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Abstract

The effect of the presence of surface strains on the apparent lattice parameters (alp) obtained experimentally for nanocrystalline SiC i

discussed. The alp values were determined for two kinds of powders with an average crystallite size of 11 nm and related sintered samples. Tt
measurements were done in a wide range of the diffractions vector@p=td2 A-1, allowing for evaluation of the internal pressure in the
grains. Based on in situ high-temperature measurements, the thermal expansion coefficient and overall temper&gedae®vraluated.
It is shown that while the thermal expansion coefficient changes very little upon sintering, there is a large difference in the amplitude of the
atomic oscillations between powders and sintered SiC reflected in a difference between respective Debye temperatures. It is concluded th
the overall thermal properties of nanocrystals are determined by two components: thermal properties of the crystallite surface and its interior
The atoms at the surface vibrate much stronger than those in the bulk, and their behavior is strongly affected by the crystallite’s environment
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction some works show that the environment of a nanocrystal has
an effect on the atomic structure of the interior of the grain

Many physical properties of solids are dependent on the [11,12] It is also known that a change in the environment of
particle size[1-4]. The surface energy (the excess energy nanocrystals can induce a phase transformation (observed,
relative to that of the bulk material) depends on the spec- e.g., when replacing methanol with water as the pressure
ifications of both the bulk and the surface structures. The medium in the case of Znfi3]). The effect of the envi-
effect of a very small size on the atomic structure may be ronment is closely related to both chemical and structural
related to the presence of internal pressure in nanograinschanges of the crystallite surface.
[5,6]. The concept of internal pressure can explain changes The powder diffraction technique enables determination
of the lattice parameters with the grain size. The concept of the atomic structure of the nanocrystalline grains and
can also be used to explain the presence of different phaseallows to distinguish between the structure of the grain’s in-
compositions of the crystalline grains of the same material terior and its surfacfl4,15] However, an unambiguous de-
but with different grain size§7—10]. Internal pressure is a  termination of the structure of powders with nanometer-size
kind of an overall property of a given material exerted by grains requires the high-resolution data in a wide diffraction
the surface. Information about the specific atomic structure vector range (above 10-12A). Recently, we determined
of the surface of nanocrystals would be very valuable for the structure of the nanocrystals of SiC, diamond, and GaN
understanding the mechanism of generation of internal pres-with respect to the type of strains at the surface (compres-
sure. Little information on the atomic structure of the sur- sjve or tensile), the profile of the strain field, thickness of
face of nanocrystals is available in the literature, although the surface layer, and a response of the lattice of the grain

interior to the stress exerted by the surface atpbdsl5]
* Corresponding author. In the present paper, we report our first results on thermal
E-mail address: srvit@unipress.waw.pl (S. Ste'makh). effects in the SiC nanocrystals. The aims of our work are
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determination of the thermal expansion coefficient and the mission geommetry using six scintillation counters and sec-
overall temperature parametBt of the crystals. We show  ondary beam monochromators, the wavelength of the beam
that the thermal properties of the nanocrystals can be prop-was 0.05nm. The samples were placed in the capillaries.
erly understood only if one assumes that thermal vibrations

in the grain core are different than those at its surface.
3. Results and discussion

