.867
800 12.840 45,57 29.52 ~388.460 =335.696 91.708
9Co 15.710 48,94 31.48 -388.201 -329.109 79.918
1000 18.630 52.02 33,39 -388.051 -322.545 70.492
1100 21.590 54,84 35.21 -387.949 -316.004 62,784
1200 24,580 57.45 36.97 589 65T T T T T-309.7345 46.339
1300 27.610 59,87 38,63 -389.284 -302. 652 50.880
1400 30.690 62.15 40,23 -388.898 -296.008 46,209
1500 33.810 64.31 41,77 ~388.489 -289. 396 42.165
1600 36.970 66,34 43,23 -388,054 ___ —282.805 ___38:629
1760 40,170 68.28 . 44.€5 -399,663 ~276.136 358500
MELTING POINT 1817 DEG K BOILING POINT DEG K
HEAT OF FUSION 6.550 KCAL HEAT OF VAPOR. KCAL
H -H KCAL MCLAR VOLUME  0.95794 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUM.... ALPHA-BETA 737, M, P, BETA 1123, B, P. 1756 DEG K.
SILICON«ees Mo P. 1£85 DEG K,

REFERENCES T4 78 75 COMPILED
oo 4-29-67




220 THERMODYNAMIC PROPERTIES OF MINERALS

CALCIUM-ALUMINUM PYRCXENE GRAM FORMULA WEIGHT 218,125

E=sS k=SS 2SS =TSSR ISSS S CSSS SIS S SCSE S SE S SS SIS SS=SSS=SISEEISTIIT=S =T

CaAl_SiO,: Crystals 298.15° to 1700°K.

2 6
FORMATION FROM THE ELEMENTS
TEMP. H -H S -{G -H /T eccecrccccerccccer e cme e nacea
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFH)
298.15 0.000 34,60 34,60 -786.984 -745.130 546.194
UNCERTAINTY 0.80 0.80 0,660 0.710 0.520
400 44437 47T.35 36.26 -787.105 -731.016 399,408
500 9,287 58.16 39,58 -786.941 -716.739 313.286
6CO 14,523 6T.70 43,50 -786.585 -702.737 255.971
700 19.980 76.10 47.56 -786.188 -688, 787 215.048
800 25.618 83.¢€3 51.¢€1 SIESLBIOT T T T30S T 13
900 31.395 90,43  55.54  -785.458 ___-t61,052 __160.525
1000 37.274 96.19 58.92 -790.256 =646, 440 141.279
1160 43.234 102,30 63.C0  =789.930 ___-632.554___125.611
1200 49,257 ‘10755 66,50 ~-791.375 -618.137 112.578
13Co0 554345 112,42 69,85 -790.766 -603,710 101.493
1400 61.504 116.98 73.C5 -790.,115 -589, 351 92.002
1500 67.720 121.28 T76.13 ~789.434 -575.045 83.784
1600 73.990  125.31  79.07  -788.723 __-560,774____76.598
1700 80.310 129.15 81.90 -800.053 ~546, 445 70.250
MELTING POINTY DEG K ROILING POINT DEG K
HEAT OF FUSION KCAL HEAT CF VAPOR, KCAL
H -H KCAL MOLAR VOLUME 1.5176 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM..o M, P, 933 DEG K.
CALCIUM. oo ALPHA-BETA 737, M. P, BETA 1123, B. P. 1756 DEG K.
SILICON.ese Mo P. 1685 DEG K.

REFERENCES 163 7 57 COMPILED
) 4-29-67



PROPERTIES AT HIGH TEMPERATURES 22]

DIOPSIDE GRAM FORMULA WEIGHT 216.560

S-S 2SS =SICSCSESSSSISSICSESS RS ISSI S S CSSEESESSI =S ZITITITISSRSSTITTIIITS==S

CaMg(SiO3)2: Crystals 298.15° to melting point 1664°K

- o e o e S o o e

FORMATION FROM THE ELEMENTS

TEMP. H -H S -{G -H )/T =—eemeccscecc e ce e ———
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFWw) o (KCAL/GFW)
298.15 0.000 34,20 34.20 -767.390 -725.784 532,012
UNCERTAINTY 0.20 0,20 2.180 2.190 1.605
400 44320 464,61 35.81 -767.545 -711.533 388,763
500 8.940 56.90 39.02 -767.534 -697. 528 304.888
600 14.060 66424 42.81 ~-767.214 -683.562 248.987
700 19.540  T4.€6 46,75 =166.709____=669.642__ 209,071
800 254420 B82.52 50.74 -T€5.992 -655.841 179.167
900 31.340  89.48  54.66  =765.335___ -642.093___155.921
1000 37.280 95.74 58446 -766.953 -628.241 137.302
1100 43.250  101.43 62,11  =766.518____-614.389__ 122.068
1200 49,250 106.65 65461 -767.894 -600. 454 109.357
1300  55.300 111.49  68.95  =-767,239 __ -586.512___ 98.601
1400 61.440 116.C4 72.15 -796.872 -57T1.815 89,264
1500 67.660 120,24 75.23 -795.830 -555.799 80.980
1600 73.980 124,41 78.17 -794.718 -539, 840 73.738
MELTING POINT 1664 DEG K BOILING POINT DEG K
HEAT OF FUSION 18.500 KCAL HEAT OF VAPOR. KCAL
H -H KCAL MGLAR VOLUME 1.5795 CAL/BAR
298 0

