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Over the temperature range of 1570 to 1880 K, the conductivity of the melt
having the composition CaMgSi,Os can be described by the equation

x
= 5. 2. 4 -1 . 7 P2
3 5.688 —2.934 X 104 T-! + 5.678 X 10T
— 4.268 X 10wT-3

while the standard deviation of the experimental values from the regressive
equation a = 0.002. The correctness of the experimental values was verified
by the free volume theory, by comparing the experimentally established
transformation temperature with the T, value computed on the basis of the
Jfree volume theory. In view of the satisfactory agreement of the values, the melt
of CaMgS8+;,0s can be recommended as a standard substance for conductivity
measurements at temperatures above 1500 K.

log

INTRODUCTION

Measurement of electrical conductivity of oxidic melts at temperatures exceeding
1500 K is experimentally quite demanding and yields conductivity values mostly
involving a considerable error. This is due to the principle of relative measurement
by comparing the resistance values measured with the resistance of a standard
substance, and to the way the conductivity cell is calibrated; the calibration has
so far been carried out mostly at room temperature using suitable standard solutions
of inorganic salts and the resistance capacity values of the conductivity cell have
been calculated for the higher temperatures by means of thermal expansion data.
With this calibration method one has obviously to take into account possible defor-
mation of the conductivity cell resulting from the heating up. The results of the
measurements obtained in this way are precise with respect to the mutual relations,
but may involve a certain absolute error.

The unsuitable way of calibrating the conductivity cell is essentially caused by
the fact that for temperatures above 1500 K there has not so far been any convenient
standard substance whose conductivity could be determined with adequate accuracy
and particularly correctness. Although there are some inorganic salts such as K2SO,
or Na3AlFs whose melting point is around 1300 K and whose conductivity is known
with adequate accuracy and correctness, their use as standards for high-temperature
conductivity measurements is unsuitable owing to the relatively high pressure of
their vapours and the associated contamination of the high-temperature part of the
measuring apparatus which leads to its rapid deterioration. The capillary cell cannot
be used at high temperatures owing to the non-availability of suitable materials.
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The melt of diopside, CaMgSi,Os, was therefore suggested as a reference substance
for conductivity measurements at temperatures above 1500 K as a result of the
present study. The suitability of the compound is based on its satisfactory thermal
stability at high temperatures, its easy preparation and a well defined melting point.
Diopside was already used in studies [1, 2], just because of these properties, as a se-
condary standard in the calibration of thermocouples. The melt of CaMgSi,Os can
be kept undercooled by 100 K for periods of time adequate for calibration. The
present study was therefore concerned with careful conductivity measurements
on this melt by means of the conventional calibration procedure, and the correct-
ness of the values measured was verified by means of the free volume theory, i.e.
by comparing the experimental transformation temperature value with that
calculated from the conductivity data.

EXPERIMENTAL

The electrical conductivity measurements were carried out by means of a conducti-
vity cell consisting of two disk electrodes 5 mm in diameter fixed at a mutual distance
of 15 mm and made of PtRh 20 alloy. The conductors, 1 mm in diameter, were of the
same material. The resistance was measured with the TESLA BM-484 semiauto-
matic bridge with a built-in source of alternate current of 1592 Hz frequency and
a zero indicator. The conductivity cell was calibrated at room temperature with
aqueous solutions of KCl. For the high-temperature measurements, the resistance
capacity of the conductivity cell was calculated by means of the thermal expansion
data of the PtRh20 alloy. About 100 g of the CaMgSi,Os melt was placed in a PtRh20
crucible at the centre of an electric resistance furnace. The conductivity measure-
ments were carried out over the temperature range of 1570 to 1880 K. The sample
temperature was measured by a PtRh6 — PtRh30 thermocouple whose hot joint
was placed directly in the melt. The relative accuracy of the conductivity measure-
ment was 429, that of the temperature measurement was +3 K. A detailed de-
scription of the apparatus employed was presented in [3].

The sample was prepared by calcinating the corresponding amounts of CaCOj;
A.R. and MgCO; A.R. at 1300 K for 2 hours and subsequent melting with pre-
annealed SiO, A.R. in a stoichiometric ratio. The glass samples for transformation
temperature measurements were obtained by pouring a molten sample into a water-
cooled platinum dish. Before the measurements the glass was annealed for 5 hours
at 950 K. The transformation temperature was determined by DTA and expansion
measurements in three different laboratories.