3.1. Lattice parameters of nanocrystalline SC under
ambient conditions

2. Experimental

2.1. Materials
For bulk materials, the term “lattice parameter” has a

Three types of SiC samples were examined: (1) two unique meaning. The situation is different in nanocrys-
as-synthesized powders with the average grain size oftals, which have non-uniform and complex structure. The
11nm, one with the stoichiometric composition (powder inter-atomic distances at the surface and in the grain inte-
I) and the other with 5% excess of carbon (powder 1I); rior are different and, therefore, the corresponding values
(2) the same powders but sintered under high-pressureof the lattice parameters differ. To overcome this problem
and high-temperature conditions (7.7 GPa and 800 and to acquire a method for a quantitative evaluation of the
and (3) SiC nanocomposites made with Zn and Al by a diffraction data, we have recently suggested that instead
high-pressure infiltration method6,17] SiC powders of of determining the poorly (for nanocrystals) defined lattice
the average size of 11 nm were obtained from silane by parameters one could determine quantities which we call
laser-driven synthesi48]. They exhibited a distribution of ~ the “apparent lattice parameters”, alp values, which are
the grain dimensions and, therefore, their properties cannotassociated with individual Bragg reflectiofist,15] Using
be associated with a specific grain size. For evaluation of the experimentally determined alp values and taking into
the grain size distribution, we used an analytical formula account their characteristic dependence on the diffraction
derived with the assumption of a log-normal grain distribu- vectorQ, one can evaluate the lattice parameter of the grain
tion shape using peak widths measured for a single Bragginterior and the strains present at the crystallite surface.
line at 1/5 and 4/5 of its maximurf19]. The distribution The alp values measured for large diffraction vectors ap-
function shows that the dispersion of our powdewise proach the lattice parameter of the bulk crystal. The alp
5.5. No grain growth was observed during fabrication of values measured at low-diffraction vectors, below 4=3 A
samples (I1) and (Ill) and, therefore, we conclude that the are strongly dependent on the structure of the surface of
difference between the samples is basically in the environ- the crystallites. The difference between the alp measured at
ment of the individual SiC crystallites: in a powder, each large and smalQ, A(alp/ag), can be used as a measure of
crystallite is terminated by its free surface; in SiC ceram- the difference between the corresponding inter-atomic dis-
ics, the individual crystallites are in contact with other SiC tances in the interior and at the surface of the nanocrystals.
crystallites; and in nanocomposites the crystallites are in Note that an increase of the alp at the IQwange origi-
contact with Zn or Al. nates from the stresses (here: tensile) present in the surface
shell. In the absence of the strains, the alp would have the
similar values in the entir® range[11,14,15]

Fig. 1 shows a dependence of the apparent lattice param-

In-situ high-temperature X-ray powder diffraction mea- eter on the diffraction vecto® (alp-Q plots) for four dif-
surements were performed at the Swiss-Norwegian Beam-ferent nanocrystalline SiC samples: powders | and Il, and
lines at ESRF, Grenoble in the temperature range of sintered compacts made from these powders under 7.7 GPa
130-920 K. The diffraction data were collected in the trans- at 1800°C. We should note that to calculate &pin Figs. 1

2.2. X-ray diffraction measurements
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Fig. 1. Alp—-Q plots of as-synthesized and sintered (7.7 GPa at 98)®iC powders: (a) pure SiC (l); and (b) SiC (Il) with 5-10% carbon.
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7.7 GPa at 480 and 100CQ and those with Al under 4.5 GPa

10080 at 800°C. There is a clear difference between the alp values
& 1,0020 Alalpra,) determined experimentally for these samples. Because the
(% SIC-Al size of the SiC crystallites is the same for all samples, the
1.0010 SIS 2 (450) different alp values result from different environments of
1,0000 4 . . \‘\1____| _____ == SiC-Zn (1000) individual SiC nanocrystals which determine the structure
0 2 4 6 8 10 12 of the surface and the surface stress.
Q[1/A] In the presence of Al, the internal pressure in SiC is re-

I ot of sintered alline SiC oowder 1l and duced relative to the sintered pure SiC. The difference (in-

1. 2. ntert nanocr ne Si wdaer na nan m- H H H

pogsites n?z;(d?epf?o; t?}is f)oewdea: vf/)i(t:hy;r?(uneder S%OPa Zt 450 an(?"[?)?)% creage) in the ‘f’"p measured for the SiC cgramlcg and the

and with Al (4.5GPa, 806C). AI-SiC composite corresponds to compression of SiC under
the pressure of about 0.3 GPa.