TRANSITIOUNS IN REFERENCE STATE ELEMENTS

CALCIUM, ... ALPHA-BETA 737, ¥, P, BETA 1123, B. P. 1756 DEG K.
PAGNESIUM. . M. P. 922y B. P. 1363 DEG K.
SILICON«eoe M, P. 1£85 DEG K.

REFERENCES 74 78 95 COMPILED
116 4=29-67
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THERMODYNAMIC PROPLERTIES GF MINERALS

222
CLINOENSTATITE GRAM FORMULA WEIGHT 100.396
E SN S S SCS =SS SS= SIS TSSS=S SIS IS SCSSSTSCSSSSSSS TS ST STSTITITISTSTTSTSTT
Mgsio3: Crystals 298.15° to melting point 1830°K.
FCRMATION FROM THE ELEMENTS
TEMP. H -H S -{G -H /T —=emcceeccceccm e c e
T 298 T T 2s8 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
e - —— — - - - - - ———— - - - —— - - —— - —— —— - =
298.15 0.000 164,22 16.2? -370.140 =349, 394 256.112
UNCERTAINTY 0.10 0.10 0.440 0. 450 0.330
400 2,140 22.38 17.03 -370.223 -342.293 187.020
500 4.480 27.59 18.63 -370.164 -335.314 146,565
600 6.980 32.14 20.51 -370.035 -328. 350 119.601
700 9,600 36.17 22.46 -369.867 -321.411 100.349
800 12.300 39,77 24.39 -369.692 -314.500 85.917
900 15.090  43.C6 26,29 =369.494 ___=307T.612____74.698
10600 17.970 46,C9 28.12 -371.401 -300. 565 65.688
1100 20.910 48,689 29.88 ~-371.139 -293. 485 58.310
1200 23.890 51449 31.58 -370.857 -286+ 459 52.171
1300 26.890  '53.88 33,20  =370,574____=219.418___ 46,974
14C0 29.910 56.12 34.76 -400.633 -271.589 42.397
1500 32.940 584,22 36.26 -400,071 -262.418 38.234
1600 35.970  60.17  37.69  =399,523 _ -253.255_ __ 34,593
1700 39,010 62.01 39.C6 -411.049 -244.020 31.371
1800 42.060 63.75 40.28 -410,440 -234.205 28.436
MELTING POINT 1830 DEG K BOILING POINT DEG K
HEAT OF FUSION 14.700 KCAL HEAT OF VAPOR., KCAL
H -H 2.895 KCAL MOLAR VOLUME 0.75215 CAL/BAR
298 0

TRANSITIONS IN REFERENCE

STATE ELEMENTS

MAGNESIUM.. M. P. 922, B. P. 1363 DEG K.
SILICON.eee M. P. 1685 DEG K.
REFERENCES 74 78 153 COMPILED

4-29-67




PROPLERTIES AT HIGH TEMP ERATURES 223

RHODONITE GRAM FCRMULA WEIGHT 131.022
&=z dc =TSRSS ISESSES SIS CCS S S SRS SSS S SSSSSRISIESSTSSISITSSTS=SS=ETR
Mn5i03: Crystals 298.15° to melting point 1564°K.
FCRMATION FRCM THE ELEMENTS
TEMP, H -H S -{6 -H VT ememee- el e it
T 298 T T 268 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFw) (KCAL/GFHW)
298.15 0.000 24,50 24.50 -315.620 -297.390 217.992
UNCERTAINTY 0.50 0.50 0.470 0.500 0.367
400 2.300 31.12 25.27 =-315.612 -291.162 159.083
500 4.800 36.69 27.C9 -315.449 -285.064 124,601
600 T.430 41.48 29.10 -315.329 -279.074 101.652
700 10.200 45,75 31.18 -315.022 ~272.985 85,229
800 13.070 49.58 33.24 -314.775 -266.999 72.941
900  15.970 52,99  35.25  -314,5T1 __ 261,032 ' _ 63,387
1000 18.890 56.07 37.18 -314.936 -255.,090 55.750
1100 21.850 58.90 39.C4 -314,779 -249.115 49,494
1200 24.870 61.52 40.80 -314.582 -243.156 44,285
1300 27.950  63.98  42.48 =314,359____-=237.204___ 39,871
1400 31.090  66.31  44.10 314,678 Z231,266 0 36,102
1500 34.300 68.53 45.66 -314.999 =-225.311 32.828
MELTING POINT 1564 DEG K BOILING POINT DEG K
HEAT QF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME 0. 84034 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

MANGANESE.. ALPHA-BETA 990, BETA-GAMMA 1360, GAMMA-DELTA 1410,
M. P, CELTA 1517 DEG K.
SILICON.ose M. P, 1685 DEG K.

