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ABSTRACT: The aim of this work is to compare the main characteristicamcy
dielectric gas defined in our previous paper with nitroges. §#e study the molar
fraction of chemical species in PTFE; Bnd Cu mixture for several proportions and
pressures. We show that the nitrogen gas does not satisth#nacteristic of good
dielectric leading manufacturers to modify entirely thed@ctrical insulation set up.

KEY WORDS: circuit breakers, nitrogen, PTFE, carbon formation, copgielec-
tric gas, plasma composition

1. INTRODUCTION

In our previous paper we have defined a test case with the SH-E and Cu to
choose the better insulating compounds (Andre and KoaR@E)). As a matter
of fact the Sk gas is widely used for electrical insulating and in high agh
circuit breakers (Chu, 1986; Qui et al., 1987; Pham etal951%leischer et al.,
1998; Chritophorou et al., 1997). During the last decadarthm published papers
were devoted to the modeling of the gas phase and the plasaz® it thermal
equilibrium or in plasma out of thermal equilibrium (Gorzakt al., 2000; Lee and
Kim, 2006; Yokomizu et al., 2009). In such modeling the corma phase is not
considered that is why such calculation has to be made inetinpdrature range
where the condensed phases appear. That is to say betweékeartDE000 K.

The environmental impact and the life cycle cost are, attbsgnt time, keys for
new markets. So the competition between industries is fagtheir image and for
the purchasers to find alternatives.

Studying the electrical breakdown strength of nitrogen 8irgl with Pashen
curves (Koch, 1997) one can think that by modifying the pressve can obtain
the same breakdown strength. That is to say with a highespreghe electrical
breakdown strength of nitrogen is the same that the one gf [S# the test case
with SK;, PTFE and Cu we have shown that we have to avoid the producfion
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condensed matter and that we have a good proportion of @egative species
decreasing the electrons mobility (Andre and Koalaga, R0IfBe composition
results can give available indications. Consequentlystihy of the composition for
N,, PTFE and Cu with a pressure of 1 to 30 B is useful.

First we explicit the chosen chemical species and the spegithalpy calcula-
tion with condensed phase. Secondly, we study the resultsrize mixtures case 1.
1% (GF4)., 98% Ny, 1% Cu in weight percent (wp); case 2: 50% EZ),,, 49% N,
1% Cu in weight percent (wp) and case 3: 98%K9),,, 1% N,, 1% Cu in weight
percent (wp) and for the case 2 with three pressures 1, 10Ghe Pa. Finally, we
give a conclusion.

2. CHEMICAL SPECIES AND ENTHALPY CALCULATION

In our calculation, for the bl PTFE, Cu mixtures, 11 monatomic species are taken
into account: C, C, C*, Cu, Cu, Cu", F, F, F", N, N* and electrons, 17
diatomic species: § C,, C5, CF, CF", CN, CN-, CN*, Cw, CuF, k, F;, Fj,
FN, N2, N5, N; and 25 polyatomic species:sE,, CoF3N, CoF4, CoFg, C:N,
CoNa, Cs, Cy, C4Ny, Cs5, CRy, CFJ, CF;, CFf, CF;, CFN, CNN, Cuk, RN,
FoN5_C, N5 T, F3N, F4No, N3, NCN. For solid and liquid phases we take the
carbon solid, liquid copper and solid copper into accourd. i our previous
paper, the thermodynamic properties versus temperatareaken from (JANAF,
1998) for solid and liquid copper. The thermodynamic préperfor solid carbon
are those of the graphite taken from (JANAF, 1998). For theegas polyatomic
species data are taken from (JANAF, 1998). For the monatandaiatomic species
the thermodynamic properties are calculated from thetpmartfunctions (Andre,
1995). The enthalpies of formation are taken in (JANAF, J998 determine the
composition we used the numerical method as described idréAand Koalaga,
2010; Rochette et al., 2004). Concerning the enthalpy suedeave solid and liquid
phases we calculated it by unit of mass.