In the presence of Zn, the internal pressure in the SiC crys-
and 2 we usedag determined experimentally (in the same tallites strongly increases. There is a difference between the
experiment) for a microcrystalling-SiC powder. Thus, the  SiC—Zn nanocomposites synthesized below and above the
alp/ap values inFigs. 1 and 2and their deviation from unity ~ melting point (at 480 and 100, respectively). A decrease
refer toB-SiC powder used in the experiment and not to the in the alp values in these composites corresponds to about
perfect SiC crystal lattice. Consequently, the specific values 0.8 GPa in the sample made at 48Dand to 0.4 GPa in that
of alp/ag cannot be used for determination of the absolute obtained at 1000C. This difference is obviously related to
values (i.e. with respect to the perfect SiC crystal lattice) different surface stresses in the SiC grains (linked through
of the stresses present in the surface shell and in the grairthe SiC—Zn grain boundaries) between samples formed at
core (internal pressure) of the examined nanocrystalline SiC480 and 1000C. The bonding between Zn and SiC is much
samples. stronger in the samples made at 10Q0than at 480C, as

To fit the line shapes, we used PeakFit 4.0 for Windows reflected by the measured Vickers hardness of 19 and 7 GPa,
program from SPSS Science. We assumed that the differ-respectively.
ence between peak positions calculated for individual peaks In our earlier studies, which were based on a spherical
using the symmetric pseudo-Voight and split Pearson shapemodel of the SiC nanocrystals, we found that the grain core is
functions is a measure of uncertainty (error bar&ig. 1) under compressive stress while tensile stress is present in the
of the experimental positions of the Bragg lines. As seen in shell. Our evaluation of the diffractograms shows, that the
Fig. 1, the alp values of powder | are slightly larger than thickness of the surface shell in the powder is about 0.7 nm,
those of powder Il in the whol® range. This implies that  while the surface stress is about 5-1(0%b]. Apparently
the internal pressure in sample Il is slightly larger than that the change in the surrounding of the individual nanocrystals
in sample [[5,6]. This difference can be related to an excess leads to a change in both the thickness of the shell and
of carbon in sample Il where carbon deposited on the sur- distribution of the stresses in the grain. The observed changes
face of SiC grains generates an extra internal pressure in theén the internal pressure between the sintered powders and
grain interior. After sintering, the alp values increase for both those in the composites with Zn and Al reflect the overall
samples, however, a much larger increase of the alp valueseffect of changes of the atomic structure and stresses at the
is observed in material Il. This shows that transformation of grain surface with the environment.
free surface of the powders into grain boundaries in the sin-
tered materials changes the surface stresses in such a mann&r2. Thermal expansion of nanocrystalline SC
that the internal pressure in the grains interior is reduced;
the estimated reduction in the internal pressure in sample Il In general, for a crystalline material the lattice expan-
is about 0.4 GPa (note: the standard deviation marked withsion can be determined from measured changes of any
error bars inFig. 1is between 0.0002 and 0.0004, which inter-planar spacing calculated from Bragg reflections. The
corresponds to 0.1-0.3 GPa as determined from the latticeproblem, which we study in this work, is “the effect of the
compression of SiC under hydrostatic conditi¢28]). The environment on the thermal properties of SiC nanocrystals”.
difference in the alp valuesi(alp/ag), between low- and  In our analysis, we refer to the model of the nanocrystal
largeQ values is smaller for sintered than for powder sam- which is composed of the grain core and the surface shell
ples Fig. ). The above confirms to a well-known fact that and where the grain core has the perfect single crystal
sintering is facilitated (and driven) by a reduction in inter- structure which is embedded in the surface shell. In such
face stresses (surface energy). a case, the lattice parameter does not have a unique value

