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I. INTRODUCTION 

One of the moat promising inorganic compoundq for potential uae aa a con­
sumable material on ablating nose cones is fused silica. 1 To predict the 
behavior of this material when subjected to the high heating ratea. of re-entry, 
it is necessary to know much about its thermochemistry of decomposition at 
high temperatures. Once the vapor pressure of silica under equilibrium 
conditions is known, then it may be possible to·predict its vaporization be­
havior under the nonequilibrium conditions of re-entry. This report presents 
an extensive analysis of the thermochemistry of silica. Other properties 
such as viscosity of the melt, thermal shock resistance, etc. ar.e also of 
interest and have been included. 

Although the glass industry is an old one and Sio2 is one of the moat plenti­
ful compounds on the earth •s crust, there exists a paucity of accurate vapor 
pressure data for pure sio2 at elevated temperatures. The data of Brewer 
and Mas tick, 2 and Porter, Chupka, and Inghram 3 represent the moat recent 
available data on the vapor pressure of Si02 • Their data were all obtained 
below 2, 000• K but in this memorandum they are shown to agree satisfactorily 
with vapor pressures calculated from other available thermodynamic data. 
The tabulated boiling points for Sio

2 
, which are recorded in various hand­

books, have values of 2, 230• C, 2, 590• C and 2, 950• C. These have all been 
traced to tht work of Ruff and co-authors. 4 • 5 • 6 All of the boiling point 
determinations can be criticized because they were carried out in a reducing 
atmosphere. Since a reducing atmosphere leads to a higher vapor pressure 
than would be expected, •the lower boiling points are not con.sidered tu represent 
the properties of the material. Moreover, the two higher boiling points, 
2, 590• C and 2, 950• C, have been based on a single vapor pressure determina­
tion -- 11 mm at 2, 060• C. In their original paper, Ruff et al 5 stated that 
this measurement yields 2, 590• C as a boiling point. Some nine years later 
Ruff 7 stated without further evidence that this was in error and should be 
2, 950• C. A review of Ruff 1 s extrapolation has indicated that he was probably 
correct the first time in evaluating his dat~ to obtain a normal boiling point 
of 2, 590• C. However, the vriginal criticism that his measurement was done 
under reducing conditions is still valid, and the actual boiling point ia prob­
ably above 2, 590• C as he himself stated in hie original paper. 5 

In the present paper various possible reactions, which can occur when Si02 
vaporizes, have been considered. From available thermochemical data the 
free energy change for each reaction has been obtained as a function of 
temperature. Hence, equilibrium constants for these reactions can also be 
given as functions of temperature, It is then possible to estimate the various 
species or products pre&ent at equilibrium at different temperatures and 
pressures. 
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VI. THERMOCHEMISTRY OF THE REACTION SiO(g)._.. Si(g) + ~2(g) 

To estimate the importance of the SiO dissociation reaction to yield Si(a) we 
can use the following free energy and entropy of !ormation data at 3, ocro• K: 

and 

For Si(g)• 6. F 3,000 • 10,618 calorie/mole (Ref. 25, Stull L d Sinh) 
uains Si(l) as reference state, 

For o2(g)• 6.F3,ooo • 0 (Since 0 2 is reference stare), 

For the formation of SiO(a) (i.e. , for the ruction 
Si (1) + ~02 (g) ~ Si<1(g)), 

6.F 3,000 • 6.H3,ooo -T 6.S3,ooo • -38,954 - 3,000(6.s3,ooo> calorie/mole 

6.S3 ooo • Ss·o - ~ So - Ssi • 10.17e.u. 
' I 2 (g) {1) 

6. F 3,000 • 69,464 calorie/ mole (for SiO(g) formation) 

where th e entropies of SiP> and o2 are from Stull and Sinke25and that of 
SiO( ) from our calculatlons . Assuming that 6.H and 6S do not depend 

upon
8
tempe rature, we find that 6.F • - 38,954- 10.11 T for this react: ,...n in 

t he temperature range of 2, ooo• K to 3, 000• K. From these data, w e f ind 
that, fo r the f irst reaction g i ven above, ( i .e. SiO(g)-+ S~8) + ~02<s> 

6. F 3,000 • + 80,082 calorie/ mole 

- 37 -



































































K. COEFFICIENT OF THERMAL EXPANSION 

The coefficient of thermal expansion for clear, fused silica from zo• - 320• C 
is reported to be 3. 05 X 1 o-7 t· F or o. 55 X 1 o-6 t· c by G. E. 55' and from 52 
o· - 300· c it is reported to be 3. 1 X 1 o-7 t· F or o. 56 X 1 o-6 t• c by Corning. 

L . YOUNG'S MODULUS 

Clear, fused silica, at room-temperature is reported to have a Young's 
Modulus of 10.1 x 106 lb/in2 or 7,138 kg/mm2 by G. E. 55 

M. TENSILE STRENGTH 

In 1/4 inch rods, fused silica has a strength of 7,100 lb/in2 or 5 kg/mm2 ; 
whereas in fibrgg• it has a strength of 43, 500 to 116, 000 lb/in2 or 30.6 -
8 1. 6 kg /mm2 • 

N. THERMAL SHOCK RESISTANCE 

. 11· Fuse d silic a has excellent thermal shock reslStance. 

Othe r forms of silica have poor resistance at certain temperatures because 
of volume c hanges which occur at inversion points. 

A 6 X 6 X 1 /4-inch annealed plate of fused silica can withstand a 1, ooo· c 52 

differential from being plunged into cold water after oven heating. 

0. HARDNESS 

The hardness of fused silica is 4. 9 on the Mohs Scale 55 whereas cristobalite, 
quartz, tridymite have a value of 7. 0 on the Mohs Scale. 45 

P. CRYSTALLINE STRUCTURE 

Pure Si02 is a polymorphic material. The vitreous or glassy form of Si02 is 
a metastable, undercooled liquid at all temperatures below 1, 728• C (2, 000• K). 
The rate o f trausformation of vitreous Si02 into the other forms may become 
measurable above 1, 000• C. Impurities also affect the rate of transformation. 
Listed below are the stability ranges for the various forms of Si02 : 
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