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Abstract

This study describes the electrical behaviour of FIGIAION granular composite materials under pulsed high electric fields. Such composite
materials favour enhanced discharge on surface and the global electric field required for the discharge is very reduced compared with a similar
air gap at the same atmosphere pressure. It is shown that the electrical discharge proceeds with successive steps and the most importar
one is the local ionisation of the air atmosphere. At the macroscopic scale, ionisation mechanisms are approximated to the Paschen’s law
and at the microscopic scale, breakdown follows the Fowler—Nordheim’s law for the enhanced field emission at SiC grain boundaries. The
global electrical properties vary against the surface morphology since the number and shape of macroscopic sites for surface ionisation highly
influence the breakdown mechanism.
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1. Introduction subjected to electrical discharges at high voltage, to form lo-
calized plasma over the material surface. To investigate the

Materials for electrical surface discharge are an attractive mechanisms involved, electrical properties were examined

solution to obtain hot plasma over the surface. They are suit-with current versus tension characteristics at atmospheric

able for gas or liquid ignition at low and high (up to 2MPa) pressure under air. These results were correlated with the

atmosphere pressure. The surface discharge materials aropography of material surfaces.

composite ceramics including micro-scaled but conductive

grains embedded in an insulating or semi conductive matrix

material. Over the surface, under a high electric field 2. Surface topographies

from external electrodes, a breakdown current flow from

electronic field emission mechanisms occurring at localized The SIC-8'SIAION composite material was prepared

s_ites on .thr-.j mqterial surface. In general, iF is assumeq thatfrom powders of SiC (Starck), SN, (Starck, M11), AbO3
field emission 1s fayoured_ by surface micro protrusions (Pechiney, P172) and MgO (Prolabo) as sintering additive.
challsed at conductlve'gralms. The Iocql eIgctncaI field is Two different SiC grain sizes were used, but the SiC-matrix
h|ghly enhanceq to attf?un'mgh value, which is the threshold phase ratio was maintained at 73vol.%. In this way, we ob-
for this type of field emission to occér. tained two very similar materials with equivalent physical

In ”“? StUdY’ we_used_particl_e-reinforced ce_ramic matrix properties but with different surface roughness. They were
composites with micro-sized SiC grains afdSiAION as referenced as NCId§ =: 17.9um) and NC2 (o.s: 7.3um)

.matrlxl phase. TWO.S'm'.lar ceramic mat_nx g:omp03|tes WEre powders were ball milled in water—dispersant solution to at-
investigated but with different SiC grain sizes. They were tain a precisely adjusted rheology of the slip during mixing
and to limit the reduction of size of SiC grains. After drying,
* Corresponding author. Tel.: +33 5 55 45 22 11. powders were shaped by isostatic compaction at 200 MPa in
E-mail addressp.blanchart@ensci.fr (P. Blanchart). silicon rubber moulds. The preliminary firing stage was at low
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Table 1

High spot characteristics

Sample Peak (mn?) Mean area(m?) Mean height m)
NC1 3876 248 3.47

NC2 9922 9RB7 198

Fig. 1. Surface maps of NC1 (a) and NC2 (b) samples, fop26 250pum
surfaces.

In Fig. 2, Abott curves of NC1 and NC2 samples have
similar shapes with a central straight line, which divide the
curve in three areas. As the straight-line length is considered

temperature (500C) under vacuum, and the sintering stage to be the depth of the roughness core profitey(2), Sk

was in a graphite kiln at 168@, under N at atmospheric IS the reduced peak height protruding from the core area.
pressure. Therefore, we considered that all height values, which are
Surface topographies were measured on NC1 and chactive for the atmOSphere ionisation, must be included in the
materials by a non-contact optical profiler (NOP) (Fogale Spk values, i.e. um for NC1 and qum for NC2. Using this
Nanotech). In NOB,surface height variations are measured Parameter, we calculated the high spot count for each sample,
by optical phase shifting and white light vertical scanning Which s the surface density of peaks higher than the material
interferometry, with a vertical measurement performance of core profile. We calculated also the mean area and the mean
2nm. Along the material surface, the light intensity of op- heights, which are reported ifable 1 It is seen that surface
tical fringes is related to the surface profile and discredited morphologies of NC1 and NC2 differ significantly since the
into the measurement array of a camera. Within individual high spots characteristics are very different.
pixel and for each sampling interval, the light intensity rep-
resents the averaged value the surface heights within the ele-
mentary surface. The lateral spatial sampling is fixed by the 3. Electrical characteristics of samples
magnification of the optical system. We used an objective
lens magnification of 10 and the sampling interval jsm in The current—voltage characteristic of our composite ma-
both directions. Surface maps of NC1 and NC2 materials areterial extends to a broad range of voltage and current, about
shown inFig. 1(a) and (b), respectively. 1200V and 200 A. The general aspect of curves is presented
Roughness (short waves) and waviness (long wave) ofin Fig. 3for NC1 and NC2 samples under air atmosphere. In
surface profiles must be preliminary separated by a filtering general, a first and rapid increase of voltage is followed by
operation, to obtain the reference mean surface. This proce-2 plateau, where the voltage maximify is attained. The
dure uses a Gaussian filter whose parameters are adjusted teubsequent and very rapid decrease of voltage is accompa-
remove most of the waviness. nied by alarge increase of current. During this stage, a second
On profiles, we computed the material ratio curves (Abott and small voltage characteristic point is observed, followed
curves), which are the depth distribution from the highest by a second rapid decrease. During this last stage, hot plasma