Fig. 2shows the alpQ plot for sintered powder Il and the  and, therefore, should be replaced by the alp quantities.
similar plots for SiC in nanocomposites made from the same Therefore, we base our analysis on the alp concept, i.e.
powder and Zn or Al. The content of the metals was20  we determine the lattice expansion coefficients for specific
2vol.%. The pure SiC powder was sintered under 7.7 GPa atreflections (we associate the coefficients with the corre-
1800°C, the nanocomposites with Zn were obtained under sponding diffraction vecto) and relate the results to the
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core-shell model of the nanocrystal. In view of this model, 10060, - = SiC(Il)-Zn (1000)

thermal expansion has two components: expansion of the I ggg('s'i)r;tzef: e<380> 5.9

grain interior and that of the surface-related structure. The 1,0050 1

alp values measured at lar@evalues reflect approximately 110040: I
the lattice parameter of the grain interior, those measured & 1 bk ]
at smallQ’'s provide information on the properties of the §_ 1,00804 147

grain surface. A comparison of changes of the alp observed ® 1 0620 1

for low- and largeQ values during heating can provide ] 113

some information on difference in the thermal expansion 1,0010 4 i

coefficient between the grain cores and the grain surfaces. 1 M7 & e

Any difference between the samples composed of the same %% 0 s __450_"_6—60 o0 200
SIiC crystallites in different environments can then be inter- T K]

preted as originating from different thermal properties of
the surfaces of the samples. Fig. 4. Lattice expansion of sintered SiC Il powder and of the same powder
We collected diffraction patterns of SiC samples at four in a nanocomposite with Zn sintered under 8 GPa at 480 and “IR00
different temperatures (130, 300, 640, and 920 K) and calcu-
lated the alp values for diffraction vectors of up to 12%A nificantly larger than that for (11 1) reflection for the sin-
The background intensity, including the diffuse scattering tered sample. This difference means that, unlike in the loose
from the capillary was substracted from the experimental powder, the interior of SiC crystals shows larger thermal
patterns.Fig. 3 shows the alp values determined experi- expansion than the surface.
mentally for the loose and sintered powder Il for three tem- A very strong effect of the surface on the lattice expansion
perature intervals: 130—-300 K, 300-640 K; and 640-920K. in SiC grains was observed in SiC—Zn nanocomposites. In
Thermal expansion at low-temperature range is very small Fig. 4, we show the lattice expansion measured only up to
and falls within the accuracy of the present experiments. 640 K; at higher temperatures a complex multiphase material
Thermal expansion coefficients for higher temperature in- forms, apparently as a result of inter-diffusion between Zn
tervals were calculated for three different reflections: (11 1), and SiC. SiC—Zn grain boundaries in the composites sintered
(113),and (117)Q= 2.4,4.8,and 10.3 AL, respectively). at 480 and 1000C differ and, thus, their behavior differs as
For temperature ranges 300-640K and 640-920K, thewell (c.f. Fig. 2).
lattice expansion determined from the I&w¢1 1 1) reflec- The thermal expansion coefficient of SiC calculated for
tion is slightly larger than that for larg@-reflection (117) the (111) reflection changes from 2: 1076 for the
for the powder sample. The small difference implies that the nanocomposite sample sintered at 480to 5.9 x 1076 in
surface expands only slightly more than the core. the sample obtained at 1000. These values correspond
At the lower temperature range (300—640 K), the thermal to 50 and 150%, respectively, of the thermal expansion of
expansion of the sintered and powder samples is the samepure the SiC ceramicst(= 4.25 x 107°).
At higher temperatures (640-920K), the lattice expansion There is no thermal expansion detected for lagyeflec-
coefficients calculated from the larg@-alp values are sig-  tion (1 17) for either of the composites. That means that the
expansion of the interior of the grains is negligible.
The lattice expansion reflects the presence of an anhar-
SiC (1) " Aa monic component of the thermal vibrations and, thus, the
1,0060- o powder *CaAT extent of the expansion reflects a degree of deviation of this
_ * sintered 8 4.8 x10° component from harmonicity. A very large expansion cal-
1,00501 culated from (1 1 1) reflection for SiC in Zn—-SiC composite
1,0040 ] sintered at 1000C indicates the presence of the very strong
4 hkl anharmonic component of vibrations of the surface-related
100301 atoms. In the material sintered at 48D, this component is
1,0020. very small, less than that in the pure SiC sample. No changes
with temperature of the alp values calculated for the (117)
reflection (largeQ) means that the anharmonic component
i , , , of thermal vibrations in the grain interior is negligibly small.
0 200 400 600 800 1000 In our experiments, we measure changes of the alp val-
TIK] ues which may be caused by different factors. One of them
is an internal pressure in the grain interidétig. 2) which

