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A bstruct 

The thermal behaviour of two SiCN nanopowders 
(C/N = 0.87 and C/N= O-22), issued from laser 
pyrolysis, is studied under two direrent atmospheres 
(He, Nz) by means of thermogravimetry coupled 
with mass spectrometry, and X-ray d$raction. In 
the 2551200°C temperature range, the same beha- 
viour in both helium and nitrogen is observedfor the 
two SiCN nanopowders: very little weight loss 
occurs because of the evolution of a&orbed water, 
residual synthesis gases and also methane, hydrogen 
and carbon monoxide. However, above 12Oo”C, the 
signtfkant weight loss associated with the release of 
nitrogen and oxide species, under helium, is related 
to the decomposition process: whereas under nitro- 
gen the weight gain results from the nitriding pro- 
cess. These two phenomena are more important for 
an amorphous powder. A comparison of the hot- 
pressing of Si3N4 UBE and SiCN nanopowders with 
sintering aids (YzO3, AlzOj) indicates that the c1 to 
p SisN, transformation rate is increased by the small 
grain size and by the presence of Sic in SiCN 
nanopowders. 0 I998 Elsevier Science Limited. All 
rights reserved 

Le comportement thermique de deux nanopoudres 
SiCN (C/N = O-87 et C/N = O-22), synthetistes par 
pyrolyse laser, est etudie par thermogravimetrie 
couplee a l’analyse de gaz par spectrometrie de 
masse sous atmosphere inerte (He) ou reactive 
(Nz) . Dans le domaine de temperature compris entre 
25 et 1200°C, le meme comportement, a la fois sous 
helium et sous azote, est observe pour les deux 
poudres SiCN : la faible perte de masse provient des 
degagements d’eau adsorb&e, de gaz residuels de 
synthese, ainsi que de methane, d’hydrogene et de 
monoxyde de carbone. En revanche, a partir de 
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1200” C, sous helium, 1 ‘importante perte de masse 
accompagnte des degagements d’azote et de com- 
poses oxygen&, est like a la decomposition des 
poudres; alors que sous azote le gain de masse 
resulte d’un processus de nitruration. Ces deux phe- 
nom&es sont dhutant plus importants que la poudre 
est amorphe.Le frittage sous charge de la poudre 
Si3N4 UBE et des nanopoudres SiCN en presence 
d’ajouts ( YzO,, Alz03) met en evidence des taux de 
transformation S&N4 a --f p e’levts dans les nano- 
poudres SiCN en raison de la faible taille des grains 
et de la presence de Sic. 0 1998 Elsevier Science 
Limited. All rights reserved 

1 Introduction 

In recent years, much interest has been focused on 
nanophase materials which, due to their small 
grain size, can offer improved properties compared 
to traditional materials. I,* Nanocomposite materi- 
als containing at least one component having 
nanometric dimensions, exhibit dramatic improve- 
ments in mechanical properties, as has been repor- 
ted, particularly by Japanese researchers, for Si3N4 
based nanocomposites. 3-6 Moreover, a further 
advantage of these systems is their ability to be 
hot-formed because of their fine microstructures. 

In this context, Si3N4/SiC(N) nanocomposites 
are produced in order to fabricate ceramic parts by 
hot-forming. The approach of the study consists of 
introducing SIC(N) nanoparticles obtained from 
laser pyrolysis as a second phase, so as to influence 
the microstructural development of materials. 

The aim of the present work is to determine, on 
the one hand, the thermal behaviour of SiCN 
nanopowders in two different atmospheres, and on 
the other hand, the reactivity of these powders with 
sintering aids (Y2O3, Al2O3) compared with the 
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S&N4 powder constituting the matrix of the nano- 
composites. This is necessary to understand the 
behaviour of the nanometric second phase during 
the sintering process of nanomaterials. 

