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THERMODYNAMIC PROPERTIES OF TWO LITHIUM SILICATES
(Li,Si0; AND Li,Si,0s)

by

K. Os Bennington, 1 M. J. Ferrante, ! and Jo M. Stuvel

ABSTRACT

Thermodynamic properties were determined by the Federal Bureau of Mines
for lithium metasilicate (LiySiOy) and lithium disilicate (LizSiz0gz). Their
enthalpies of formation were investigated by hydrofluorlc acid solution calo-
rimetry. The standard values are

AHfSge -393.8 * 0.8 kcal/mole for Li,SiOs,

and AHfSgg = -611.8 * 1.0 kcal/mole for Li,Si,Og.

Enthalpy increments above 298 K were measured by copper-block drop calorimetry
from 298 to 1,404 K for LizSiOs, and from 298 to 1,281 K for LiySiy05. Low-
temperature heat capacities were determined adiabatically from 6 to 305 K for
LizSiz05 only. The derived standard entropy is Sgeg = 29.20 * 0.10

cal/deg-mole.

The various experimental data were combined with other data from the lit~-
erature, and resulting properties of AHf®°, AGf®°, and log Kf were tabulated as
a function of temperature. ‘

INTRODUCTION

This investigation of the thermodynamic properties of synthetic lithium
metasilicates and dissilicates is one of a series on lithium minerals. The
enthalpies of formation, low-temperature heat capacities, and high-temperature
enthalpies of minerals in the Li0-Al,03-Si0; system (13-14),° eucryptite
(LiAlSi0,), and spodumene (LiAlSi,0Og) have been reported by this laboratory
(1, 12). Reports on data for natural petallte (LiAl8i,0,5) and lepidolite
(RLi; A1Si, 0,0 (OH,F);) are planned.

There are no values reported in the literature for the low-temperature
heat capacity of lithium disilicate or for the high=-temperature enthalpy for
either of the two lithium compounds. Values for the heats of formation

1Research chemist.
®Underlined numbers in parentheses refer to items in the list of references at
the end of this report.
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determined by Kracek (2) were listed in an annual report of the Geophysical
Laboratory.

The two synthetic lithium silicates used in this study also appear in the
Nag 0-Liz 0-Si0, system (10). The information gained from this investigation
contributes to the knowledge of equilibrium at low temperature and has appli-
cations in the fields of extractive metallurgy, ceramics, and geochemistry.

MATERIALS

Lithium Metasilicate (Li5;Si0z)

Lithium metasilicate was prepared by heating a stoichoimetric mixture of
the reagent-grade compounds lithium carbonate and silicic acid. The mixture
was heated in a nickel crucible for 8 days at 700° C, for 3 days at 800° C,
and for 4 days at 900° C. Finally, the material was heated in a platinum cru-
cible for 8 days at 1,100° C. The product was ground and screened after each
heating, and analyses and composition adjustments were made. Final analysis
gave 66.76 pct Si0; and 33.11 pct Li, 0, compared with the theoretical 66.79
pet 8i0; and 33.21 pet Liz 0. The X-ray diffraction pattern agreed with that in
the ASTM card catalog. No calorimetric corrections were made for the slight
compositional deficiencies.

Lithium Disilicate (Li;Siy0g)

The disilicate was synthesized in a manner similar to that used for the
metasilicate. The proper mixture was heated in a nickel crucible for 5 days
from 800° to 900° C, and for 9 days at 970° C. Finally, the mixture was
heated in a platinum container for 36 hours at 1,000° C. The preparation was
ground, screened, mixed, and analyzed several times during the preparation
procedure. Adjustments in composition were made as necessary. Analysis for
the final sample showed 80.00 pct Si0; and 19.95 pct Liy 0, compared with the
theoretical 80.09 pct Si0O; and 19.91 pct Liz 0. The X-ray diffraction pattern
was the same as the one given in the ASTM file. The sample was considered
pure for calorimetric purposes.

Other Substances

The quartz used in the investigation was from a single, clear crystal.®
The material, reduced by grinding in an agate mortar to a particle size rang-
ing between 10 and 20 micrometers, was segregated for use by water sedimenta-
tion. Aluminum and titanium were found spectroscopically to be present but in
amounts too small for compositional corrections. The sample for each solution
determination was heated through the @-B transition immediately prior to use.

The remaining materials=--hydrochloric acid solutions, hydrofluoric=-
hydrochloric acid solvent, and lithium chloride~-were of reagent-grade quality.
The acids required no special treatment other than dilution with distilled

3The quartz specimen was provided by Edwin Roedder, U.S.Geological Survey,
Washington, D. C.



water to the proper strength. The lithium chloride was heated to 450° C to
constant weight before use.