RESULTS AND DISCUSSION

The values of conductivity of the CaMgSi,Os melt measured over the temperatare
range of 1570 to 1880 K are listed in Table I. The values specified for the individual
temperatures are means of 3 to 5 measurements. The least squares method was used
to derive the following equation for the témperature dependence of conductivity

log ¥ 5688 — 2934 X 104 T-1 4 5.678 X 107 72 — 4.268 X 1000 7-3 (1)
Scm™1

The standard deviation of the relative values measured from the regressive equation
(1)is ¢ = 0.002.
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Table 1
The values of conductivity and Ecorr of CaMgSi,Os melt

T » Ecorr T » Ecorr
K S cecm™! kJ mole—1 K S cm™? kJ mole—?
1568 0.098 179.8 1731 0.287 132.7
1575 0.106 177.0 1750 0.316 128.8
1598 0.127 168.6 1764 0.336 126.2
1627 0.155 159.0 1768 0.343 125.4
1660 0.194 149.5 1781 0.362 123.1
1680 0.218 144.3 1793 0.380 121.0
1693 0.235 141.1 1797 0.387 120.4
1700 0.244 139.5 1801 0.394 119.7
1705 0.251 138.3 1805 0.403 119.0
1715 0.266 136.1 1843 0.463 113.2
1726 0.280 133.7 1875 0.519 108.8

The conductivity of CaMgSi,Os has so far been measured by Kawahara et al. [4]
and Li¢ko and Danék [3]. The results presented in [4] differ by about 109, from
those obtained in the present work. This difference can be attributed to incorrect
calibration of the conductivity cell and the associated absolute measuring error.
Within the given measuring error, the results of study [3] are identical with those of
the present paper.

However, it should be admitted that the results of the measurements reported
here can involve a certain absolute error due to deformation of theconductivity
cell. A direct estimate of this error is obviously impossible, even though the cell
was designed so as to minimize the deformation brought about by heating up. The
free volume theory was therefore used to verify the correctness of the measuring
values [5, 6].

Validity of the free volume-theory was verified on the melts of the system
CaO—MgO—SiO; in [7]. It is based on the calculation of the linear relationship

T 2
Boorr = B, + aRT? + -21* RT = kR (T‘:-,ITO—) .(2)

where E, is the activation energy of conductivity, « is the coefficient of volume
expansion of the melt in question, R is the gas constant, k is a proportionality coef-
ficient dependent solely on the size of the ions present, and 7', is the temperature
at which the free volume starts to form in the melt, and is experimentally very close
to transformation temperature. Derivation of equation (2) can be found in [6, 7].
Equation (2) can be solved iteratively by choosing 7', so as to make it pass through
the origin, or analytically, when one obtains the quadratic dependence of the function
1/Ecorr = f(T-1). On substituting the experimental values of Ecorr (cf. Table 1)
into this equation and applying regression, it is possible to determine the coefficients
allowing 7', to be calculated. The activation energy of conductivity, defined by the
equation

dln » — _9303R _dlog %
d 1 di
T T

E, = —R (3)
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was calculated from the conductivity measurements by differentiating equation (1).
The coefficient of volume expansion of CaMgSi,0s melt, o, was calculated from the
data in [8]. The calculated values of Ecorr are listed in Table I.

The agreement of 7y value calculated and the transformation temperature value
determined experimentally thus justify the assumption that the conductivity values
used in the calculation were correct and did not involve any extraordinary absolute
error, of course within the experimental error of 7, determination. Table IT lists

Table 11

Transformation temperatures of CaMgSi,Os glass according to
various authors, and the value of T, calculated from the con-
ductivity values measured

Laboratory Method Te/K
UACH Bratislava dilat. 1014
DTA 1006
VVUS Trenéin dilat. 1023
DTA 1008
VUSH Brno DTA 1018
according to [9] calor. 1005
Mean value 1012 4+ 7
TolK conduct. 998

the values of the transformation temperature of the CaMgSi>Os melt established in-
dependently ih three laboratories by two different methods and compared with
the 7'y value calculated from the conductivity values measured. The agreement was
satisfactory which indicates that the conductivity values measured were correct.
In view of this the conductivity values reported here for the melt of CaMgSi,Os can
be accepted as reliable ones and the melt can be retcommended as a standard sub-
stance for conductivity measurements at temperatures above 1500 K.
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TAVENINA CaMgSi;0s — REFERENCNA LATKA PRE VODIVOSTNE
MERANIA PRI TEPLOTACH NAD 1500 K