2 Experimental Procedure 

Silicon carbonitride powders are synthesized by a 
CO2 laser driven gas phase reaction involving SiH4, 
CHsNH* and NH3 gaseous mixtures (synthesis is 
carried out at CEA - DRECAM - SPAM, Saclay, 
France). The experimental apparatus has been 
described elsewhere.* The beam of a continuous 
wave CO2 laser enters horizontally the reaction 
cell through a KC1 window and crosses the vertical 
gaseous flow of reactants injected through an inlet 
capillary. The reaction is caused by the resonance 
between the emission of the laser at 10.6 pm and an 
infrared absorption band of SiH4. During the pro- 
cess, reactant gases are heated by the absorption of 
CO2 laser radiation and decompose, causing parti- 
cles to nucleate and grow rapidly. An argon flow 
prevents powder deposition and guides the 
obtained products into a powder collector. The as- 
synthesized powders are stored in a glove-box to 
avoid contamination by air or water vapour. 

The main synthesis parameters and chemical 
composition of the two SiCN nanopowders are 
reported in Table 1. The chemical composition has 
been calculated from elemental analysis realized by 
ICP (Inductive Coupled Plasma) at CNRS (Service 
Central d’Analyses, Vernaison, France). The well- 
crystallised compounds (Si3N4, Sic...) does not 
define exactly the SiCN nanopowders. In fact, it 
has been observed by XPS, EXAFS and XANES 
that SiCN nanopowders obtained by laser pyr- 
olysis are composed of mixed tetrahedra SiC,N4_x 
with a small amount of Si-0 bonds.9-t1 The IR 
spectroscopy study of the surface of SiCN laser 
synthesized powders shows the presence of Si-QH 
and Si-H bonds.s Moreover, it must be noticed 
that X-ray diffraction analysis indicates a more 
pronounced degree of crystallisation in the SiCN29 
nanosized powder rich in silicon nitride than in 
SiCN35 powder. 

The thermal behaviour of SiCN nanopowders in 
flowing helium or nitrogen (flow rate: 25cm3 
min-’ , purity: 99.9999%) is investigated by using a 
thermogravimetric analyser (Netzsch STA 409) 
interfaced with a quadrupole mass spectrometer 
(MS, Quadrex 200, Leybold Heraeus, 70 eV elec- 
tron impact). This equipment (TG/MS) allows the 
different gases evolved during the pyrolysis to be 
identified, and the signals of characteristic ions to 
be plotted as a function of the temperature along 
with the TG curve. 

Powder samples are preliminary compacted and 
broken into small parts in order to prevent the 
suction of fine particles during the vacuum pump- 
ing. They are then heated in an alumina crucible 
from room temperature to 1500°C (for 1 h) with a 
heating rate of 10°C min-‘. 

The reactivity of SiCN nanopowders with sin- 
tering aids is studied by comparing the (II (equiaxed 
grains) to B (acicular grains) S&N4 phase transfor- 
mation in SiCN nanopowders and in Si3N4 (UBE 
Industry) powder. Treatments of each powder 
mixed with sintering aids (Y203: 6 wt%, A1203: 
3 wt%) at 1530°C for 2 h are carried out by hot- 
pressing (LPA 200 LC device) in a BN coated gra- 
phite die under a constant applied load of 35 MPa 
in a nitrogen atmosphere. 

Phase analysis is carried out by X-ray diffraction 
with a Philips PW 1130 apparatus equipped with a 
copper anticathode. Semi quantitative and com- 
parative determination of the weight fraction of Q 
and /3 S&N4 phases has been made on powder 
samples before and after heat treatment by using 
the integrated intensity ratio of the peak [200] for p 
Si3N4 and [201] for a! Si3N4 corrected according to 
the calculated calibration curve developed by Gaz- 
zara and Messier.12 The main goal is to estimate 
the effects of the two different atmospheres and of 
sintering aids on the a! and /I Si3N4 phase develop- 
ment rather than to measure very precisely the ar 
and fi phase content. 

