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THERMODYNAMIC PROPERTIES OF THE PRODUCTS
OF REACTION OF SULPHUR HEXAFLUORIDE
WITH CARBON FOR TEMPERATURES UP TO

6000 KV

COUFAL, 0.,2) ZAJACOVA, 1.,2) Brno

The interaction between the SF¢ extinguishing medium and carbon in HV
and EHV circuit breakers is dealt with. It is assumed that the products of
interaction form a closed ideal system in local equilibrium. The composition,
enthalpy and heat capacity are determined for a constant pressure of this system.

I INTRODUCTION

The inner components of some types of circuit breakers using an SFg extin-
guishing medium are of carbon. The products of the reaction of SFg with carbon
affect the properties of the extinguishing medium. The products of the reaction
of one mole of SF¢ with m moles of C form a system S = S(m) of individual
substances - components of the system. Thermodynamic properties of S are deter-
mined uniquely if the chemical potentials g; of all the components of the system
are known as functions of independent variables T' (temperature), p (pressure),
n1,ny, ...,ny (amounts of the components), where N is the number of components
[1]. It is further assumed that S is an ideal closed system in a state of local ther-
modynamic equilibrium. The system components are the followings gases: S, S,,
Sa, S4, Ss, Se, S7, Ss, SF, SF,, SF3, SF4, SFs, SFe, F, Fy, C, C,, Cs, Cy4, Cs, CF,
CFg, CF3, CF4, CoF, C3Fa, CyF3, CoF4, CoFs, CoFg, CS, CSe, e, S, S5, F,
F;,C-, C;, SF-, SF3, SFy, Ct, Cf, S*, S, Ff, SF*, FSSF, SSF3, S3F ;o and
condensed sulphur S/c. For the amount m of carbon is assumed to be less than of
equal to 1 mol. According to [2] it is therefore not necessary to consider condensed
carbon in S.

1) Contribution presented at the 8th Symposium on m_mSQ;wQ Processes and Che-
mical Reactions in Low Temperature Plasma. STARA LESNA, May 28-June 1, 1990
2) Vysoké u&eni technické v Brné, Bozetéchova 2, 612 66 BRNO, CSFR
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II. COMPOSITION OF SYSTEM S

The composition is given by the amounts ny,ny, ..., ny, with ny assumed to
be the amount of S/c. For a given p, T the equilibrium composition of the system
S minimizes the Gibbs energy of the system [3]

N
G= Mu:..tt
i=1 2
un = AgH, — TOX(T);
Bi = ApHP —T®T) + RTIn(p,z:),i = 1,2,..,N - 1;

pr = %. p° is standard pressure;
T; = i s 1=1,2..,N-1,

N-1
> m
k=1

(1)

R is the universal gas constant, Ay H} is the standard heat of formation of the
ith component, ®3(T) is its standard Gibbs thermodynamic potential (determined
by partition function). The values Ay H? and ®2(T) have been taken from [4-7].
For the chemical potential uy the dependence of the condensed sulphur volume on
pressure is neglected, which is a justified assumption if pressures of up to 2 MPa
are considered [8]. The minimum Gibbs energy G is bound by the closed quality of
S, i.e. the total amount of sulphur, fluorine and carbon in S does not change and
equals 1, 6 and m mol, respectively. For the calculation of the composition there
was used the method described in [9].

The composition of S is further expressed by dimensionless numbers z; (rela-
tion (1)), which for gaseous components are molar fractions, and zy is the relative
amount of S/c for 1 mol of gaseous components. F ig. 1 m?wm the composition of S
for m=1 mol, p=1 MPa, 300 < T < 1500 K. It can be seen from Fig. 1 that all the
carbon reacts with fluorine, giving CF4. The same conclusion also holds for other
values of p, m. The composition in the temperature range up to 1500 K has been
given because it is affected by a change in the input data with regard to [2]. Also
the amount of the component S;F;o, which was not considered in’ [2], should not
be neglected. : .

