ENTHALPY OF SEVERAL GRADES OF QUARTZ
GLASS WITHIN THE 1300-2400°K
TEMPERATURE RANGE *
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Results are shown of an experiment in which the enthalpy of grades KI, KV, and KSSh quartz
glass was measured at temperatures from 1300 to 2400°K.

Quartz glass represents one of the many modifications of silica, and in this study its enthalpy was
measured at temperatures from 1300 to 2400°K. So far the enthalpy of quartz glass had been measured at
temperatures up to 1600°K [1-7] and only in one published study [8] was the temperature as high as 1775°K.
The upper limit on the test temperature is dictated by the tremendous difficulties in measuring the enthalpy
of oxides in the liquid state. Meanwhile, measuring the enthalpy of quartz glass at elevated temperatures
is very worthwhile not only in terms of accumulating more test data for a better knowledge of the physical
phenomena, but also in terms of thermodynamic reference data needed for heat calculations.

In this study the enthalpy was measured in an apparatus consisting of a high-temperature oven with a
tungsten heater and a calorimeter, the latter made up of a massive copper block with an isothermal shell
inside a water thermostat. The block temperature was measured with a copper-type resistance thermome-
ter. The shell temperature was maintained constant with the aid of a model KMT-1 thermistor probe in-
side the thermostat and a thyratron amplifier. Details of the apparatus, including its components and cir-
cuits, as well as the test procedure have already been described in [9-11].

The enthalpy of quartz glass was measured on specimeng of three different grades: KV and-KI made
of Volynian raw material, and skimmed KSSh material. A spectral semiquantitative analysis of the speci-
mens is given in Table 1. It is evident here that all impurities in these grades of quartz glass did not ex-
ceed 0.02%. The test specimens, shaped as hollow cylinders 17 mm in diameter and 35-40 mm high, were
put inside molybdenum or tungsten bulbs. For measurements at temperatures up to 2000°K these bulbs
were made of foil 0.5-0.1 mm thick. For measurements above 2000°K we used double bulbs: an inner one
of molybdenum or tungsten 0.05 mm thick and an outer one bored out of molybdenum rod stock to a wall
thickness of approximately 0.5 mm. The use of double bulbs was dictated by the different thermal expan-
sivities of the cast specimen and the bulb material, which would cause the destruction of a bulb upon cool-
ing of the specimen inside the calorimeter. A double bulb made it feasible to perform several tests with
a single specimen. The amount of heat per bulb of metal foil represented approximately 3% of the total
heat input to the calorimeter. In the case of compound bulbs, the amount of heat per bulb had risen to
25%. The energy spent on heating a bulb was calculated from the data in [12, 13].

The specimen temperature was measured with a model EOoP-51 optical pyrometer, the latter having
been calibrated against a set of model SI-10-300 heater lamps which, in turn, had been checked against
operative standards on a model SPK-4 spectrometer stand at the D. I. Mendeleev All-Union Scientific-
Research Institute of Metrology. The temperature of a specimen was measured with a black-body standard

*The temperature here is referred to the MPTSh-48 scale.
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Spectral Semiquantitative Analysis of Grades KV, KI, and KSSh Quartz Glass Specimens
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KSSh

TABLE 1.

in the form of a hollow molybdenum or tungsten cylinder. This cavity, 25 mm
deep and 3 mm in diameter, was placed axially inside a specimen along a spe-
cially predrilled hole. The error of temperature measurements due to imper-
fection of the black-body standard did not exceed 1% under the most unfavorable
conditions and was, therefore, disregarded. The specimen temperature was
measured through a prism with total reflection. The correction for errors in
temperature readings due to absorption of radiation in the prism was deter-
mined in special tests. The pressure in Si02 vapor is 1 atm already at a tem-
perature of 1900°K [14], which may cuase contamination of the viewing channel
with products of specimen sublimation and evaporation. In order to reduce the
effect of evaporation, the tests were performed in an argon atmosphere under
a pressure of 1.05 atm and with the apparatus evacuated down to 107! mm Hg.
In order to remove the evaporation products from the viewing channel, through
which the pyrometer was focused on a specimen, it had been purged with a mild
stream of argon [15] prior to measurements.

Heat losses incurred during the transfer of a specimen from the oven in-
to the calorimeter were accounted for on the assumption that, during this trans-
fer, heat was transmitted from the specimen to the ambient medium by radia-
tion only. The emissivity of the bulb material, which had to be known for cal-
culating the radiative heat losses, was taken from [16].

Spectral semiquantitative analyses of specimens before and after a test
revealed an increase of tungsten and molybdenum impurity at the specimen sur-
face. Thus, while at the surface of grade KV quartz glass there was 1°107%9
tungsten and 1.6 - 107% molybdenum before a test, their amounts after a test
were 5-1073% and 16 - 10~29% respectively (a surface layer of approximately 0.2
mm was sampled for analysis), with 1-10739% and 3+ 107%% respectively deeper
in the bulk, No substantial quantitative changes in the content levels of other
impurities were detected,

This experiment, covering the 1300-2400°K temperature range, yielded
25 test values: 15 for grade KV, 6 for grade KI, and 4 for grade KSSh speci-
mens. The results are shown in Table 2. The temperature 298.15°K was
adopted as reference for the enthalpy readings. The enthalpy correction for
the departure of the final temperature of a specimen from 298.15°K was cal-
culated on the basis of the data in [2], The likely systematic error in enthalpy
measurements over the entire range was estimated at 0.7-1.3%.

As was to be expected, the study of various glasses with a 0.02% content
of diverse impurities did not yield, within test accuracy, different values for
the enthalpy.

TABLE 2. Results of Enthalpy Measurements on Specimens of
Grades KV, KI, and KSSh Quartz Glass over the 1300-2400°K Tem-
perature Range

- oK Hy —lgg 15 Grade of T, K Hr —Hygg, 15, Grade of
' J/mole quartz glass | ' 1/mole quartz glass

1318 659, K8sh 1856 10844, KSSh
1318 675, K1 1869 10933, KV
1356 68415 KI 1958 1153y, KV
1374 6975 KV 2013 19314, KI
1384 707y, Kv 2076 12575, KV
1432 T4y, KV 2105 12804, KV
1486 78700 KV 2175 13520 KV
1538 826,, KV 2210 138459 KSSh
1560 8614, K1 2210 14025, KV
1560 8440, KSSh 2328 1474 K1
1661 915, " KV 92355 1494,, K1
1729 973, KV 2356 15073 KV
(757 1006, KV

Note, The melecular weight of quartz glass was taken as 60,08,
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NOTATION

is the temperature of a specimen, °K;

Hp—Hsgg 15 is the enthalpy of a specimen through the temperature interval (298.15—T), J/mole,
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