3 Results and Discussion 

3.1 Thermal behaviour under helium atmosphere 
TG studies under a helium flow (Fig. 1) reveal a 
weight loss which is more important for SiCN35 
(-8%) than for SiCN29 nanopowder (-5%). 
Correlation of the mass spectrometry (MS) results 
[Figs 2(a) and (b)] with the TG profile indicates 
that the weight loss occurs in three steps: 

0 from 25 to 4OO”C, a small mass fraction is 
lost, reaching 0.7% for SiCN35 compared 
with 0.3% for SiCN29 nanopowder. In this 
temperature range, an evolution of adsorbed 
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Fig. 1. TG profiles of SiCN nanopowders under helium flow. 
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Table 1. Synthesis conditions and chemical composition of SiCN nanopowders 

Reactant gasjow rates (cm’min-‘) Laser power ( W) Chemical composition (wt % ) CIN atomic ratio 

SiH, CH3NH2 NH3 S&N4 SiOz Sic C Si 

SiCN29 360 90 320 400 86.3 1.1 8.6 4 0 0.22 
SiCN35 350 197 0 600 45.1 4.3 45.1 0 5.5 0.87 

200 400 gw 
Temperature (“C) 

a) during the heating 

120 140 160 180 200 

Time (mm) 

b) during the one hour heat treatmen, 

Fig. 2. Gas evolution (MS) during the heat treatment under 
helium of SiCN35 nanopowder (a) during the heating, (b) 

during the 1 h heat treatment. 

0 

water (H20, m/z = 18, 17) and residual synth- 
esis gases such as NH3 (m/z = 17, 16), SiH4 (m/ 
z = 30) CHsNH2 (m/z = 30, 28) and CHsSiHs 
(m/z=44) is detected by MS. Whatever the 
powder, the water release is observed at 
around lOO”C, while the synthesis gases 
evolve at different temperatures depending on 
the composition of the powder (SiCN35: 
200°C for all synthesis gases compared to 
SiCN29: 300°C for NH3 and 400°C for SiH4 
and CHsNH,); 
between 400 and 12Oo”C, the weight loss is 
very limited in magnitude (i.e.-0.3% in the 
case of SiCN35, and -0.2% for SiCN29). At 
the same time an evolution of hydrogen (Hz, 
m/z = 2) methane (CH4, m/z = 16, 15) and 
carbon monoxide (CO, m/z = 28, 12) appears. 
The evolution of carbon monoxide is max- 
imum around 1100°C for the two powders, 
unlike methane and hydrogen which evolve, 
respectively, at 600 and 850°C for SiCN35 
and at 750 and 1200°C for SiCN29; 

l from 1200 to 1500°C the most important 
weight loss is observed. After a 1 h heat treat- 
ment at 15OO”C, this reaches 6.7% for SiCN35 
compared to 4.3% for SiCN29 nanopowder. 
In this stage, the main gases detected by MS 
are nitrogen (N2, m/z = 28, 14), nitrous oxide 
(NZO, m/z=44, 30) and carbon monoxide. 
These gaseous evolutions are maximum 
around 1350°C for SiCN35 nanopowder, 
while they evolve at 1500°C for SiCN29. The 
evolution of such gases takes place during the 
isothermal treatment (1 h at 1500°C). 

3.2 Thermal behaviour under nitrogen atmosphere 
TG curves (Fig. 3) of the two treated powders, 
under nitrogen atmosphere, exhibit similar beha- 
viour and show a weight gain, in particular for 
SiCN35 nanopowder. Three stages, which are con- 
firmed by MS analysis, may be distinguished. The 
two first steps (from 25 to 400°C and between 400 
and 1200°C) are similar to those obtained under a 
helium atmosphere, and the same gases are 
evolved. The third stage (from 1200 to 15OO’C) 
concerns the weight gain, which is higher for 
SiCN35 (+ 8%) than for SiCN29 nanopowder (+ 
0.5%). At the same time, gaseous products detec- 
ted by MS [Fig. 4(a) and (b)] are carbon monoxide 
and nitrogen oxides (NZO, NO m/z = 30). The evo- 
lution of such gases reaches a maximum at 1420°C 
for SiCN35 nanopowder, while they evolve at 
around 1500°C for SiCN29. 

