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Composition of a thermal plasma formed from PTFE with copper in non-oxidant
atmosphere.
Part 11: Comparison of atest case with nitrogen
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Abstract

The aim of this work is to compare the main chamastic of good dielectric gas defined in
our previous paper with nitrogen gas. We study rti@ar fraction of chemical species in
PTFE, N and Cu mixture for several proportions and pressuWe show that the nitrogen
gas does not satisfy the characteristic of gooldchiec leading to the manufacturer to modify
entirely the electrical isolating set up.
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| ntroduction

In our previous paper we have define a test casie e Sk, PTFE and Cu to choose the
better insulating compounds [1]. As a matter ot the Sk gas is widely used for electrical
insulating and in high voltage circuit breakersg]2-The environmental impact and the life
cycle cost are, at the present time, keys for neavkets. So the competition between
industries is high for their image and for the nagers to find alternatives.

Studying the electrical breakdown strength of & and S§with Pashen curves [7], one
can think that playing with the pressure we camaiobthe same breakdown strength. That is to
say with a higher pressure the electrical breakdstkength of nitrogen is the same as the
electrical breakdown strength of SIFor the test case with §FPTFE and Cu we have shown
that we have to avoid the production of condensatten and have a good proportion of
electronegative species decreasing the electronslitndl]. The composition results can
give available indications. Consequently, the stafljhe composition for ) PTFE and Cu
with a pressure of 1 to 30 bars is useful.

First we explicit the chosen chemical species amal massic enthalpy calculation with
condensed phase. Secondly, we study the resulthrie mixtures case 1. 1% &), 98%
N2, 1% Cu; case 2: 50% £{E1)n, 49% N, 1% Cu and case 3: 98%,(&),, 1% N, 1% Cu in
weight percentage and for the case 2 with thregspre 1, 10 and 30 bars. Finally, we give a
conclusion.

l. Chemical species and enthalpy calculation

In our calculation, for the N PTFE, Cu mixtures, 11 monatomic species are takien
account: C, GC", Cu, Cu, Cu', F, F, F, N, N" and electrons, 17 diatomic species; G,
C,', CF, CF, CN, CN, CN, Cw, CuF, B R, R, FN, N, N, N," and 25
polyatomic species 145, GF3N, GFatxt , GFs, CGN, GN», G;, C4, CiNo, G5, CR, CF2+,
CFs, CR:', CFR, CFN, CNN, Cuk, RN, RN, _C, BN, T, BN, FNa, N3, NCN. For solid and



liquid phase we take the carbon solid, liquid copp®d solid copper into account. As in our
previous paper, the thermodynamic properties velmuperature are taken from [8] for solid
and liquid copper. The thermodynamic propertiessiid carbon are those of the graphite
taken from [8]. For the gaseous polyatomic spedata are taken from [8]. For the
monatomic and diatomic species the thermodynamapesties are calculated from the
partition functions [9]. The enthalpies of formatiare taken in [8].

To determine the composition we used the numenwoathod as described in [1, 10].
Concerning the enthalpy since we have solid andidigghase we calculated it by unit of
mass.

ixih + AH
i=1
N
>, xm
i=1

Where x, the molar fractionh the specific enthalpy of chemical species,the molar

weight and AH the enthalpy correction due to Debye effect tratvery low in our
temperature range

H =

1. Ny, (CzF4)n, Cu mixtures
I1.1 Influence of stoichiometric parameters.
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Figure 1.a: Molar fraction versus temperature at 1 bar fonigture of 1% (GF4)n, 98% N,
1% Cu in weight percentage.
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Figure 1.b: Molar fraction versus temperature at 1 bar famigture of 50% (GF4),, 49% N
, 1% Cu in weight percentage.
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Figure 1.c: Molar fraction versus temperature at 1 bar farigture of 98% (GF4)n, 1% SH,
1% Cu in weight percentage.