ENTHALPIES OF FORMATION

The enthalpies of formation were determined by hydrofluoric acid calo-
rimetry. The apparatus used was one described earlier (9, 17), with a few
alterations. The platinum-rhodium solution vessel was suspended within a
new outer housing made of very heavy copper. The copper housing, in turn, was
suspended in a Transite-covered® water bath by heavy copper tubes attached to
a Micarta lid. The escape of water vapor from the bath (operated at 73.7° C)
was satisfactorily retarded by a covering of copper sheet on the underside of
the bath cover. Openings in the bath cover were also copper-surfaced to pro-
mote condensation and return of water to the bath. The bath was controlled to
within 0.005° C. The thermal leakage modulus for this calorimeter is 0.0029
min7? ,

Measurements of temperature and energy utilized a Guildline Nanopot poten-
tiometer in conjunction with a Keithley 147 Nanovolt null detector. During
calibration the period of electrical energy input was measured with an elec-
tronic counter-timer.

The solution medium was 950.0 grams of an acid mixture composed of 20.0
wt=pct hydrofluoric acid and 5.0 wt=pct hydrochloric acid. The quantities of
reacting substances were stoichiometric with 0.742 gram of quartz. Substances
to be dissolved were placed in Teflon tape capsules which, when sealed with
paraffin, would spring open at the reaction vessel temperature and disperse
the sample. The solution process consisted of dropping the capsule and its
contents from room temperature (near 25° C) into the solution calorimeter
which was operated at 73.7° C. Corrections were made for the heat effects of
the paraffin and Teflon as well as for gold weights contained as sinkers with
the samples.

The precision uncertainty assigned to the mean of solution heat values is
twice the standard deviation of the mean. When two or more separate heat
values are combined, the uncertainty is taken as the square root of the sum of
the squares of the individual uncertainties.

All heat results here and in other parts of this investigation are
expressed in terms of the thermochemical calorie (1 calorie = 4.1840 joules).
Weighings are corrected to vacuum, and molecular weights conform to the 1973
Table of Atomic Weights (7).

Lithium Metasilicate (LizS8iOgz)

The reaction scheme for obtaining the enthalpy of formation of lithium
metasilicate is given in table 1. The reactions are written in an abbreviated
form sufficient to show that rigid stoichiometry was maintained. Table 1 also

4Reference to specific manufacturers, brands of equipment, and trade names is
made for identification only and does not imply endorsement by the Bureau
of Mines,




contains the heat values and uncertainties for the individual reaction steps.
The symbols s, 1, and sol denote substances that are crystalline, liquid, and
in solution.

TABLE 1. - Reaction scheme for lithium metasilicate

(L1510,)
Reaction AH, kecal | Uncertainty,
kcal

(1) Si05(s,25°) + 6HF(sol, 73,7°)

= HySiFg(s01,73.7°) + 2H;0(s01,73.7°) vevvre..... -34.304 0.042
(2) 2LiCl(s,25°) = 2Li*(s01,73.7°)

H2CLT(S00,73.7%) ettt e e -13.404 .022
(3) 26.462H;0(1,25°) = 26.462H50(s01,73.7°) e uvuvvnn.. 18.762 .238
(4) 2(HC1-12.731H,0)(1,25°) = 2H"(s0l,73.7°)

+ 2C17(s01,73.7°) + 25.462H,0(s01,73.7°)........ 20.662 .054
(5) LiySi0s(s,25°) + 6HF(sol,73.7°)

+ 2H%(s01,73.7°) = 2Li%(s01,73.7°)

+ Hy 8iF5 (s01,73.7°) + 3H;0(s01,73.7%) cueennn... -59.362 .017

(6) 2LiCl(s,25°) + 8i0,(s,25°) + 26.462H,0(1,25°)
= LigSiOa (S,ZSO) + 2(HC1'12,731H20)(1,25°)
AHS=AH1+AH2+AH3"AH4'AI‘15
AHg = 9.75 % 0.40 kcal

Reactions 1, 2, and 3 were determined consecutively in 950.0 grams of a
solution containing 20.0 wt-pct hydrofluoric acid and 5.0 wt=pct hydrocloric
acid. Reactions 4 and 5 were determined consecutively in a change of solvent.

The experimental heats of solution relating to lithium metasilicate are
given in table 2, together with mean values and precision uncertainties.