- e e e e o o " -~~~ - = = - - - - -

REFERENCES 74 122 82 COMPILED
4-29-67
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224 THERMODYNAMIC PROPERTIES OF MINERALS

JADEITE

GRAM FORMULA WE IGHT

202.140

=T ZEZES =TI ETSSEEIS SRS S ESS S CCE IS ST IIESTESSTESSTTSSESEITTSTITI=

NaAl(SiO3)2: Crystals 298.15° to 1200°K.

FCRMATION FRCM THE ELEMENTS

TEMP. H =H S =6 ~H )T =--me-- T DT RN S
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFh) (KCAL/GFH)
298.15 0.000  31.90  31.90 -719.871  -677.206  496.404
UNCERTAINTY 0.30 0.20 1,000 1.010_____ 0.740
400 4.250  44.10  33.47 -720.791  -662,633  3562.045
500 8.970 54.62  36.68 -720.728  -647.958  283.221
600 14.040  63.86  40.46 -720.447  -633.433  230.727
700 19.360 72,05  44.39 -720.034  -618.959 193,247
860  24.860  79.39  48.31 -719.552  -€04.551  165.155
900 30.490  86.C2  52.14 =719.056____-=590.205___143.321
1000 36.240  92.08  55.84 2721.070  -575.720  125.823
1100 42.120  97.68  59.39 2720.440_ _ =561.213 111,502
1200 48,160 102.94  62.81 2742093577 75554623237 99.499
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H  -H KCAL MOLAR VOLUME  1.4435 CAL/BAR
298 0
TRANSITIONS IN REFERENCE STATE ELEMENTS
ALUMINUM.o. M. P. 933 DEG K.
SODIUMeseos Mo P. 370.98, B. P. 1176.9 DEG K.
SILICON..ss M. P. 1685 DEG K.
REFERENCES 74 78 165 COMPILED
96 4-29-67




PROPERTIES AT HIGH TEMPERATURES 225

TREMOLITE GRAM FORMULA WEIGHT 812,409

t==============================;=====:=:============== S==zSS=S=T=SS=E=
CazMgssisozz(OH)zz Crystals 298.15° to 1100°K.

- = = - o = = - - = - - - - -

FCRMATION FROM THE ELEMENTS

TEMP, H -H S -(G ~H V/T =cemeccea=- e e D L D D D D o
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
298.15 0,000 131.19 131.19 -2952.935 =2779.137 2037.157
UNCERTAINTY 0.30 0.320 4,140 4,150 3.042
400 17.375 181.14 137.70 -2953.488 ~2719, 647 1485.942
5C0 36.516 223.15 150.72 -2952.751 -2661.239 1163.223
600 57.054 261413 166,04 -2951.329 -2603.034 948.152
700 78.638  294.44 182,10  =2949.511 __=2545,161 __794.633
800 101.089 324,43 198.07 -2947.470 -2487,580 679.573
900  124.309  351.74  213.62  =2945.105 __-2430.170___590.124
1000 148.241 376,93 228,49 -2953.240 -2372.150 518.432
1100 172.847 400.35 243.22 =-2950.360 -2314.120 459,772
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H 23.338 KCAL MOLAR VOLUME 6.5229 CAL/BAR
298 0O

TRANSITIONS IN REFERENCE STATE ELEMENTS

CALCIUM.... ALPHA-BETA 737, M. P. BETA 1123, B. P. 1756 DEG K.
MAGNESIUM,. M. P. 922, B. P. 1363 DEG K.
SILICONeeee M. P. 1685 DEG K,

REFERENCES 132 137 169 COMPILED
4-29-67




226 THERMODYNAMIC PROPERTIES OF MINERALS

ANORTHITE GRAM FORMULA WEIGHT 278.210

fzczdrS otz s=a2 S22 RS2 S =SS S cS3SSS IS S SSSSSSSSSSSSSSS 2SS ss s

CaAlzsiZOB: Crystals 298.15° to melting point 1825°K.