alp/a,

1,00104 1734

1,0000.

F_|g. 3. Lattice expanglon of powder and sm_tered SI(.? I_I measu_red for three changes with an increase in temperature. The interior of SiC
different Bragg reflexions. Thermal expansion coefficientsre given for

two temperature ranges: 300-640K and 640-920K. The numbers at ther.]anocry‘c’t"’lls eXpanqS due to thermal vibrations. At the same
curves give corresponding thermal expansion coefficients in the units of time, the compressive stress from the surface (thus, com-
1075, pression of the grain interior) increases compensating the
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vibrational expansion. As a result, the SiC—Zn composite (sin@/?»)z
made at 480C expands less than that sintered at 1000

when measured from the low alp values, but may show no 0,0 0,04 0,16 0,36 0,64 1,0
lattice expansion at all if determined from the laQealp e ' ' '
values because the internal pressure in the sample sintered SiC (a) RT
at 1000°C is two times larger than in that sintered at 480 A =0.500248 A

(Fig. 2). ]

3.3. Thermal vibrations: overall thermal parameter By

220

intensity

It is a common practice to describe isotropic thermal vi- =}
brations using an overall temperature param&ger[21]. -
This parameter is a quantity proportional to the mean square B
of the atomic displacement?); Bt = 8 72(u?). !

In general, one should take into account that the ther- 0 2
mal parameteB calculated from a diffraction experiment Q [A'1]
cannot be attributed to the thermal vibratioBs ) alone: it
also includes a contribution from the static lattice distortions Fig- 5. Diffraction patter of SiC Il powder measured at room tempera-
(Bs) existing in the individual crystalline particle8 & By _ture. The double—he_aded arrows show angular ranges for which integral

intensities were derived.
+ Bs). Bs may be expected to be less temperature depen-

dent thanBt and in principle, the contribution of the static . ] ] .
disorderBs can be subtracted from the experimental data Ve obtained Wilson plots for SiC powders and ceramics

by analyzing its temperature dependence. This problem hagméasured at four different temperatures of 130, 300, 640,
been examined in detail for powders of nanocrystalline gold @nd 920 K shown iffrigs. 6 and 7The measured experimen-
[22—24] where the contribution of the static disorder was tal integral intensities over selected ranges of the scattering
evaluated from the low-temperature measurements. For ourd"9!€lexpeA26i) (Fig. ) were divided by the integral in-
data elaboration, we assumed that the contribution from thetensities calculated for the same ranges of the theoretical
static disorder to the experimentally determiridis very diffraction pattern of the cubic SiQdycy). The theoretical
little, therefor we takeB = Br. patterns were calculated using DBWS-9807 Rietveld pro-
In a diffraction experiment, due to thermal vibrations, 9ram and the Debye formula for models of spherical SiC

which increase the effective volume of the atoms, a decrease
in Bragg intensities with an increase in the diffraction an-