Vladimir Danék

Ustav anorganickej chémie Centra chemického vyskumu SAV
842 36 Bratislava

Konduktivitu taveniny zlozenia CaMgSi,Os mozZno v teplotnom rozmedzf 1570—1880 K
popisat rovnicou

log —— " = 5,688 — 2,934 . 10¢. T-1 4+ 5,678 . 107. T-2 — 4,268 . 1010 . T3
S .cm-1

so Standardnou odchylkou nameranych hodnét od regresnej rovnice o = 0,002. Overenie
sprdvnosti nameranych hodnét konduktivity sa uskutoénilo pomocou tedrie voIného objemu
porovnanim experimentdlne stanovenej hodnoty transformaénej teploty s hodnotou 7o
vypoéitanou na zédklade teérie voIného objemu. Vzhladom na dobrd zhodu tychto hodnét
mozno taveninu CaMgSi,Os odporuéit ako referenénu latku pre vodivostné merania pri teplo-
tach nad 1500 K.

PACIIJIAB CaMgSi.0¢ — CTAHIOAPTHOE BEMNECTBO
OJA USMEPEHUA NPOBOJHUMOCTH
IIPHU TEMIIEPATYPAX CBBIIIE 1500 K

Baagumup Jlanek

Hucmumym neopeanusecroit zumuu Lenmpa xumuvecrozo uccaedosarur, CAH,
842 36 B pamucaasa

ITposognmMocTs pacmiaBa coctaBoM CaMgSi2Os MOJKHO B mpejenax TemmepaTypu 19570
no 1880 K omucats B Buje ypaBHeHHA

log-s—;‘MT = 5,688 — 2,934 .10¢. T-1 + 5,678 . 107. T-2 — 4,268 . 1010 . T-3

€O CTAaHAAPTHRIM OTKJIOHEHHEeM M3MePeHHLIX BeJIMYHH OT perpeccHoro ypaBHeHHsa ¢ = 0,002.
IlpoBepky nNpaBHIILHOCTH H3MEpPeHHHIX BEJIHYHH NPOBOAMMOCTH OPOBOIHIM C IOMOIULIO
TeopuH cBOOOAHOro oO6heMa cOmOCTaBiIeHMEM YCTaHOBJICHHOW OKCIEePHMEHTaJILHBIM IyTeM
BeJIMYMHBI TPaHCHOPMAMOHHON TeMIepaTypHl ¢ BeJnunHOU Ty, pacunTaHHON Ha OCHOBaHHM
Teopun cBoboaHOro ob6nvema. Tak kak IPOBOAMMEIE BeJIMYMHbB HAXOJATCA B XODOIIEM CO-
riacuu, Mo:kHO pacmiiaB CaMgSiOs peKOMeHJOBAaTL K mpHMEeHEeHHIO B KayecTBe CTaHXApT-
HOTro BelllecTBa fJiA M3MePeHHA NPOBOJMMOCTH Ipu TeMieparypax cBbume 1500 K.

W.V.BAECKMANN, W. SWENK: KATODNAJA ZASCITA OT KORROZII
(Katodické protikorozni ochrana).

495 str., Metallurgija, Moskva 1984.

Protikorozni ochrand materidlu se ve vech priumyslové vyspélych zemich vénuje stéle vétai
pozornost. Mezi ruznymi zpusoby protikorozni ochrany zaujimé zvldstni postaveni elektro-
chemické ochrana, vyuzivané predevi&im po sniZeni koroze kovovych zaiizeni, kterd jsou ve
styku s elektrolytem (voda, moiské voda, vlhk4 puda, tavenina apod.). Touto problematikou
se zabyvéa uvedené kniha, kterou v némeckém origindlu vydalo nakladatelstvi Verlag Chemie
v roce 1980.

Uvodni &4st knihy rozebiré teoretické zéklady koroze kovi a zpusob protikorozni ochrany.
Zvlastni pozornost je vénovédna metoddm praktického stanoveni parametru v systémech kato-
dické ochrany. Daldi kapitoly se tykaji konkrétnich piipadu katodické protikorozni ochrany
potrubf, podzemnich nédrzi, kabeli, aparatur v chemickém prumyslu, ohfivaé¢u vody apod.
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