3.3 X-ray diffraction analysis 
Figures 5(a) and (b) compare the XRD patterns of 
SiCN29 and SiCN35 samples before and after 
annealing at 1500°C for 1 h, under helium and 
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Fig. 3. TG profiles of SiCN nanopowders under nitrogen 
flow. 



1190 M. Mayne et al. 

Time (min) 

a) SiCN35 nanopowder 

I60 180 200 
Time (min) 

b) SiCN29 nanopowder 

4. Gas evolution (MS) during the heat treatment under 
nitrogen of SICN nanopowders (a) SiCN35, (b) SiCN29 

nanopowders. 

nitrogen. The development of crystallinity is 
observed in heat treated samples, particularly for 
SiCN35 nanopowder [Fig. 5(a)]. Whatever the 
powder and the nature of the atmosphere, common 
crystalline phases are observed in annealed 
samples: a! and ,!I SisN4, /3 SIC (based on JCPDS 
cards nos 410360, 331160, 291129, respectively). 
Note that /3 SIC is difficult to detect in SiCN29 
powder because of its low content and the super- 
position of its specific peaks with those of Si3N4. 

It is worthy of note that the helium atmosphere 
yields to the formation of free silicon (JCPDS card 
no: 271402), especially for SiCN29 nanopowder. 
For SiCN35, the silicon peak, initially present 
becomes higher and sharper by annealing the 
powder under this atmosphere. 

Powders treated under nitrogen atmosphere do 
not contain free silicon. In the case of SiCN35 
nanopowder, it must be noticed that the silicon dis- 
appears, compared to the as-synthesized powder. 

The determination of cz or #? Si3N4 content in 
annealed powders indicates that a helium atmo- 
sphere involves the preferential formation of the /I 
phase, while a nitrogen atmosphere leads pre- 
ferentially to the CY phase. Indeed, after a one hour 
heat treatment under nitrogen, the content of a! 
S&N4 is 82 wt% for SiCN35 nanopowder and 
50 wt% for SiCN29, compared respectively, to 

50 wt% and 40 wt% after a 1 h heat treatment 
under helium atmosphere. Note that the a Si3N4 
content is approximately the same in the SiCN29 
powder treated under nitrogen (50 wt%) as in the 
as-synthesized powder (47 wt%). 

3.4 Reactivity of powders with sintering aids 
The CY to fi S&N4 transformation rate is calculated 
by comparing the o/B SisN4 content ratio mea- 
sured by XRD on hot-pressed samples with that 
measured on as-synthesized powders. Note that 
such a calculation is only feasible for crystallised 
powders (SiCN29, Si3N4) where a/B initial ratios 
can be determined (o/B = 100/O for Si3N4, 
a/B = 47/53 for SiCN29). In the case of the semi- 
crystallised powder (SiCN35), the a//3 ratio in the 
initial powder is extrapolated to that obtained 
from the crystallised powder under nitrogen atmo- 
sphere (a/b = 18/82). Such an approximation can 
be made because previous resultsi have indicated 
that, whatever the SiCN nanopowder, treatments 
under nitrogen atmosphere without sintering aids 
in the hot-pressing device at 1530°C for 2 h involve 
the same a//J ratios as those obtained from heat 
treatment under nitrogen at 1500°C for 1 h in the 
TG device. 