N
| =1
H= N
> Tim;
i=1
wherez; the molar fractionf; the specific enthalpy of each chemical species,

the molar weight and\ H the enthalpy correction due to Debye effect that is very
low in our temperature range

3. Ny, (CaF4)n, CUMIXTURES

3.1 Influence of Stoichiometric Parameters

In Fig. 1, the molar fraction has been plotted for three miegubased on N
PTFE and copper. In the case 1, 1%F¢,),, 98% N, 1% Cu in weight percent
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Fig. 1: Molar fraction versus temperature at>1Pa for a mix-
ture of (@) 1% (GF4).,, 98% N,, 1% Cu in weight percent (wp),
(b) 50% (GFy4),, 49% N, 1% Cu in weight percent (wp), and
(c) 98% (GF4)., 1% Sk, 1% Cu in weight percent (wp).
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(wp), the main chemical species is the Nitrogen We observe condensed phase
liquid and solid copper and carbon solid in the consideretptrature range. The
N, molecules does not dissociate at a high rate in the considemperature
range. The carbon solid sublimates in Cyanogen CN aroun@ &89The solid
copper sublimates and reacts with F to form CuF before to ligurd phase. For
temperature higher than 3000 K the main species arédNNand F. For the charged
particles, the electrical neutrality is reached betweeared Cu'.

In the case 2, 50% @F,),, 49% N, 1% Cu in weight percent (wp), the main
chemical species aresNCFy, solid carbon and solid copper. The Ciolecules
dissociate in Ckand F at a temperature around 2500 K. Equilibrium is estadxdis
between CE molecules, F and carbon solid until 3480 K when carbon sudibs
For this temperature the GHnolecules dissociate in CF and F. The solid copper
sublimates in CuF and Cydfat a temperature of 1350 K. For the higher temperature
at 6000 K the main chemical species arg N, C, N, CN, CF, Cu and £ The
electrical neutrality is reach between Cand F for the temperature lower than
4250 K and e and Cu for the higher temperature in the considered temperature
range.

In the case 3, 98% (F4,), 1% Ny 1% Cu in weight percent (wp), the main
chemical species are solid carbon, ,CNitrogen N, and solid copper at low
temperature. The GFAmolecules dissociate in GRand F at a temperature around
2650 K. Ck, molecules dissociate in solid carbon and F between 3050 K3Z@ad
K. Thus the molar fraction of solid carbon is stable in thisperature range. At
3685 K, when solid carbon sublimates in CF andtie Ck molecules dissociate in
CF and F. Around 4470 K, CF dissociates in C and F. The soligeopublimates
in CuF and Cuk at a temperature of 1418 K. For the higher temperature 600@K t
species are monatomic F, C, CF, CN,&hd Cu. The electrical neutrality is reached
between Cti and F for the temperature lower than 4500 K andand Cu for the
higher temperature in the considered temperature range.

Comparing the three considered cases, we observe thattircase the carbon
solid and the solid copper are presents. So, the modificafipnoportion between
N», PTFE, Cu does not allow the creation uniquely of gaseousespeBy this way,
one can not avoid the carbon solid formation. The @Blecules are presentin each
considered cases. The neutrality in gas phase is made attopetature between
F~ and Cu and betweeneand Cu for the higher temperature in the considered
temperature range.

3.2 Influence of the Pressure

In Fig. 2, in the case of 50% (E,),, 49% N,, 1% Cu in weight percent (wp) for
two pressures 10 $Pa and 30 10Pa, the molar fractions are plotted versus the
temperature. The dissociation of Ci CF, and F is made at 2540 K for 1(Pa,
2790 K for 10 10 Pa and 2920 K at 30 20Pa. The carbon solid sublimates at
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Fig. 2: Molar fraction versus temperature at (a) 10 Fa for
a mixture of 50% (GF,),,, 49% N, 1% Cu in weight percent
(wp), (b) 30 10 Pa for a mixture of 50% (§F4),,, 49% Ny, 1%
Cuinweight percent (wp).