TABLE 2. - Experimental heats of solution, kcal/mole

H
Si0;, LiCl(s), H,0(1), HC1°12.731H,0(1), | LizSi03(s),
reaction 1 reaction 2 | reaction 3 reaction 4 reaction 5
=34,259 =6.707 0.703 10.354 -59.383
=34.329 -6.696 .708 10.272 ~59.341
~34.378 -6.709 .719 10.387 =59.340
34,274 =6.727 .719 10.302 -59.369
-34.239 -6.699 .692 10.299 ~59.384
=34.234 -6.695 715 10.345 =59.355
-34.354 -6.682 - 10.386 -
-34.364 - - 10.309 -
10.324
Mean -34.304 ~-6,702 0.709 10.331 -59.362
+.042 +,011 +.009 +.027 +,017




The final solution after conducting reactions 1, 2, and 3 was identical
to the one obtained after conducting reactions 4 and 5. Thus rigid stoichi-
ometry was maintained and reaction 6 may be obtained by combining the reac-
tions and heats as shown in table 1.

The uncertainty given in table 1 for the heat accompanying reaction 6
contains, in addition to precision uncertainties, uncertainties associated
with the measurements, energy calibrations, and sample composition.

The enthalpies of formation at 298.15 K for LiCl(s), Si0O; (quartz), H,0(1),
and HC1°12.731H,0(1) are needed to calculate the standard enthalpy of formation
of LiySilz(s).

Li(s) + 1/2C1,(g) = LiCl(s), AHSgg,15 = -97.58 * 0.27 keal, (7)
Si(s) + 0;(g) = Si0, (quartz), AHzgg.15 = =217.72 % 0.34 kcal, (8)
Hy (g) + 1/20,(g) = H,0(1), AHSgg, .5 = -68.315 * 0.01 kecal, (9)
and 1/2H,(g) + 1/2C15(g) + 12.731H,0(1l) = (HCL.12.731H;0(1),
AHSgg.15 = -38.82 * 0.05 keal. (10)

The formation enthalpy, AH,, was from the JANAF tables (5); AHg was from
Wise (19); and AHy and AH;, were from Wagman (18).

The combination of reactions and enthalpies,
AHg + 2AH, + AHg + AHg = 2AH 4,
gives AHSgg .18 = =393.8 * 0.8 kcal/mole

as the standard enthalpy of formation of lithium metasilicate, according to
the reaction

2Li(s) + Si(s) + 3/205(g) = LiSiO05(s). (11)

The enthalpy of formation of Li,0(s) at 298.15 K is used to obtain the
enthalpy of formation of lithium metasilicate from its component oxides,

2Li(s) + 1/202(g) = Liy 0(s), AHpgg.15 = -142.90 * 0.07 kcal. (12)
This enthalpy is from Johnson (8). By the combination of reactions and
enthalpies

AHg + 20B, + ABg = 20Hyo - AHyp,
there is obtained

AHjgg-15 = =33.2 £ 0.7 keal
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for the reaction
Liz 0(s) + Si0; (quartz) = LizSiOsz(s). (13)

Lithium Disilicate (Li,Si505)

The reaction scheme for obtaining the enthalpyof formation of lithium
disilicate is given in table 3. Again, 0.742 gram of quartz was used as the
basis for the quantities of the other substances to be dissolved.

TABLE 3. = Reaction scheme for lithium disilicate

(Lip 8i505)
Reaction AH, kcal |Uncertainty,
kcal

(14) 2810, (s,25°) + 12HF(sol,73.7°)

= 2H,SiFg (501,73.7°) = 4Hy0(s01,73.7°)vev.v.....| -68.608 0.084
(15) 2LiCl(s,25°) = 2Lit(sol, 73.7°)

+ 2C17(801,73.7°%) c ettt e -13.384 .028
(16) 26.462H,0(1,25°) = 26.462H,0(s01,73.7°) v veven.... 18.894 .106
(17) 2(HC1-12.731H,0)(1,25°) = 2H'(s01,73.7°)

+ 2017 (s01,73.7°) + 25.462H,0(s0l,73.7°) ........ 20.602 .098
(18) LiySi,05(s,25°) + 12HF(s0l,73.7°)

+ 2Ht(s01,73.7°) = 2Lit(s0l,73.7°)

+ 2H,8iFg (s01,73.7°) + 5Hy0(s0l,73.7%) vuvvvnn... -93.191 .032

(19) 2LiCi(s,25°) + 2510, (s,25°) + 26.462H,0(1,25°)
= Lip Siy0g (5,25°) + 2(HC1+12.731H,0)(1,25°)

At = AHyy + Hyg + AHjg = AHjp =~ AHpg

AHyg = 9.49 % 0.40 keal

Proceeding as before, the substances were dissolved consecutively for
reactions 14, 15, and 16. A new batch of acid was used for consecutive reac-
tions 17 and 18.

Reaction 14, the solution of quartz, was identical to reactionl. The
experimental values listed in table 2 for reaction 1 are applicable here. The
heat values assocliated with reactions 15, 16, and 17, although similar to
reactions 2, 3, and 4, were redetermined because of concentration differences.
These new experimental values and those for reaction 18, the heat of solution
of the disilicate shown in table 4, provide the heat for overall calorimetric
reaction 19, which amounts to 9.49 * 0.40 kcal.