After a one hour hehum treatment 

IO 20 30 40 50 60 70 80 90 
28 (defqees) 

a) : SiCN35 nanopowde~ 

26 (degrees) 

b, SCN29 nanopowder 

Fig. 5. X-ray diffraction patterns of as-synthesized and heat 
treated SiCN nanopowders (a) SiCN35, (b) SiCN29 nano- 

powders. 
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Results concerning csr/B ratios and a! to /3 trans- 
formation rates as well as the densification rates of 
the hot-pressed products are reported in Table 2. 

The transformation rate is greater in SiCN 
nanopowders than in SisN4 powder, suggesting 
that the ultrafine powders are more reactive with 
the oxynitride liquid phase formed from the addi- 
tives (Y203, AlzOs) during sintering. 

Moreover low densification rates are observed 
for Sic enriched nanopowder (SiCN35). In order 
to compare the reactivity of the two nanopowders 
in the presence of sintering aids, transformation 
rates should be weighted by the shrinkage resulting 
from sintering, because these two parameters play 
an important role in the densification process. 
Thus, the /3 content/shrinkage ratio is equal to 2 
for SiCN29 nanopowder compared to 3.2 for 
SiCN35. Such a result reveals that a high SIC con- 
tent (SiCN35) induces an important transforma- 
tion rate. 

3.5 Discussion 
All these results give evidence of the important 
reactivity of SiCN nanopowders under different 
atmospheres and with sintering aids, which varies 
with the chemical composition and the degree of 
crystallisation of the powders. 

3.5.1 Thermal behaviour of SiCN nanopowders 
under helium and nitrogen atmospheres 
Whatever the powder and the nature of the atmo- 
sphere, in the 25-1200°C temperature range, the 
slight decomposition of powders is explained on 
the one hand, by the desorption of water, ammonia 
and gaseous products issued from the synthesis 
process (CH3NH2, SiH4, CHsSiH& and on the 
other hand by the evolution of methane, hydrogen 
and carbon monoxide. Such phenomena have also 
been observed in the case of SiCN nanopowders 
obtained by laser spray pyrolysis of liquid pre- 
cursors,14 and should arise from the gaseous pre- 
cursors adsorbed on the surface of powders 
because of their high specific area (50 m2g-‘) and 
of the quenching during the synthesis process. 

Below 4OO”C, the NH3 evolution can be 
explained by transaminationcondensation reac- 
tion (1, 2). This reaction is equivalent to an 
exchange of N-Si and N-H bonds15 (which pre- 
sence has been demonstrated by IR spectroscopy 

Table 2. Comparison of the cx to p S&N4 transformation rate 
in SiCN nanopowders and in Si3N4 UBE powder 

Powder CY//~ ratio CI + /3 transformation DensiJication 
grade (wt%) rate (wt%) rate (%) 

S13N4 UBE 70130 30 
SiCN29 o/100 100 90 
SiCN35 20/80 (74) 63 

on the same systems*), thus involving the forma- 
tion of new Si-N bonds which leads to trisilylated 
nitrogen atoms. Such a reaction has also been 
reported in studies concerning the polysilazane 
decomposition.i6 

2 -&-NH-k- + 

,-si-, 

I I 
-IS/-Nsi- + -k-NH2 (1) I 

-{i-NH2 (2) 

Between 400 and 12OO”C, the decomposition reac- 
tions most probably involves radical mechan- 
isms.17,18 The formation of methane arises from 
radical cleavage of Si-CH3 bonds followed by H 
abstraction: 

-ii - CH, 
I 

___) -Si* + l CH3 (3) I 

CHy 
H abstraction 

w CH4 (4) 
fromSi_H, N-H, C-H 

The large escape of hydrogen is due to homolytic 
cleavage of Si-H, N-H and C-H bonds followed 
by H abstraction: 

s&n (or C-H,orN-H) + Si. (or C*, or N* ) +H* (5) 

H abstraction 
w.H, (6) 