FORMATION FROM THE ELEMENTS

TEMPe H =-H S -{(G -H )/T eemmerrcccccccccc e ne-
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K {(KCAL) (CAL/DEG-GFHK) (KCAL/GFW)
298.15 0.000 48.45 48445 -1009.300 -955,626 700.491
UNCERTAINTY 0430 0.30 1.150 1. 160 0.850
400 54570 64.47 50454 -1009.528 ~-937. 460 512.203
500 11.750 78.23 54.73 -1009.311 -919,.,188 401.776
600 18,450 90.44 59,69 -1008.818 -901.214% 3284266
700 25.410 101.16  64.86  =1008.287 __ -883,317__ 275,783
800 32.570 110.72 70.C1 -1007.800 ~B865. 506 236.444
900  39.910 119.35  75.01  =1007.310 __ -847.733 __ 205.857
1000 47,430 127.28 79.85 -1011.924 ~-B829. 650 181.319
1100 55.130  134.62  84.50  =1011,336___ =811.459___161.222
1200 62.970 141.44 B8.96 ~1012.458 -793.184 144,458
1300 70.930 147.80 93,24 -1011.486 -774.930 130.277
1400 79.050 153.82 97.36 -1010.396 -756. 783 118.139
1500 8T.450 159,62 101.32 -1009.066 -738.733 107.633
1600 96.170  165.24 105.13  =1007.452 __ =720.770___ 98.452
1700 105.230 170.73 108,83 -1029.670 -702. 699 90.338
MELTING POINT 1825 OEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME 2.4089 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM... M. P. 933 DEG K.
CALCIUM.eoo ALPHA-BETA 737, M., P. BETA 1123, B. P. 1756 DEG K.
SILICON.oee Mo P, 1685 DEG K.

REFERENCES 74 78 6 COMPILED.
72 4-29-67

- > - - - - = - Y " -~ " " - - - - - -



PROPERTIES AT HIGH TEMPERATURES 227

MICROCLINE GRAM FORMULA WEIGHT 278.337

£- T SESS 3SR =SS S S 23S =SS SSIRSSSS SRS S TS SIS S S S S IS S SSSSSSSSSSsSsS

KAlSi308: Crystals 298.15° to 1400°K.

- s e e e e e - ————— -— ——————————— = -

FCRMATION FROM THE ELEMENTS

TEMP, H =H S -{G -H T =eme—mmmeemmm e
T 298 T T 268 ENTHALPY FREE ENERGY L0OG K
DEG K (KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.15 0,000 52.47 52447 =946,265 -892.817 6544451
UNCERTAINTY 0.80 0.80 ___0.930 0.970 0.711
400 5.500 68,28 54,53 -947.146 -874.504 477.805
500 11.550 8l1.76 58,66 . -947.032 -856.210 374,248
600 17.950 93.42 63.50 -946.753 -838.073  305.267
700 24.800 103.97 68.54 -946.189 -820.001 256.015
800 32.000 113.58 73.58 -945.428 -802. 026 219,103
900 39.400 122.29  7T8.51  =944.618 __ -784.144_ _ 190,416
1000 46,900 130.19  #3.29 345,370 766,150 167.441
1100 54,500 137.44 87.89 -964.439 -747.152 148.445
12C0 62.200 144,14 92.21 -963.325 ~T27. 454 132.487
1300 70.000 150.37 96452 ~-962.164 -707.836 118.998
1400 77.900 156,23 100.59 -960,950 -688. 315 107.451
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT CF VAPOR, KCAL
H ~H KCAL. MCLAR VOLUME 2.5984 CAL/BAR
298 0

TRANSTITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM,, . M,

POTASS

TUM. .

P. 933 DEG K.
Pe 336.4y B. P.

SILICON.oee M. P. 1685 DEG K,

1043.7 DEG K.

e o o e o e = = - = - - - -~ - ———

REFERENC

ES 167

166 COMPILED
168 5-18-67



228 THERMODYNAMIC PROPERTIES OF MINERALS

HIGH-SANIDINE GRAM FORMULA WEIGHT 278.337

k=2 SC=SCSS ST SSSSSCE=ZSSSCS IS S E RSOSSN SR SSSSSSST=I=SS

KAlSi3OB: ‘Crystals 298.15° to melting point 1473°K.

e e e o o e e e s e 2 e o e o > - - -

FCRMATION FROM THE ELEMENTS

TEMP., H =-H S -(G -H L B i et
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K {(KCAL) (CAL/DEG-GFW) (KCAL/GFW)
298.,15 0,000 56.94 56.9% -944,378 -892, 263 654,045
UNCERTAINTY 1.00 1.0 __0.930_ 0.980 0.718
400 5.500 72.75 59.C0 -945.259 -874. 405 477.751
500 11.550 86.23 63.13 -945.145 ~856.558 374,400
600 17.950 97.89 6T7.97 -944.866 -838.868 305.557
700 24.800 108.44 73.C1 -944,302 -821. 243 2564403
800 32.000 118.C5 78.05 -943,541 -803,715 219.564
900 39,400  126.76  82.98 942,731 . -786,280 _ 190,934
1000 46.900  134.66  87.76 344,433 Z768.733__188.008
1100 54.500 141.91 92,326 -962.552 -750.182 149,047
1200 62.200 148.61 96.78 -361.438 =730.931 133,120
1300 70.000 154,84 100.99 -960.277 -711.760 119.657
1400 77.900 160,70 105.C6 -959,063 -692. 686 108.133
MELTING POINT 1473 DEG K BCILING POINT DEG K
HEAT OF FUSION 14,702 KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME 2.6063 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM... M. P. S33 DEG K.
POTASSIUM.. M. P. 326.4, 8. P. 1043.7 DEG K.
SILICONeees Mo P. 1685 DEG K.