, , e 130
gle 6 is observed. A change of the scattering factor for an ) 300
individual atom can be described using formula (1): SiC (1) - a- 640
sin® -=- 920
8= fio eXD[Bj <T>] (1) powder
1.0 B\ .. B
wheref; 4 is the scattering amplitude of atom j in a static ~ ¢ T
lattice, andy; is this amplitude corrected for thermal vibra- g
tions. The scattering amplitude decreases with an increase < g — 0-24(2)
in the diffraction vector both for atomic and structural scat- g DGR g‘%
tering amplitudes. NS, 046
The By values can be determined experimentally from a 00 02 04 06 08 10
dependence of the relative intensity of Bragg reflections on o (s.inG)/X.)? o
the scattering angle using the formula (2) given by Wilson
[21-24] 1.0 ceramics
Iexper) sin? Or =
lo = 2log, K — 2Bt 2 <
% <Icalcul % e ( ) \g
whereK is the scaling factor associated with the structure 5’
factor Fo(hkl)|:
Texperh k1) = K?|Fy(hkD? - (1Fo(hkDI? = Icaicu)  (3) 00 02 04 06 08 1.0

According to Wilson, logarithm of the relative Bragg in- (sinG/2)

tensities plotted against ($if,/1?) yields a straight line with Fig. 6. Experimental Wilson plots of powder and sintered SiC Il measured
the slope of Br. at four different temperatures.
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SiC powder SiC ceramics
300 K
B,
|
640 K 0.37(3) (Il
0.50(5) (I)
920 K 040 (Il)  10) 027 (Il)
0.70 ]
R (n
N
§ \ 046 (Il 022 (I)
h ———————— 080 () - % 020 (ll)
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
(Sin®/A)? (sin®/A)°

Fig. 7. Experimental Wilson plots of powders and sintered samples | and Il measured at different temperatures.

nanograins with 10 nm in diameter. Both methods gave the by a factor of nearly two. Th8t values of the powders are

same results. approximately 1.5 times larger in comparison to the sin-
The experimental plots ifrigs. 6 and 7exhibit a maxi- tered samples. This shows that sintering suppresses thermal

mum in the middle part of the (sitir)? plot instead of a  vibrations in the lattice.

linear dependence of the relative intensities ondsi)? as Fig. 7 shows Wilson-type plots of the samples fabricated

predicted by Wilsorj21—-24] All samples show similar fea-  from powders | and Il. There is a distinct difference between
tures. A deviation of our plots from straight line means that the powders: th&t values of powder | are nearly two times
there is an extra intensity, additional to Bragg reflections, in larger than those of powder Il. This shows that in the latter,
the Q range of 4-10 A1, with a maximum at about 6 AL, the thermal vibrations are strongly suppressed, probably by
This extra intensity comes probably from thermal diffuse carbon deposited on the grain surfaces. While thermal vi-
scattering. We have to take into account also the fact that: (a)brations are stronger in powder |, in the sintered sample |
the lattice contains two kinds of atoms, Si and C which vi- they are smaller than in the corresponding sample II.
brate differently; and (b) that nanocrystals have a core-shell Referring to the core-shell model of the nanocrystal, it
geometry and thus, two differel® values are associated was suggested that the temperature paranigterould be
with such dual structure. Obviously the present data cannotapproximated by a sum of two corresponding components
be used for determination of a specific value of one, overall [22]:
temperature factoBr; we use such factor to quantify dif-
ferences between samples. We made a rough evaluation of T = PBeore + (1= p) Bshel “)
the Bt values calculated from the slope of the straight lines  Relative amount of the atoms lying on the surface (shell)
drawn between the first and the last point of the pléig, 6. related to the total number of atoms can be calculated from
The calculated values are close to the isotropic atddtic  a simple formulap = 3Ar/r, wherer is the radius of the
values determined for bulk and single crystalline SiC crys- grain andAr is the thickness of the surface shell. Our sam-
tals given in[25] (Bsj = 0.2A? andBc = 0.13 4%). ples have the average grain size of 11 nm. Assuming that the
The Wilson-type plots irFig. 6 show that for the pow-  thickness of the shell is 0.5nm, the surface atoms contain
ders and the sintered samples the lower temperature plot27% of all the atoms in the grain, and 55% if the shell is
are always above those obtained at higher temperatures1-nm thick. Thus, itis no surprise that the surface atoms have
This reflects the fact that with an increase in temperature a very strong, even dominant effect on the “average ther-
the thermal vibrations become more intense. Bhevalues mal properties” of nanocrystals. Although using the present
calculated from the plot increase between 130 and 920K data, we are unable to determine the ®alalues, we are