However above 12Oo”C, the chemical composi- 
tion and the structural arrangement of SiCN 
nanopowders depends on the nature of the atmo- 
sphere. Under inert atmosphere (He), the impor- 
tant weight loss with the evolution of nitrogen, 
nitrous oxide and carbon monoxide indicates the 
decomposition of SiCN(0) phases. Such a weight 
loss under an inert atmosphere has also been 
observed for laser SiCN nanopowders issued from 
liquid precursors. l4 The decomposition phenom- 
enon, previously demonstrated in same systems 
derived from organometallic precursors,19 arises 
from reaction (7). This reaction proceeds by the 
vapor-liquid-solid (VLS) mechanism involving the 
formation of a byproduct Si(sLvj. 

_p 
SiCxNyOz + C _ Sic + N, + 

3 _p 
N,O + SiO 

(7) 
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When the free carbon content is low, the SIC for- 
mation becomes difficult or impossible. Thus, the 
evaporation of silicon, depending on the powder 
bed depth,19 explains both the weight loss and the 
formation of free silicon (detected by XRD) in the 
two SiCN nanopowders treated under helium 
atmosphere. 

In the particular case of a crystallised system 
containing a large quantity of silicon nitride 
(SiCN29), reaction (7) is minor and the decom- 
position phenomenon could be explained by the 
decomposition reaction of silicon nitride (8).20 
Such a reaction is possible because of the small 
particle size involving an important reactivity of 
the SisN4 phase present in SiCN29, and is con- 
firmed by the formation of free silicon (XRD) in 
SiCN29 treated under helium. 

2 
Si3N4 ___) 3% + 2N2 (8) 

Because of oxygen contamination of the nano- 
powders (Si-0 bonds), active oxidation phenom- 
ena of silicon nitride21>22 can also lead to the 
decomposition of SiCN29 powder in the 1500°C 
temperature range, and reactions (9, 10) could be 
summarised by: 

1” 2 
SisN4 + 3SiO2 - 6Si0 + 2Nz (9) 

S&N4 + 312 02 - 3Sd + 2$ (10) 

Note that the SiO release cannot be detected by 
MS because this compound is only stable at high 
temperatures and condenses on the cold walls of 
the device. The existence of silica at the surface of 
SiCN powders has been observed by XPS and 
TEM.23 

The carbon monoxide evolution arises essentially 
from active oxidation of SIC which can be descri- 
bed either by the reaction (11) at 900°C or by the 
reaction (12) above 1400”C.24 

SIC + 02 __) s$+ c&? (11) 

2 SiOz + Sic _ 3sd+ Cd (12) 

Consequently, the results concerning the thermal 
stability of SiCN nanopowders under inert atmo- 
sphere indicate that the stability of SiCN29 nano- 
powder is better than that of SiCN35. This stability 
difference is confirmed by the temperature of the 

maximum evolution of gaseous products (N2, 
N20) which is higher for SiCN29 (1500°C) than for 
SiCN35 (1100%). 

Under reactive atmosphere (Nz), the important 
weight gain with the evolution of carbon monoxide 
and nitrous oxide, observed particularly for 
SiCN35 nanopowder, is due to the nitriding of the 
powders according to the following reactions: 

22 _p 
SiC,N,O, +N2 -b SijN4 + CO + N20 + SiO (13) 

3Si + 2N2 - Sip, (14) 

3SiC + 2N, - S&N4 + 3 C (free) (15) 

For SiCN35 nanopowder, reactions (13) and (14) 
are predominant because this powder is composed 
of a SiC,N,,O, amorphous phase and free silicon. 
The SIC nitriding (15) is also possible,25 but should 
be considered as a minor reaction given that 
amorphous phases and free silicon, less stable than 
crystallised SIC under nitrogen, will be pre- 
ferentially nitrided. This is confirmed by XRD 
patterns of SiCN35 treated under nitrogen where 
silicon nitride appears and free silicon disappears, 
compared to the as-synthesized powder. 