TABLE 4. - Experimental heats of solution, kcal/mole

LiCl(s), H0(1), HC1-12.731H,0(1), | LisSis05(s),
reaction 15 | reaction 16 reaction 17 reaction 18
-6.677 0.710 10.269 ~93.186
-6.706 .704 10.277 -93.194
-6.708 .722 10.294 -93.178
-6.679 .716 10.396 -93.266
-6.703 .715 10.269 -93.214
-6.676 .720 - -93.130
-6.685 714 - -93.166
-6.680 .713 - -
=6.715 .718 - -
- .713 - -
Mean -6.692 0.714 10.301 -93.191
+.011 +.004 +.049 +.032

By using supplementary data already cited, the standard enthalpy of forma-
tion is given by

AH,g + 2AH, + 2AHg + AHg = 2A4; 4
for the reaction
2Li(s) + 28i(s) + 5/205,(g) = LizSiy05(s). (20)
AHpo = =611.8 * 1.0 kecal at 298.15 XK.
The enthalpy of formation from Li,0 and Si0, is given by
AHyg + 2AH, + AHg = 2AHy0 = AHyp
for the reaction
Li,0(s) + 28i0, (quartz) = LiySiy05(s). (2L)
AHpy = =33.4 = 0.7 kcal at 298.15 K.
LOW-TEMPERATURE HEAT CAPACITIES
Adequate low-temperature heat capacities for the lithium metasilicate

have been reported by Stull (15). The heat capacities for lithium disilicate
were determined from 6 to 305 K as part of this investigation.




The apparatus and method of operation were given in an earlier publica-
tion by Stuve (16). The gold-plated copper sample container, with a capacity
of 90 ml, held a sample mass of 75.678 grams. Helium gas (1.6 X 10-* moles)
was used within the powdered sample mass for better heat exchange. The experi-
mental heat capacities are given in table 5 and shown in figure 1. The uncer-
tainty of the determinations was estimated to be *1 pct below 25 K, 0.5 pct
from 25 to 50 K, and #0.2 pct from 50 to 300 K. No unusual behavior was noted
over the measured range of temperature.

TABLE 5. - Low-temperature heat capacities (experimental)
of LigSizOs (S)

T, K Cp, cal/deg mole T, K Cp, cal/deg mole
6.04........ 0.0087 67.39........ 5.330
7.05........ .012 73.72. 000000 6.216
7.84........ .018 81.13......... 7.342
8.57 e, .023 86.48........ 8.153
9.57 e ; .031 94.63........ 9.432

11.07 044

104.16........ 10.917
13.07........ .068 114.15........ 12.535
15.06........ .093 124.04........ 14,119
16.81........ 121 134.30........ 15.75
18.68........ 177 145.48........ 17.47
20.85........ .268

155.84........ 19.02
22.20. ..., .. .339 166.31........ 20.52
2b.44,...... . 470 176.89........ 21.96
27.04,....... .658 188.06........ 23.43
30,260 .00 .922 200.75........ 25.02
33.77 ..., 1.255

213.33........ 26.54
37.33........ 1.622 225.81........ 27.93
41.13........ 2.028 238.57........ 29.25
45,230 0000 2.490 251.69........ 30.58
49.67. ... 3.009 264.53........ 31.79
53.85........ 3.525 277.20........ 32.90
57.84. ... 4,003 291.02........ 34,03
62.18........ 4.600 304.58........ 35.07
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Extrapolation to 0 Kwas accomplished by plotting Cp/T against T using
experimental data at 20.85 K and below. The data were then fitted to poly-
nominal functionswith the aid of a digital computer. These functions were
used to calculate values of Cp°, S°, -(G.-H3)/T, and H°-HS at regular inter-
vals of temperature. Table 6 lists the calculated low-temperature thermodynamic
properties.

TABLE 6. - Low-temperature thermodynamic properties of LizSi;Os(s)