144 S Sel’'makh et al./Journal of Alloys and Compounds 382 (2004) 138-145

certain that the differences between the oveBallvalues tals,6k is a property of the crystal lattice, for nanocrystals it
of the SiC samples shown iRigs. 6 and 7are related to is an overall parameter of the material, i.e. both the core and
the different free surface structures of the powders and to surface-shell atoms contribute to the measutedlt was
transformation of the free surfaces into the grain boundaries suggested that one can distinguish between and determine

upon the sintering. the g values of the grain core and surfd@8]. Our present
data are only approximate and we do not attempt to calcu-
3.4. Evaluation of the Debye temperature late and interprete the specific valueBgfanddg. Without

knowing these specific values, we can only state that the

The slope of the scattering amplitude with an increase in presence of the free surface atoms leads to softening of the
the diffraction vector may be expected to decrease with anoverall thermal vibrations. The softening is very significant
increase in temperature. For a bulk crystal, the temperaturefor powders with a large free surface area and diminishes or
dependence dr is predicted by the Debye approximation. disappears at all after sintering, apparently due to transfor-
For very small crystallites, in which long-wavelength acous- mation of the free surface into the grain boundaries.
tic phonons may not exist, one can replace the Debye for-
mula by the Einstein approximation. This is equivalent to the
assumption that each atom oscillates independently with a
certain frequencye. In diffraction experiment, one can de-
termine the characteristic temperatégg called the Debye

4. Summary

. Under ambient conditions, the effect of the surface is
temperature, using the dependencepbn temperature (5) demonstrated by a difference in the lattice parameter at the
642 1 1 surface relative to that in the interior of nanocrystals deter-
= ke Oe {[exp(eE/I) - 1] + 5} (%) mined by the interngl pressure in the g.rain'core'. We showed
that thermal expansion and thermal vibrations in nanocrys-
wherem, T, h andkg are the atomic mass, the temperature, talline SiC are dependent on the processing conditions of the
the Planck’s constant and the Bolzmann constant, respec-material. The observed differences between our samples can
tively, andeg is the characteristic temperatuég, = hve/ks. be understood and interpreted considering that the structure
The various values of the Debye temperature between 820of the surface is strongly influenced by the environment of
and 1430K are given for SiC in the literatuf2s]. Fig. 8 the crystallites. The thermal properties of the surface have
shows the experimental temperature dependence ddthe a very strong effect on the overall thermal properties of the
values determined for the powder and the sintered samplesmaterials. The effect of the surface on the thermal expansion
(Figs. 6 and Y. The figures also show the theoretical plots of SiC is rather small for the pure powders and the sintered
calculated fromEqg. (5) for several temperatures using the SiC samples. It becomes significant when the metal atoms

Bt

average atomic mass of 20 (€12 and Si= 28). Fig. 8 surround the SiC crystallites. A very strong effect of the sur-
shows a very large difference between figevalues for the  face on the overall thermal parameter of SiC samples is also
powders and the sintered samples: observed. TheBt values of the powders and the sintered

samples are different by a factor of 2.5 at room temperature,

respectively, 0.5 and 0.22 for sample | and the difference

increases to a factor 4 at 920 K. Different thermal proper-

ties of the examined samples are reflected by much larger

characteristic temperaturég of powders than those of the
The experimental temperaturés represent average val-  sintered samples.

ues, which characterize the sample volume. For single crys-

(i) 6 for powder | (pure SiC) is 800K as compared to
1000K for powder IlI.

(i) O for ceramics | and Il are very similar, about 1500 K,
which is much larger than those for powders.

1.0 7 theoretical (calculated) — — — - _ 800K Acknow|edgement3
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