For SiCN29 nanopowder, the heat treatment 
under nitrogen involves a low weight gain indicat- 
ing a slight nitriding. Such a phenomenon is asso- 
ciated with the chemical composition (high S&N4 
content) and the initial structure (well crystallised) 
of the SiCN29 powder. 

According to the a? (or /3) S&N4 content calcu- 
lated from XRD patterns of heat treated powders, 
the nitriding leads to the preferential formation of 
c! phase. This phenomenon has also been reported 
by Giorgi et a1.25 and could be explained by an 
oversaturation in nitrogen coming from the treat- 
ment atmosphere which results in the crystal- 
lization of the less ordered phase (a). Meanwhile, 
the /3 silicon nitride phase, more ordered and 
stable, is preferentially formed during annealing 
under inert atmosphere (He). 

3.5.2 Reactivity of SiCN nanopowders with 
sintering aids 
Whatever the powder, the Q to ,5 Si3N4 transfor- 
mation rate is related to the solutiondiffusion- 
precipitation process which is the second stage of 
liquid phase sintering. 26 Dissolution of SiCN 
nanopowders in the YSiAlON(C) liquid phase is 
faster than that of S&N4 powder because of the 
small size of the SiCN particles. Thus, compared to 
SisN4, the transformation rate is enhanced by the 
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small grain size of SiCN nanopowders [SsET 
around 45 m2g-’ for SiCN nanopowders com- 
pared with 15m2g-i for SisNd] which controls 
the reactivity with the liquid phase during heat 
treatment. 

Moreover, the comparison of the reactivity of 
the two SiCN nanopowders with sintering aids 
indicates that the cx to /? Si3N4 transformation rate 
is increased by the presence of Sic particles. Such a 
phenomenon, also reported for Si3N4/SiC nano- 
composites in previous work,13 indicates that sili- 
con carbide influences the precipitation step: the B 
S&N4 phase (in fact, B SiAlON solid solution, with 
a very low aluminum content) should grow on Sic 
nanoparticles which allow a decrease of the energy 
barrier necessary for the precipitation of /l Si3N4. 

4 Conclusion 

TG/MS study in conjunction with XRD analysis 
has revealed that the thermal behaviour of SiCN 
nanopowders depends both on the nature of the 
gaseous atmosphere, and on the chemical compo- 
sition and structure of the starting powder. 

Under inert atmosphere (He), the results provide 
evidence for a significant decomposition of the 
powders which is the more important as the degree 
of crystallisation and the nitrogen content decrease 
in the SiCN starting nanopowder. In the case of a 
quasi amorphous powder (SiCN35), the heat 
treatment under helium induces the powder crys- 
tallisation and the preferential formation of the 
silicon nitride #? phase. The same treatment of a 
crystallised and Si3N4-rich SiCN nanopowder which 
is free of silicon (SiCN29) leads to a slight increase of 
/? Si3N4 content and the formation of silicon. 

Meanwhile, under reactive atmosphere (NJ, the 
quasi amorphous powder containing a small nitro- 
gen content (SiCN35) is significantly nitrided. This 
nitriding reaction is accompanied by the crystal- 
lisation and the preferential formation of the sili- 
con nitride a! phase. For the crystallised powder 
containing a high nitrogen content (SiCN29), the 
nitriding process is slight. No variation between the 
(zr/p ratio of the nitrogen treated SiCN29 powder 
and that of the starting powder has been observed, 
revealing that the thermal behaviour of such a 
powder is close to that of a silicon nitride powder 
in this temperature range. 

Reactivity with sintering aids (Y203, Al2O3) is 
more important for SiCN nanopowders than for 
Si3N4 UBE powder. The grain size and the chemi- 
cal composition of nanopowders control the a to /I 
Si3N4 phase transformation, that is to say that the 
small grain size and the presence of Sic induce an 
increase of transformation rate. 
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