T, K Cal/deg mole H°-H3,
Cp°® S° ~-(G°-H3)/T| cal/mole
10, i it it ittt i 0.034 0.012 0.003 0.092
0 2 .091 .036 .009 .400
74 O .231 .078 .021 1.145
255 2 .507 .157 .040 2.935
10 .901 .282 .068 6.410
15 1.380 456 111 12.084
L8 1.907 .675 .168 20.286
L3 2.461 .931 .238 31.198
o 0 T 3.047 1.220 .321 44,956
10 4.309 1.885 .525 81.61
70, i i i e e e 5.690 2.652 773 131.52
< T 0 7.159 3.507 1.061 195.70
150 8.694 4.438 1.383 274.92
100, .t it i it i st an e 10.273 5.436 1.739 369.73
I 11.874 6.490 2.122 480.46
120. .. i e e 13.477 7.592 2.532 607.2
G 1 O 15.07 8.733 2.964 750.0
140, e i e e e e 16.63 9.907 3.418 908.5
151 18.15 11.106 3.890 1,082.4
160, o i ittt e e 19.62 12.325 4.380 1,271.2
170 ettt i e e e i e 21.03 13.557 4.883 1,474.5
180, ittt e e e e e 22.39 14,797 5.399 1,691.6
190. .. it i i e e 23.69 16.04 5.924 1,922.1
200, i i e e e et e 24.94 17.29 6.464 |2,165.3
210, i e e e e e e 26.13 18.54 7.013 2,420.7
/2 A 27.27 19.78 7.563 2,687.8
230,000 B I I 28.37 21.02 8.124 2,966.0
240 e e e e, 29.42 22.25 8.688 3,255.0
2510 N e e e e 30.42 23.47 9.253 3,554.2
T 31.37 24..68 9.822 3,863:2
O 32.28 25.88 10.393 4,181.5
273.15. . e e e 32.55 26.26 10.569 4,283.6
280, e e i e, 33.14 27.07 10.968 4,508.6
290......... 0 e e 33.95 28.25 11.547 4,844.0
298.15. ... i Cee e 34.59 29.20 12.017 5,123
300, ..t i i i i e 34.73 29.41 12.120 5,187
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HIGH-TEMPERATURE ENTHALPIES

Enthalpy determinations relative to 298.15 K of the two lithium silicates
were made with a previously described copper-block drop calorimeter (4). Sam-
ple sizes (contained in platinum-rhodium capsules) were 7.1621 grams for
Li, Si0sz, and 6.1300 grams for Li,Siz0g. Enthalpies of the empty capsules were
determined in separate measurements.

Values of experimental enthalpies are listed in table 7. Figure 2 shows
them as the function (H-Hyge 15)/(T-298.15). The uncertainty of the data for
both compounds is estimated to be less than 0.5 pct.

TABLE 7. - Enthalpies above 298.15 K (experimental)

T, K H°-H3gs. 155 I, ¥ H°-Higg,15»
" kecal/mole kcal/mole
Lip5105
4014, .0 veo ... e 2.733 992 .9, ittt 22.975
401.7..... Cheeeraenns 2.743 1,006.4.......... creeeen 23.490
504.2..... e ie e e 5.827 1,100.2............ e 27.045
602.0.......... e 9.008 1,102.4. .. 0000ne, ch e 27.175
707 .4, iiiae, .. 112.580 1,184.2. i eiiienranns 30.730
807 .7, it ineennecnns 16.145 1,286.5, .0 ciiiiiinninns 34,400
907 .2, et iieeiaeann 19.790 1,403.5...... e e e 39.650
Li, Sig 05
400.0. .0 iennne. e 3.881 1,056.6......000000.. oo 37.120
L2% (% G T 5.882 1,094.6,... 000, 39.265
500.8. .. 00, 8.269 1,100.6...00v v . 39.545
597.5....... et e 12.840 1,149.8........... et 42.375
702.3..... e teseeneenas 18.050 1,195, 5. ieeneennnnnnns 45,115
702.8. .. ... vee.. | 18.070 1,210.7. i iii e e 45.925
802.4 ... ... e... | 23.225 1,221.8. .0 iii i 46.830
902.3....... s ee e e e 28.595 1,252.3. .0, 48.630
993.5. .. it i 33.585 1,253, 2. i iii i 48.720
1,001.8...... Ceee e .... {34,070 1,281.0........ et en e eae 50.47

Determinations for Li,Si03 were interrupted after the run at 1,403.5 K
showed a pressure buildup within the sample container. Because this swelling
of containers occurred with two samples, the pressure was believed to be
caused by a small amount of water impurity adsorbed on the sample. In any
case, the temperature and enthalpy of fusion were not determined for Li,8i0s.
The melting point reported by Kracek was corrected to 1,475 K to be in agree-
ment with IPRS-68 (3). The present enthalpy data were extrapolated to this
temperature. The last experimental enthalpy at 1,403.5 K shows some premelt-
ing effect, as seen by the value at this temperature being slightly above the
curve in figure 2. No other irregular behavior was noted in the temperature
range from 400 to 1,404 K.