The results of the calculation of the equilibrium composition do not, however,
provide any information on the rate of possible reactions. It is likely that CFy4
is formed when fluorine from dissociated SFg reacts with carbon vapour. CFy
formed in this way is then a component of the extinguishing medium even at low
temperatures. The amount of condensed sulphur depends on m; e.g. for p=1 MPa
S/c does not occur in S if m < 0.01mol. The magnitude of m also affects the molar
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fraction of free electrons z. - in S, as can be seen in Fig. 2. For a constant m and

T z. - decreases with increasing pressure.

1I1. THERMODYNAMIC PROPERTIES

Formulae for the calculation of thermodynamic properties of an ideal he-
terogeneous system are known from literature. The input @waw.me. the om.—mc._w.
tion of the thermodynamic properties of system S are the .A.waErE.EB composition
z1,Z2, ..., TN, the partial derivative of the composition with aavmop.no p, T, and
the standard thermodynamic functions of the system noBvouaznm..ir_ar are deter-
mined by the partition function. Owig to the ::.m.r.& W:mar Om. this paper we shall
only deal with the specific enthalpy h and the equilibrium specific heat capacity at

the constant pressure cp.
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M; is the molar mass of the ith component,

8!

IP(T)= AsH? 2
Av \...TNJ%NJ

is the standard total enthalpy of the ith component. ‘For a given system S(m)
both h and ¢, are functions of p,T. Fig. 3 gives. the dependence of h on T for
p=1 MPa, m=0 and 1 mol. Figs 4 and 5 give the temperature dependence of ¢
for w.ﬂm MPa and for different m. The discontinuities of ¢ in Fig. 4 are due nM
the disappearance of S/c. In addition to these discontinuities, ¢, and also & must

exhibit &wnO:S:ESmm due to the phase transition in the substance S/c. It follows
from relations (3) and (2) that
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Fig. 4. Dependence of specific heat capacity c, at constant pressure on temperature, for
p=1 MPa; [c,]=kIkg " K~*. ‘

e M M?
where 8I? /3T is the standard molar heat capacity at constant presure Cp; of
the ith component. The discontinuities in Cp;i(T) must of necessity show in the
discontinuities in ¢,. Fig. 6 illustrates the dependence Cpn(T) of the condensed
sulphur as found in [5]. Marked on the axis T are the temperatures in which
the function Cpn(T) is discontinuous or has no derivate with respect to T. The
discontinuities in ¢, which are due to the discontinuities in Cpn(7T’) are small and

they are neglected in Fig. 4.

IV. CONCLUSION

The composition and some thermodynamic properties of SFg contaminated
with carbon are published for the first time in this article not only for the gaseous
phase but also for the condensed phase.

Evaporated carbon reacts with fluorine from dissociated SF and forms a stable
gas CF4 [10]. At low temperature the system S contains, in addition to SFs
and CF4, condensed sulphur and its vapour, SFy4, and a highly toxic substance
S3Fy0 [11] (see Fig. 1). The temperature dependence of ¢, is discontinuous at a
temperature at which condensed sulphur disappears and at the temperatures of
phase transitions of condensed sulphur. This fact must be taken into account when
using ¢, in mathematical models of processes taking place in the circuit breaker.
SFg itself dissociates up to a temperature of 3000 K while CF, starts dissociating
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only at temperatures of over 3000 K. The result is that SFg can accumulate more
energy than SFs with C approximately to a temperature of 4000 K while above
this temperature it is SFg with C that accumulates more energy (see Fig. 3). The
molar fraction of free electrons decreases with increasing m (Fig. 2). . .
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TEPMOJIMHAMHYECKHUE CBOACTBA IPOJYKTOB
PEAKIHH SFs YTIEPOJOM IIPH TEMIEPATYPAX JIO 6 000 K

B pa6ore o6cyxpaeTca BaanMofeRCTBEe racduiero cpeacrsa SFs Buxa0IaTeNd BH-
COXOr'o M CBEPXBEHICOKOTO HalpaykeHHd C yriepofioM. lIpeanonoraerce, 9To B pesynpTaTe
B3aHMOJ{eHCTBHS BOSHHK3eT H3ONEpOBaHHad HfiealbRad CHCTEMa, KOTOpas HaXOfHTCH B
paBHOBecHEE. OnpejleneHE COCTaB, SHTAINBA B TENIOEMEOCTE NIPH NOCTOSHHOM [JABICHHE
TaXOH CHCTEMBI. -
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