REFERENCES 167 148 166 COMPILED
167 4-15-67

- = > 2 2 ) - - = - - - - - —
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PROPERTIES AT HIGH TEMPERATURES

229

GRAM FORMULA WEIGHY 278.337

-SRI S SS SIS SS SIS I SESSS SIS 2SS SSSSSSISSNSSS=SSISSSSISSScS

KAlSi_O : Crystals 298.15° to 1400°K.

378

TEMP. H -H
T 298
DEG K (KCAL)
298.15 0.000
UNCERTAINTY

400 5.500
500 11.550
600 17.950
700 24.800
800 32.000
9C0 39.400
1000 46.900

11Cco 54.500
1200 62.200
1300 70.000
1400 77.900

T

-{G -H
T 298

(CAL/DEG-GFW)

55.99
1.00

71.80
85.28
96.94
107.49
117.10
125.81
133.71

140.96
147.66
153.89
159.75

55.99
1.C0

58.C5
62.18
67.C2
72.06
77.10
82.03
86.81

91.41
95.83
100.C4
104.11

LOG K

477.883
374.464
305.576
256.389
219.527
190.878

148.963
133.026
119.554

ENTHALPY FREE ENERGY
(KCAL/GFHW)

-945,000 -892, 602

_le200 1.240____ 0.909
-945,881 -874., 647

-945,767 -856. 705

-945,488 -838, 920

-944,.,924 -821. 200

=944,163 -803.577

-943,353 -786.047
Z9450T08 77 21681405 1672934
-963,.174 -749,. 759

-G€2.060 -730.413

-960.899 -711. 147

-959,685 -691,978

108,022

- e e e . - = = - - - - -

BOILING POINT

MELTING POINT
HEAT OF FUSION

H -H
298 0

HEAT OF VAPOR.

MCLAR VO

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM, ..

M. P
POTASSIUM,. M, P, 236.4,
SILICON.eos M. P.

633 DEG K.

B. P.

1685 DEG K.

LUME 2.5881

1043.7 OEG K.

KCAL

CAL/BAR

- - - = et 2 o " = " -~ o - > % T 4= - - -

REFERENCES 74

44

COMPILED

4-15-67

- - - - - " =~ - - - -



230 THERMODYNAMIC PROPERTIES OF MINERALS

KALSI308 GLASS GRAM FORMULA WEIGHT 278.337

o CE=SSETCST TS SSS TS =ZS 2= S SCS =SS SIS ISSETSSSCSSSSSSSS=SSSISESI=TSZSS===T

KAlSiBOB: Glass 298.15° to 1400°K.

TEMP, H -H S -(G -H V/T = emecccccccccccc et nee
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W)} (KCAL/GFHW)
298.15 0.000 63,28 63,28 -933.276 -883.051 647,292
UNCERTAINTY 1.00 1.c0 ___0.910 ______ 0.960 0.704
4C0 54542 719.20 65.325 -934,.115 -865. 841 473.072
500 11.743 93.01 69.53 -933,.850 ~848. 655 370.946
600 18.341 105.C3 T4.47 -933,373 -831.662 302.932
700 254391 115.89 79.62 ~932.609 -814.767 254,381
800 32,772 125,74 84.78 -931.667 -797.997 218.002
900 40.331  134.64  89.83  -930.698 __ -781.342 189,735
1000  47.988  142.71  94.72 332,293 . =744.531_""167.101
1100 55,783 150.14 99.43 -950.167 -746.854% 148.386
1200 63.777 157.10 103.95 -948.759 -728. 438 132.666
1300 12.049 163,70 108,28 -947.126 -710.133 119.384
1400 80.702 170,12 112,48 ~945,159 -691.972 108.021
MELTING POINT DEG K BCILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR, KCAL
H -H KCAL MOLAR VOLUME 2. 7844 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM... M. P. 933 DEG K.
POTASSIUM.. M. P. 336.4y B. P. 1043.7 DEG K.
SILICON+.os Me P, 1685 DEG K.

REFERENCES 166 166 166 COMPILED
167 ) 4-15-67

B S U — - - - - ——— - - -




PROPERTIES AT HIGH TEMP ERATURES

LOW=-ALBITE

231

GRAM FORMULA WEIGHT 262.224

#£zs=d4=ssts==ssS=ssssSssS=Sss=sSSasS-S=SsSSSsss=SsssSsssSSsssSsSssSszsssSsSsss===

Crystals 298.15° to 1400°K.