peakdgn versus the bearing ratiG,, is expressed in percent
of the sum of material-filled surface$ to the evaluation

surfaceSy at a given profile section. Itis the distance between

the measured intersection level and the reference level:

1
Smr = g zl: Si x 100 (1)

Fig. 2. Abott curves for NC1 and NC2 materials.

is formed under the high current density, that it is useful for
ignition.

The whole duration of discharges is about 1Hand the
process ends when the capacitor discharge is exhausted. The
whole duration of the discharge was adjusted by the capaci-
tance and the damping resistor values placed in series.

It is proposed that the sequence of phenomena can be
explained using the knowledge from electric discharges
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Fig. 3. Current—voltage characteristics for NC1 (straight line) and NC2
(dashed line).
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in low-pressure gas, under the Paschen’s law. This model -24.04
reflects the electrical breakdown mechanism in gases at the
Vim voltage.Vp, is related to thepd product wherep is the < 2421
gas pressure artlis the gap between electrodes: E oas
< M
Bpd =
R 2 4
" = In(Apd) — In(ad) @ = 249
C
where A and B are gas dependant parametegsis the T 48]
Townsend's first ionisation coefficient, which relates the

8.4x107 8.8x107 9.2x107 9.6x107 1.0x10°

mean free path for electron secondary ionisation to the total
1/E (m/V)

scattering path. It is pressure and electric field dependant. In
the continuation of the discharge process, the acceleration of
ions in the electric field leads to secondary electron emissions
at the electrodes. This secondary emission replenishes the gych very high values are commonly encountered with
population of ions and the discharge becomes self-sustainingcarbon or metal films, where small protrusions or thin oxide

Fig. 4. Fowler—Nordheim plot near the breakdown point.

when: layers enhance drastically the local electric figld.
1 For both NC1 and NC2 materiafsvalues are not signif-
ad =In (l + ) ©) icantly different. It is therefore assumed that material char-

acteristics, at the macroscopic scale, are similar and that the

where y is the secondary ionisation coefficient for the ey gifferent electrical responsefig. 3) are mainly related
electrode surface. Whemincreasesy decreases from the 4 gyrface topographies.

limiting low-pressurec is the number of electron-ion pairs

generated per unit distance, which is related to the secondary

electron emissiow at the cathode through E(B). A large 4. Conclusion

decrease af means an increase pf which exceeds realistic

values. Therefore, it is also assumed the occurrence of the  The emission sites on NC1 (Si s 17.9.m) surface

Fowler—Nordheim’s mechanisfit describes the expression are significantly coarser but fewer than for NC2 (SI;

of the current densityflowing between electrodes: 7.3m). Besidesp for NC1 is lower than for NC2, whereas
aE2 @32 Vi for NC1 is reduced in comparison withy, for NC2. This
Jj= & exp <_bE> 4) is explained by surface morphologies of material. For NC1,

the mean height of high spots is higher than for NC2, but

where @ represents the work function of the material the number of gaps for current percolation between external

(2.7-5eV) ancE is the electric fielda andb parameters  electrodes is lower. We suggest that the extended breakdown

depend or® and are estimated as: during the hot plasma event is triggered by a preliminary ion-

a=154x 10°Am=2. b =683x 10°V-2m isation process at a limited number of “emitter” sites, whose
’ geometrical and electrical characteristics must be optimised.

For our materials, Fowler—Nordheim’s law must be mod-

ified to take into account the enhanced field emission at local

emission sites on surfaéeSuch phenomenon is observed References
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