In figure 1, the molar fraction has been plotted tftree mixtures based o, NPTFE and
copper. In the case 1, 1%4&,),, 98% N, 1% Cu in weight percentage, the main chemical



species is the Nitrogen,NWe observe condensed phase liquid and solid ccpopk carbon
solid in the considered temperature range. Thmbdlecules does not dissociate at a high rate
in the considered temperature range. The carbad soblimates in Cyanogen CN around
2890K. The solid copper sublimates in CuF beforddoliquefied. For temperature higher
than 3000K the main species arg, W and F. For the charged particles, the eledtrica
neutrality is reached betweenaad Cu.

In the case 2, 50% ¢(€1), 49% N 1% Cu, the main chemical species arg OF, solid
carbon and solid copper. The Qfolecules dissociate in @Bnd F at a temperature around
2500 K. Equilibrium is reach between £molecules, F and carbon solid until 3480K when
carbon sublimates. For this temperature the i@&lecules dissociates in CF and F. The solid
copper sublimates in CuF and Gt a temperature of 1350 K. For the higher tentpezaat
6000 K the main chemical species arg N, C, N, CN, CF, Cu and,C The electrical
neutrality is reach between Cand F for the temperature lower than 4250 K andrmed Cii

for the higher temperature in the considered teatpes range.

In the case 3, 98% (E4,)n 1% Ny 1% Cu, the main chemical species are solid carGémn,
Nitrogen N and solid copper at low temperature. The GlBlecules dissociate in ¢Bnd F

at a temperature around 2650K.,@kolecules dissociate in solid carbon and F betv@&&

K and 3700 K. Thus the molar fraction of solid carbs stable in this temperature range. At
3685 K, when solid carbon sublimates in CF andtiie CER, molecules dissociate in CF and
F. Around 4470 K, CF dissociates in C and F. THel ssmpper sublimates in CuF and GuF
at a temperature of 1418 K 1350 K. For the higlengerature 6000 K the species are
monatomic F, C, CF, CN,and Cu. The electrical neutrality is reach betw€e and F

for the temperature lower than 4500 K aridasd Cu for the higher temperature in the
considered temperature range.

Comparing the three considered cases, we obseavéntieach case the carbon solid and the
solid copper are presents. Modifying stoichiometoefficients does not allow the creation of
gaseous species with carbon avoiding the carbaa. §dle CE; molecules are present in each
considered cases. The neutrality in gas phase de milow temperature betweenafd C

and between @nd C for the higher temperature in the considered teatpee range.

[1.2 Influence of the pressure

In figure 2, in the case of 50% {&),, 49% N , 1% Cu in weight percentage for two
pressures 10 bars and 30 bars, the molar fractemplatted versus the temperature. The
dissociation of Ckin CF, and F is made at 2540 K for 1 bar, 2790 K for a6skand 2920 K
at 30 bars. The carbon solid sublimates of at 3¢7& 1 bar, at 3630 K for 10 bars and at
3670 K for 30 bars. The GHlissociates in CF and F around 3460 K at 1 b&036 at 10
bars and 3830 K at 30 bars. CF dissociates in GFaandund 4100 K for 1 bar, 3940 K at 10
bars and 4220 K at 30 bars. The solid copper saltdisnand liquid copper vaporized in CuF
and Cul; at a temperature of 1340 K at 1 bar, 1470 K abd® and 1545 K for 30 bars. For
the higher temperature 6000 K, we observe thathilgber the pressure the higher the
molecule molar fractions. So the main species @@0K at 1 bar are F,INC, N, CN, CF, Cu
and G and for 30 bars N F, C, CF, CN, N, &N, C,, and Cu. The electrical neutrality is reach
between Cland F for the temperature lower than 4250 K andaed CU for the higher
temperature in the considered temperature ranfydat. For 10 bars, the electrical neutrality
is reach between Cuand F for the temperature lower than 5230 K andued Cu for the
higher temperature. For 30 bars, the electricalrakity is made between FCF and CUi.
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Figure 2.a: Molar fraction versus temperature at 10 barsafanixture of 50% (&Fs),, 49%
N2, 1% Cu in weight percentage.