NaAlSl308:
TEMP. H -H S -G -H
T 298 T T 29
DEG K (KCAL) (CAL/DEG-GF W
298,15 0.000 50.20 50,2
UNCERTAINTY 0.40 0.4
400 5.410  65.75 52,2
500  11.390  79.07  56.2
600  17.900  90.93  61.1
700 24.690 101.40  66.1
800  31.690 110.74  Tl.1
900  38.870 119.19  76.0
1000 46.220 126454  80.7
1100  $3.720 134,08  85.2
1200 61.340  140.71  89.5
1300  69.060 146.89  93.7
14C0  76.860 152.67  97.7

- > e e = = > - -~ —— = = = = - = o - = - -

MELTING POINT DEG K
HEAT OF FUSION KCAL
H -H KCAL
298 0
TRANSITIONS IN REFERENCE STATE
ALUMINUM,.., M. P, 933 DEG K.
SO0IUMesees Me Po 370.98, B.
SILICON«eee M. P. 1685 DEG K.
REFERENCES 74 79

A B e e
8 ENTHALPY  FREE ENERGY LOG K
) (KCAL/GFW)

0 -937.146  -883.988 647,979
0 --0.780_ ______ 0.760_____ 0,357
2 -938.146  -865.822 473.062
9 -928.100  -847.598  370.484
0 -937.706  -829.536  302.158
3 -937.192  -811.555 253,378
3 -936.614  -793.643  216.813
0 936,002 ___-115.802_ __188.330
2 2937.8737 7 T TI757.8397 165.625
4 -937.101 _ -739.866_ __146.991
9 2959.5107 T=721.521  131.407
7 -958.429  -701.740 117.973
7 -957.315  -682.027 106,469
BCILING POINT DEG K
HEAT OF VAPOR. KCAL
MOLAR VOLUME  2.3917 CAL/BAR
ELEMENTS
P. 1176.9 DEG K.

COMPILED
4~15-67

-



232 THERMODYNAMIC PROPERTIES OF MINERALS

HIGH-ALBITE GRAM FORMULA WEIGHT 262.224

2RSS IS SIS =SS IS CSSSISZEAS S ST IS ISITIISSSISIIST SIS =

NaAlSi308: Crystals 298.15° to 1400°K.

- " - - -

FORMATION FROM THE ELEMENTS

TEMP, H -H S “(6 =H /T —m e e -
T 298 T T 298 ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GFHNW) (KCAL/GFW)
298.15 0.000 54,67 54467 -934,513 -882.687 647,025
UNCERTAINTY 0.45 0,45 ___9:129 _______ 91129 _____ 9:232
400 5.530 70.56 56674 ~935.393 -864.995 472.610
500 11.627 84.14 60.89 -935.230 -847.263  370.338
600 18.254 96.21 65.78 -934,719 -829.715 302,223
700 25,162  106.85 70.90 -934,087 -812.264  253.600
200 32,279  116.33 75.99 -933,392 ~794.897  217.155
900 39,576 124,91 80,94 -932.663____=117.614___188.830
1000 47.044 132,78 85.73 -934.416 =760.220 166.145
1100 544661 140.02 90.33 =933.527____=142.824___147.585
1200 62.398  146.74 94,74 =955.819 -725.067 132.052
1300 70.236  153.01 98,98 -954,620 -705.882 118,669
1400 78.153  158.86 103.C4 -953,389 -686.773 107.210
MELTING POINT 1391 DEG K BOILING POINT DEG K
HEAT OF FUSION 13.560 KCAL HEAT OF VAPOR. KCAL
H -H KCAL MOLAR VOLUME  2.4003 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM... M. P. 933 DEG K.
SODIUMecses M, P, 370.98, B. P. 1176.9 DEG K.
SILICONsees M. P, 1685 DEG K.

REFERENCES 62 168 166 COMPILED
167 : 4-15-67




PROPERTIES AT HIGH TEMP ERATURES

NAALSI308 GLASS GRANM FORMULA WEIGHT

233

262.224

EC-S T2 N E ST TSRS S S CSSE¥SEI S SIS SNIEIISSTTIIISSSSSISSSSTTIIITITITSS

NaAlSi_O_,: Glass 298.15° to 1400°K.

3°8
FORMATIDN FROM THE ELEMENTS
TEMP, H ~H S -{G -H J/T =cccccccccccccncccrcccccranee
T 298 T T 298 ENTHALPY FREE ENERGY LOG K

DEG K (KCAL) (CAL/DEG GFW) {(KCAL/GFW)

298.15 0.000 62.95 62.95 -922.609 ~873.252 640,109
UNCERTAINTY 0.60 0.60 ___0.760_______ 0.790_____ 0.579

400 5.468 78.66 64.99 -923.551 -B856.393 46T7.910

500 11.536 92.C8 69.C1 -923.417 =839, 419 366.909

600 18.167 104.26 73.98 -922.902 -822.730 299,678

700 25.118 114.98 79.09 ~922,227 -806.093 251.673

800 32.321 124.59 84.19 -921.446 -789. 552 215,695
900 39.751  133.33 89.16 =920.584_ ___=113.110___187.736
10C0 47.400 141.40 94.C0 -922.156 -756.578 165.350
1100 55.254  148.87 98.64 =921.030____-740.066__ _147.037
1200 63.286 155.86 103.12 -943.027 -723.219 131.716
1300 T1.480 162.42 107.44 -941.472 ~7064.972 118,516
1400 79.820 168.60 111.59 -939.818 ~686.832 107.219
MELTING POINT DEG K ' BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR, KCAL
H -H KCAL MOLAR VOLUME 2.6311 CAL/BAR
298 O
TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM... M. P. 933 DEG K.