The experimental enthalpy data for Li,Si,0g extend to 1,281 K. A revers-
ible, first order transition with a heat adsorption of 0.255 kcal/mole was
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found at 1,215 K. Kracek
reported 1,210 K as the tem=
perature of this transition.
Kracek also reported the
melting point to be 1,307 K.
Both temperatures have been
corrected to IPTS~68. Our
petrographic examination of
a specimen quenched from the
melt showed it to be a uni=
form glass.,

Enthalpy data for both
silicates were fitted to
Care
was taken to merge smoothly
with the low=-temperature
data of Stull in the case of
Liz Si0s and with the present
low=temperature data in the
case of LiySis0g5. Values of
Cp°, S°-S3es, -(G°-~H3ss) /T,
and H°=-Hjgg were then cal=-
culated at 50° intervals by
means of the functions,
These properties are listed
in tables 8-=9, Values of
SSog were added from the work
of Stull for LiySi0z and from
table 6 for Li;Si 0. The
melting points reported by
Kracek were adopted,

Smooth enthalpies from tables 8-9 were fitted to the equation form sug-
gested by Maier and Kelley (11). The equations for kilocalorie per mole,

together with ranges of applicability and average deviations from the experi-
mental data, follow-

LigSi05(s): 30.687 x 10=°T + 3,901 x 10=°T° + 8.119 x 10°T=" = 12,219

LinSigls (@): 42.979 x 10=°T + 6.906 x 10-°T° + 11.122 x 10°T=!

(298 to 1,475 K; 0.3 pct)

- 17,158

(298 to 1,215; 0.3 pct)
Li,Sis0s(B): 59.500 x 10~°T - 25,869

(1,215 to 1,307 K; 0.1 pect)
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TABLE 8, - High~temperature thermodynamic properties of LizSiOz(s)?

T, K

Cal/deg-mole

Cp°

SO

=(G°~H3ge) /T

HO'Hssa
kcal/mole

298.15.0.000-..00.-0..0.-oc.oooo.

300..0000.ll....l....ll.l.!.‘.".
350..0...!‘....l..l..'l’l.‘.’.l"
400.'.00..0.'C.'.‘O.Gl...'.‘.l..l

450---oooo-cooooo‘ooo.la.‘oo.ooao

500..ccccecccsccncscscsascssoncas
550.cccecencocscescocosanssoncncs
600.cccececoscsocsconsossssnccans
650, cecoeeconsncecsesonssncassnse

700.0..0.0-‘0-.c.¢-..na.c.oo.cuoo

7500 0ee00cesconccsscocossnsnsaansces
B00.veecuiserecnosesososscncosnnns
B30 cieeoecvosesesoasossasonascans
900..ceceenscsososccccososssncons

950.0-.0..0oo-clo.oooalooooooo.oo

1,000, 0 0veeeneesoncnsossosssosanses
1,050 ceuusenrencecescnsesacecsonas
1,100, 0 eueenceecncesoncascncncanee
1,150 s eionreneessosnacnsesccasnns

1;20000000'0000-.toococaoooo.onoooo

1,250 0000 ennscscareoconcenceenncase
1,300 e euveceencncanssccnscanassonas
1,350 0 eueecsecsccncesncnocoanosnes
L3400 e e censnensecnencssonessses

1,450.l.'ll.ﬂ‘t'...‘t'..'l!..'o..O.

1’4752000.oocoi..oooooo'.n..oonn‘.l

23.88
24,00
26,64
28,56
30.07

31.31
32,35
33.24
34,03
34.72

35.35
35.92
36.44
36,93
37.38

37.80
38,20
38.58
38.93
39.27

39,59
(39.88)
(40.16)
(40.41)
(40.64)

(40.74)

19.08
19.23
23.14
26,83
30.28

33.52
36.55
39.41
42.10
44,65

47 .06
49.36
51.56
53.65
55.66

57.59
59.44
61.23
62,95
64.62

66.23
(67.78)
(69.29)
(70.76)
(72.18)

(72.88)

19.08
19.08
19.38
20.09
21.03

22,12
23.29
24,52
25.77
27.03

28,28
29.53
30.77
31.97
33.17

34.34
35.49
36.63
37.73
38.82

39.89
(40.92)
(41.94)
(42.95)
(43.93)

(44.42)

0
044
1.315
2,697
4,164

5.699
7.291
8.932
10.615
12.335

14,085
15.865
17.675
19.510
21.370

23,250
25.150
27 .065
29.005
30.960

32,930

(34.920)
(36.920)
(38.935)
(40.960)

(41.980)

1Values in parentheses are extrapolations,

®Melting point of LizSilsz.
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TABLE ¢. = High-temperature thermodynamic properties of LiESiQOS(s)l