3475 K for 16 Pa, at 3630 K for 10 TOPa and at 3670 K for 30 20The Ck
dissociates in CF and F around 3460 K at F&, 3560 K at 10 T0Pa and 3830 K
at 30 10 Pa. CF dissociates in C and F around 4100 K for, B®40 K at 10 10
and 4220 K at 30 10Pa. The solid copper sublimates and liquid copper vapoiized
CuF and Cuk at a temperature of 1340 K at1Pa, 1470 K at 10 10Pa and 1545
K for 30 10° Pa. For the higher temperature 6000 K, we observe that tiehthe
pressure the higher the molecule molar fractions. So tha spEcies for 6000 K at
10° Paare F, N, C, N, CN, CF, Cu and £and for 30 18 Pa N,, F, C, CF, CN,
N, C:N, Cy, and Cu. The electrical neutrality is reach betweerf @od F for the
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temperature lower than 4250 K and and Cu" for the higher temperature in the
considered temperature range at F&. For 10 19 Pa, the electrical neutrality is
reach between Cuand F~ for the temperature lower than 5230 K anda&nd Cu

for the higher temperature. For 30%1Ba, the electrical neutrality is made between
F~,CFrandCu.

4. SPECIFICENTHALPY

In Fig. 3, we have plotted the specific enthalpy versus teatpex for the three
considered cases, the nitrogen and 8&ses and three pressures for case 2. The
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Fig. 3: Specific enthalpy versus temperature (a) atRa for several

mixtures, Sk and N,, (b) for case 2, SfFand N, at tree pressures
(10°,10. 10 and 30 10 Pa).
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nitrogen gas is considered as a reference gas due to itdmntdidormation equal
to zero (JANAF, 1998). As a matter of fact it exists af Fa. The enthalpy of the
SFs gas has a variation of enthalpy between 1800 K and 4000 K ddisgociation
of SF;, Sk, and Sk (Brand and Kopainsky, 1978; Andre, 1997). This variation
of enthalpy is useful to extinguish an electrical arc sireedlectrical energy from
the electrical circuit is consumed by the chemical reaciiothe gas. Unlike the
variation of enthalpy for the nitrogen gas monotonicallgreases in the considered
temperature range. As a matter of fact no dissociation gcdire same conclusion
can be made for the mixture of the case 1, 1%H(),,, 98% N, 1% Cu in weight
percent (wp) due to the fact that the main chemical specig®isitrogen (Figs. 1
and 2). For the case 2 and case 3, the variation in enthalpg iretnperature range is
due to the sublimation of solid carbon and to the dissociatiocCF, and Ck (Figs.

1 and 2). The increase in the enthalpy is due to the chemiaatioms. The higher
the pressure the higher the temperature when the cheméazziaoes occur. In Fig.
3b, we have plotted the specific enthalpy versus temperatihe case 2, SfFand
nitrogen gases for three pressured, @ and 30 10 Pa. The variation of enthalpy
in SK; gas is due to the dissociations of gaseous specigs SH;, and Sk. So since
the pressure increases the dissociation reactions are atddgher temperature.
Concerning the case 2 the increase in enthalpy is due to thercaublimation
and dissociation of Cfand CFk, gaseous species. Even if the sublimation is abrupt
(Figs 1 and 2) no shark increases in specific enthalpy is wedeAs a matter of
fact around the same temperature, gaseous dissociations @th the increase of
pressure the enthalpy increases at higher temperatures % dissociation occurs
in the temperature range 1000 to 5000 K no variation in epyifalr nitrogen plasma
is observed in this temperature range.

5. CONCLUSION

We have presented the molar fraction and specific enthalpgusdemperature of
mixture of PTFE, Nl and Cu for several proportions and pressures. The indsistrie
since the Sk gas has a very bad ecological impact, wish to replace thegaf
for their electrical apparatus (electrical insulatingcuit breakers). In our previous
paper, we have shown that a good proportion (stoichiomeutfficients) of Sk
with PTFE and copper avoids the condensed phase (Andre aakhd& 2010;
Speckhofer et al., 1999). With nitrogen the condensed phigsalways present for
all mixtures of PTFE, Nand Cu. So an electrical apparatus with nitrogen has to use
a high pressure to clean and push the polluted gas far froreltlotrodes to avoid
restriking. The energy gained by the gas flow can be similawden Sk gas and
nitrogen gas. This energy transport, in the former caseyéstd the dissociation
of SK;, SF; and Sk, CF, and Ck and in the latter case due to sublimation of
condensed carbon. The molar fraction of electron negaiiveis low due to the fact
that the N™ is unstable. Nevertheless, one can remark that the elewdgative ions
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are mainly due to the species from wall ablation. Finallgeiéms that the nitrogen
is not an available gas for electrical insulating in the &g system. To use the
nitrogen, manufacturers have to change their electriqzdgtus.
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