SODIUMeeees Me P, 270,98y B. P. 1176.9 DEG Ke

SILICON.ees Me P, 1685 DEG K.
REFERENCES 166 168 166 COMPILED

4-29-67
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THERMODYNAMIC PROPERTIES OF MINERALS

NEPHEL INE

dzezds==c=z====

GRAM FORMULA WE IGHT

IS SESSrI SRS S S S =SSN E S SS S SCSZSSE=CS == SSTIIISSSTS==S

142.055

NaAlSi04: Crystals 298.15° to 1521°K. Carnegieite is the stable
phase above 1521°K.
FORMATION FROM THE ELEMENTS
TEMPs H ~-H S -{G -H V/T —eemcemmm e e cc e mm e
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG~GFW) (KCAL/GFMW) .
298.15 0.000 29.72 29.72 -497.029 ~469.664 344,272
UNCERTAINTY 0.30 0.20 1,000 1,010 _ 0.740
400 3.095 38.62 30.88 -497.864% -460.339 251.517
500 6.280 46.93 34.27 -498.059 -451.401 197.307
600 10.420 53.49 36.12 -497.381 -441.543 160.832
700 14.150 59.23 39.C2 -497.189 ~432.247 134.953
800 18.000 64.37 41.87 ~496.953 -422.987 115.554
900  21.970  69.05  44.€4 =496.683____=413.761___100.475
1000 26.050 73.34 47.29 -498.910 -404,364 88.373
1100  30.370  77.46  49.85 =498.362____=394.941____78.467
1200 35.050 81.53 52422 =520.723 -385.121 70.140
1300 39.330 84.96 54,71 -520.064% -373.854 62.850
1400 43,620 88.14 56498 -519.416 -362.630 56.609
1500 47.920 91.11 59.16 -518.778 ~351.471 51.209
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR, KCAL
H. -H KCAL MOLAR VOLUME 1.2944 CAL/BAR
298
TRANSITIONS IN REFERENCE STATE ELEMENTS
ALUMINUM.eoe M. P, 933 DEG K.
SODIUMeeses P. 370,98y B. Pso 1176.9 DEG K.
SILICONeseos P. 1685 DEG K.
REFERENCES 74 78 165 COMPILED

4-15-67
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PROP ERTIES AT HIGH TEMP ERATURES 235

MUSCOVITE GRAM FORMULA WEIGHT 398.313

Aoz o s E= 3RS 3S NS S S S SSSCSSSSSSCSESSSSSSSSTSSE SIS SSSTSSISTTSSTISTES

K i . ° °
A12[A1813010] (OH)Z' Crystals 298.15° to 1500°K.

FORMATION FROM THE ELEMENTS

TEMP. H -H S =16 =H /T mmmemeeeeo e
T 298 T T 298 "ENTHALPY  FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) {KCAL/GFW)
298,15 0.000  69.00  69.C0  -1421.180 =-1330.103  974.989
UNCERTAINTY 0.70 0.70  _ 1.300 1,320 _ 0.968
400 8.670  93.91 72,23  -1422.266 -1299.,103  709.795
500  18.340 115.44 78,76  -1421.955 <-1267.921  554.206
600 28,770 134,45 86,50  =-1421.174 =-1237.193 450,646
700 39.660 151.23 94,57  -1420.198 ~-1206.604 376.718
800 50,910 166,24 102.60  -1419.123 -1176,162 321,312
900 62,520 179.91 110,44  -1417.967 __-1145.857 __278.251
1000 744490 192.52  118.0C3 1424.287 _ -1115,119 __243.708
1100 86,785 204.23  125.34  -1441.583  -1083.255 215.222
1200  99.382  215.19 132,37  -1439.520 -1050,773  191.371
1300 112.272 225.51 139.14  -1437.243 -1018.475 171.221
1400  125.449 235,27  145.66  -1434.752  -986.342 153.974
1500 138.909  244.55 151.95  -1432.050  -954.438  139.061
MELTING PGINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H  -H KCAL MGLAR VOLUME  3.3630 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM..e M. P. 933 DEG K.
POTASSIUM.. M. P. 236.4, B. P, 1043.7 DEG K.
SILICONsees Mo Po 1€85 DEG K.

REFERENCES 119 117 9 ‘COMPILED
125 2-12-67



236 THERMODYNAMIC PROPERTIES OF MINERALS

FLUORPHLOGOPITE GRAM FORMULA WEIGHT 421.268

Erzzscds TS oIS == TS SSSSS ST SSSSISSEIS33TSTISSITISTIISSTEISSTISSTISESI=T=SSS=I= =

KMq3[A151 OlO]F2 Crystals 298.15° to melting point 1670°K.