1 N2
CF,
01} CF CN
CF, C(soli
. CN N
c Cu(solid)
2 0.01} o CFN C
@ Cu(liquid) ¢\r C
L Cu
T
g CuF
u
0.001 } CuF,
= CZNZ
2 C.F
CFE 2 2 NCNCU+F
2 4
0.0001 | CN, FN
CF F,
CH'
=
0.00001 : : S 2
1000 2000 3000 4000 5000 6000

Temperature (K)

Figure 2.b: Molar fraction versus temperature at 30 barsafamixture of 50% (&Fs)n, 49%
N, , 1% Cu.



I11. Massic Enthalpy

In figure 3, we have plotted the massic enthalpygu® temperature for the three considered
case the nitrogen and SF6 gas and three pressuresse 2. The nitrogen gas is considered as
a reference gas with enthalpy of formation equaeamm [8] due to the fact that it is stable in
atmosphere. The enthalpy of thes$s has a variation of enthalpy between 1800K4&0d

K due to dissociation of $FSF, and SE [11, 12]. This variation of enthalpy is useful to
extinguish an electrical arc since the electricedrgy from the electrical circuit is consumed
by the chemical reaction in the gas. Unlike thelatemm of enthalpy for the nitrogen gas
monotonically increases in the considered temperatange. As a matter of fact no
dissociation occurs. The same conclusion can beenfi@dthe mixture of the case 1, 1%
(CoFs,)n, 98% N, 1% Cu due to the fact that the main chemicalisgés the nitrogen (Fig 1.
and 2). For the case 2 and case 3, the variatiemtimalpy in the temperature range is due to
the sublimation of solid carbon and to the dissamieof CF, and Ck. (Fig 1 and 2).

The increase in the enthalpy is due to the chem&attion. The higher the pressure the
higher the temperature when the chemical reactamuirs. In figure 3 b, we have plotted the
massic enthalpy versus temperature in the cas&g2ar®l nitrogen for three pressures 1, 10
and 30 bars. The variation of enthalpy irs §&s is due to the dissociations of gaseous species
Sk, Sk, and SE, so since the pressure increase the dissociagmtions are made at higher
temperature. Concerning the case 2 the increasa#talpy is due to the carbon sublimation
and to dissociation of gaseous species &fd CE. Even the sublimation is abrupt (Fig 1 and
2) no shark increases in enthalpy is observed. stéer of fact around the same temperature
# 4000K the gaseous dissociation occurs. Withriheease of pressure the enthalpy increases
at higher temperature. Since no dissociation ocicutse temperature range 1000 to 5000 K
no variation in enthalpy for nitrogen plasma iseted in this temperature range.
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Figure 3.a: Massic enthalpy versus temperature at 1 bar f@raémixtures, SfFand N
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Figure 3.b: Massic enthalpy versus temperature for case gasdrN at tree pressures (1, 10
and 30 bars)

Conclusion

We have presented the molar fraction and massi@ahayt of mixture of PTFE, Nand Cu for
several proportions and pressures versus temperdthe industries since the Stave large
environmental impact wish to replace thesSfas for their system (electrical insulating,
circuit breakers). In our previous paper we haw@shthat a good proportion (stoichiometric
variables) of Skin the mixture avoids the condensed phase [1Ise€l8]. With nitrogen the
condensed phase are always present. The systenmitvidigen has to use a high pressure to
clean and push the polluted gas far from the eldels avoiding restriking. The energy gained
by the gas flow can be similar between; §&s and nitrogen gas. This energy in the firsé cas
is due to the dissociation of §FSFK and Sk for Sk gas and Cfand CF; and in the second
case to sublimation of condensed carbon for mixtofeN,, PTFE and Copper. The
electronegative ions molar fraction is low duehe tact that the Nis unstable. Nevertheless,
the electronegative ions are mainly due to theispdoom wall ablation. Finally, it seems that
the nitrogen is not a god gas for electrical insngain the existing system. To use the
nitrogen, manufacturers have to change their édatisolating set up.
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