T, K Cal/deg-mole H°=H3og»
Cp° s° =(G°=H2gg) /T | kcal/mole
298,15, 0.0 0c0s000000s0s000nncescs 34,59 29.20 29.20 0
300.0cis00cnasassesosacsnassnssnsnos 34.73 29.41 29,20 .064
350.400co00ccoccsssasascscasannan 38.39 35,05 29.63 1.897
400..covoovocoocsasocsosssncnsssss 41,23 40,37 30.65 3.890
450, 0000000000 0sassscccssossosans 43,54 45,36 32.00 6.011
500cccce0saossosscsoscaacasassaca 45,48 50.05 33,58 8,237
550ccccoccocsocsansosccssacssssso 47 .14 54.47 35.28 10.555
600......... cteseseioana cheerne 48,57 58.63 37 .06 12,945
650..... s e cereecociaaresaessascana 49.82 62,57 38.87 15.405
700,00 00v0.. cisesecsccasesenas . 50.92 66.30 40,69 17 .925
7500 ccecaasn seooscassons seccenoas 51.89 69.85 42,52 20.495
B00. . eeveivonnoneonannnns . . 52.76 73.23 44,34 23,115
850 .0 csscoccciocnonenanas oo 53.55 76.45 46,13 25.770
900. secocasiona crocetnsseseaaos 54,26 79.53 47 .90 28,470
950, cssecosec et enssosc o s ans . 54,92 82,48 49.64 31.200
1,000 .000cianacsconconanns cecosion 55.54 85.32 51.36 33.960
1,050,.... Cciierieanan cacees ceerae 56.14 88.04 53.04 36.750
1,100..... oo cescscasascscecanas 56.71 90.67 54,69 39.575
1,150...... ceeeronsas eroesesaensoae 57 .29 93.20 56,31 42,425
1,200..... cecoscoseons eesosesessace 57 .88 95.65 57 .90 45,300
1,2152 ........................... oo 58.06 96 .37 58 .37 46,170
O . coevone 59.50 96 .58 58.37 46,425
1,250 00 cuacccnonnss cssensess oo 59,50 98.27 59.47 48,505
1,300.... ......... cesossasoass ou (59,50) | (100.6) (61.00) (51.48)
1 307 .............. 0000 eosaasae . (59.50) | (100.9) (61.19) (51.90)

1Values in parentheses are extrapolatlons
zTran31t10n point of LiySiy0s; AH = 0.255 kcal/mole.

Meltlng point of LizSis0g.



temperature.
for Li(s,1) and Si(s) were taken from Hultgren (6).

ENTHALPY AND GIBBS ENERGY OF FORMATION
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The results of the preceding sections have been combined to give the
enthalpies of formation and the Gibbs energies-of formation as a function of

and 05 (g) were from the JANAF tables.

and

Tables 10-11 provide AHf°, AGf°, and log,oKf for the reactions

2Li(s,1) + Si(s) + 3/205(g)

2Li(s,1) + 28i(s) + 5/20; (g)

1

]

Li;S8i0a(s),

Liz 31205 (S) °

In addition to the auxiliary data already cited, H°-Hjgg data
Similar data for Li,0(s)

(22)

(23)

TABLE 10. - Formation data for the reaction 2Li(s,l) +Si(s) +3/205 (g) =LiySi0s(s)

T, K Keal Log K T, K Kcal Log K
AH® AG° A AG?

298.15......... -393.8 | -372.1 | 272.76 800........ -394.8 | -334.2] 91.30
300, .00 inunnn.. -393.8 | -371.9 | 270.93 900........ -394,3 | -326.7| 79.33
400, . v ueennnnn. -394.0 | -364.6.] 199.21 || 1,000........ -393.8 | -319.2| 69.76
453.7%. ... ..., -394.0 | -360.7 | 173.75 || 1,100........ -393.3 | -311.7} 61.93
453.7ciiinin.. -395.4 | -360.7 { 173.75 { 1,200........ -392.7 | =304.3] 55.42
500, ..0iiuinnn. -395.4 | -357.1 | 156.09 || 1,300........ -392.0 | -297.0] 49.93
600 . ceuenennn.. -395.3 | =349.4 | 127.27 | 1,400........ <391.3 | -289.7| 45.22
700 0. i, -395.1| -341.8 | 106.71 || 1,475 ,...... -390.8 | -284.3] 42.12

;Melting point of Li; AH = 1.434 kcal/mole.
Melting point of Li,SiOz.