Liquid 1670° to 1800°K.

TEMP. H =~H S -{G -H /T == mm s s e e n e
T 298 T T 268 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG~GFNW) (KCAL/GFW)
298.15 0.000 75.90 75.90 -1522.020 -1439,522 1055.195
UNCERTAINTY 0.50 0.50 ___1s200 _____ 1,210 ____0.887
400 8.930 101.58 79.25 -1522.842 -1411. 286 771.089
509 18.680 123.31 85.95 -1522.483 -11383.300 604.638
600 29.030 142.17 93,79 -1521.839 -1355,.514 493.744
700 39.810 158.78 101.91 -1521.056 -1327.8%2 414,573
800 50.870 173.54 109.95 -1520.265 -1300. 315 355,229
900  62.150  186.83  117.77  =-1519.518___-1272.855___309.091
1000 73.630 198.92  125.29  =1527.753___=1244. 163 2724042
1100 85.300 210.04 132.49 -1545.823 -1215., 457 241.488
1200 97.170 220,37 139,39 =1544.624 -1185,516 215,911
1300  109.240  230.03  146.C0  -1543.293___-1155.628___ 194,218
1400 121.510 239.12 152.23 ~-1632.855 -1123.367 175.365
1500 133,980 247.72 158,40 -1630.390 -1087.092 158.389
1600 146.650 255.90 164.24 -1627.777 -1050.977 143.556
1670 155.620 261.39 168.20 -1625.844 -1025. 809 134.245
1670 229.420  305.58 168,20  -1552,044 __-1025.809_ __134.245
1700 234,350 308.50 170.¢€5 -1586.391 - -1016.026 130.619
1800 250,740 317.87 178.¢57 ~1579.945 -982, 658 119,311
MELTING POINT 1670 DEG K ROILING POINT DEG K
H=AT OF FUSION 73,800 KCAL HEAT OF VAPOR. KCAL
H -H KCAL MCLAR VOLUME 3.4983 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

ALUMINUM... Mo Po 923 DEG K.

POTASSIUM.s M, P. 23644, B. P, 1043.7 OEG K.
MAGNESIUM.. M. P. 922, 8. P. 1363 DEG K.
STLICON«ese M. P. 1685 DEG K.

REFERENCES 74 78 17 COMPILED
3-31-67



PROPERTIES AT HIGH TEMP ERATURES 237

TALC GRAM FORMULA WEIGHT 379,289
==z=8

2 EE=IS3S3IRTE =SS SIS SIS SIS TS SS S S S S S S SRS ST ES T ST TS SSSSESSISIESTS

Ma,8i,0 ((OH),: Crystals 298.15° to 1100°K.

3

FORMATION FRCM THE ELEMENTS

TEMP, H =-H N -{G -H WrTo -~ —————
T 298 T T 298 ENTHALPY FREE ENERGY LOG K
DEG K (KCAL) (CAL/DEG-GF W) (KCAL/GFW)
Py SO S wegmremmer e e —————————————
298.15 0.000 62.34 62.34 -1415.205 ~1324.486 970.871
UNCERTAINTY 0.15 0.15 1.710 1. 720 1.261
400 8.561 86.94 65.54 ~1415.622 -1293.412 T06.686
500 17.997 107.97 71.98 -1415.372 -1262.882 552.004
600 28.148 126.46 79.55 -1414.737 -1232.432 448.912
700 38.889 143.01 87.45 -1413.812 -1202.119 375.317
800 50.152 158.C3 95.34 -1412.633 -1171.957 320.163
900 61.903  171.87  103.09  -1411.211 _-1141.942 __277.301
1000 74,121 184.75 110.¢€3 -1415.944% -1111.578 242.935
1100 86.793 195.81 116.91 -1413.928 ~1080.098 214.595
MELTING POINT DEG K BOILING POINT DEG K
HEAT OF FUSION KCAL HEAT OF VAPOR. KCAL
H =-H 11.2C6 KCAL MOLAR VOLUME 3.2564 CAL/BAR
298 0

TRANSITIONS IN REFERENCE STATE ELEMENTS

MAGNESIUM., M. P, 922, B. P, 1363 DEG K.
SILICONseee Mo P. 1685 DEG K.

RFFERENCES 137 137 8 COMPILED
137 4-29-67
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238 THERMODYNAMIC PROPERTIES OF MINERALS

1 Adami, L. H., and Kelley, K. K., 1963, Heats of formation of two crystalline
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SO, —~ 18
s . ... 13,66
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Se,0p . 18
Se .-- 18,67
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Sn 14, 69
SnO, . ______._18,143
SnS 15, 90
Sr s~ 14,70
Sr++ L _ $em 14
SrCO, ---21,186
SO0 ~--18, 144
SrSO, . 22
Te - e 14,71
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Th 14, 72
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T o 14,78
TiO0, 18, 146, 147
U oo 14,74
U+++ e 14
U++++ 14
uo, 19, 148
Vo 14,75
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