TABLE 11. - Formation data for the

reaction 2Li(s,1) + 2si (s) + 5/20,(g)

= Lig Sig 05‘(3‘)

T, K Kcal Log K T, K Kcal Log K
AH® AG® “AHC AG®
298.15........ -611.8) ~577.11| 423.03 900...... -611.4 | -505.8 | 122.82
300, .....00.h s -611.8} =576.9| 420.27 1,000...... -610.6 | -494.1 | 107.99
400, . .00 een., -612.0| ~565.2 308.81 1,100...... -609.8 | -482.5 95.86
453.71 . ....... -612.0] -558.9} 269.23 1,200...... ~608.8 | =471.0 85.78
453.7.00uenn.. -613.4| -558.9 269.23 || 1,215%..... -608.7 | -469.3 | 84.42
500. .. cieevnns ~613.4| ~553.4] 241.89 1,215...... -608.4 | -469.3 84.42
600.....0.00.. =613.2| =541.4] 197.20 1,300...... -607.5 | =459.6 77.27
700......0.. . -612.7| =529.51 165.32 1,3078..... -607.4 | -458.8 76.72
800...c..un... -612.1] =517.6| 141.40
1Melting point of Li; AH = 1.434 kcal/mole.

Transition point
3 . ,
Melting point of

of Liz Siy05; AH = 0.255 kcal/mole.
LiySi, 05 -
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Tables 12-13

give the same properties for the reactions

Liz0(s) + Si0z(s) = LiySiOsz(s), (24)
and Liz 0(s) + 2510,(s) = LiySiz0s(s). (25)
TABLE 12. - Formation data for the reaction
LiQO(S) + Sioz(S) = LigSios (S)
T, K Keal Log K T, K Kcal Log K
AH® AG° , AH® AG®
Oviveneennnnn, -33.2 | -33.2| = 847 .. ....... -33.2 | -33.4 | 8.62
100, cevvevnn... ~-33.4 | =33.4 | 73,00 847 v, -33.3| =33.4 | 8.62
yX 010 JAU -33.2 | -33.2 | 36.28 900.....0uu.. -33.3 | -33.4 | 8.11
298.15. . ..., -33.2 | -33.2 | 24.34 1,000.......... -33.2 1 ~33.4 | 7.30
1010 D -33.2 | -33.2 | 24.19 1,100.......... -33.2 | ~33.5| 6.66
400. . v ee v in e -33.11{ ~33.2|18.14 1,200.......... -33.1 -33.5 6.10
5000 ..t cinenan. -33.1 | -33.3 | 14.56 1,300, ......... -33.0| -33.5 | 5.63
600......00..... -33.01| ~33.3112.13 1,400,......... -33.0 | «33.5 5.23
700, .. -33.0 | -33.3 | 10.40 1,475, ........ -33.0 | -33.6 | 4.98
800....ouuuunnn. -33.1|-33.4( 9.12 '
1 Transition point of Si0y ;AH = 0.174 kcal/mole.
2Me1ting point of Li;S8iO0s.
TABLE 13. = Formation data for the reaction
Liy 0(s) + 25105 (s) =LiyzSis 05 (s)
T, K __RKeal Log K T, K Kcal Log K
AH® AG® AH® AG®
O veieeennn.. -33.5 | -33.5 o 847%......... -33.6 1 -33.8 | 8.72
1000 ..o enennnn. -33.5 | =33.5 | 73.21 847 . i, -33.9 | =33.8 | 8.72
yXo10 J -33.5 | =33.5 | 36.61 900.......... -33.8 | -33.8 | 8.21
298.15.......... -33.5 ] ~33.6 | 24.63 1,000.......... -33.6 | -33.8 7.39
300, .0 vvienenn, -33.51-33.6 | 24.48 1,100.......... -33.4 | -33.9 6.74
400, .. vrvnn.. -33.4 | -33.6 | 18.36 1,200.......... -33.2 | -33.9 | 6.17
500, .0 ceennann.. -33.4 | =33.6 | 14.69 1,215%......... -33.2 | -33.9 | 6.10
600, ...cvvuunn.. -33.4 | -33.7 | 12.28 1,215.. ... ..., -32.9 | -33.9 | 6.10
700 . o -33.4 | -33.8 | 10.55 1,300, ......... -32.7 | -34.0 | 5.72
800.....00uvuu.. -33.5 | -33.8 | 9.23 1,307%......... -32.6 | =34.0 | 5.69
1Transition point of Si0,; AH = 0.174 kcal/mole.

gTransitionfpoint
SMelting point of

of LipgSis05; AH = 0.255 kcal/mole.

LiySiy0s -
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SUMMARY OF RESULTS

No previous experimental high-temperature data have been reported in the
literature for either the metasilicate or disilicate. Also, low-temperature
heat capacities for lithium disilicate are reported for the first time. Incom-
plete data for the enthalpies of formation of the two silicates were given by
Kracek (2) who used solution calorimetry. He reported =34.45 kcal/mole for
reaction 24 and -34.58 kcal/mole for reaction 25. His values are different
from those reported here by approximately 1 kcal.

By a combination of experimental data determined in this investigation
and selected values from the literature, reliable sets of thermodynamic param=
eters are now available over extended temperature ranges, These two lithium
silicates are shown to be stable relative to their constituent elements or
oxides over the range of the data.
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