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Abstract

The formation of thin sialon s face lavers on hqurd
phase smtered stheon carbide containmg 41,04 and
Ya0y durmg post hot rsostatie pressimg e N,
atmosphere was exanuned At a N, pressure of
200 M Pa mndtiphase reaction lavers were growmg
with parabole kmctes ar 1750 C The surfuce
reaction laver s composed of VS, ALO Ny
(2=16-33) as the maypr phase and additional
oxvmitride phases Based on an mdentation method an
appuarent fractive  toughness was measurced  from
whieh vesedual stresses e the surface haver were
dericed  Larpe comprossiee stresses up to several
hundred M Pavere estunated i eery thin stalon layvers
(dy A0 which have a potential for protection
agamst unpact wear and wltunate farlire of  S1C
components even of compley shape,

Es wurde die Bilding con dunnen Swalonsclucliven auf
der Oberflache  von fussigphasengesmteriem
Stlizumiearbad, das A1LO und Y,0 enthuelt, wali
rend nachirdaglichem Heifipressen m N - dtmosphare
untersucht  Ber einent Ny, Druck von 200 M Pa
hildeten sich mehrphasige Reak nonssciuchien, deren
Amensches Verlialten ber 1750 C parabolisch war
D Oberfluchenreak nonsselnehe  besteht heaupt
sachhiehaus 1 S, o ALO NG, (2=16-31),
asatlich enthalt sie Oxunnid - Basierend anf der
Ewdruchmethode wurde o Ripwaderstand gemessen,
von dem Restspanmmgen m der Oberflachenselneht
abgelewer wurden Grofie: Druch spamnmgen s -u
melveren lumdert MPa wvurden i sehr dunnen
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Siclonsclucliien (dy - 10 ) abgeschatzt - Diese
Scluchten bieren cme Maghehker des Sehut:es

gegenuber Stofieerseldei und  Versagen von SiC

Keranhen sogar bet komplexen Formen

Onaetudie la formation de couches nunces de sialon g
la s face de carbure de sthewnn (contenant 41,0 et
Yo Oy frittés avee une phase liquide ) lors de pressages
a chaud sous atmosphére de N, A une pression de
200 M Pu de NS des couches mduphasées cros
sent avec une cmctgie parabolgue a 1750 C,
La couche formee en surface st composée de
oSy, O Ny o= L6-3 ) en maorité, et
de phases  ovvimtnnes A partie d'expeériences
d'indentation, nous avons mesure la résistance
apparente a la fracture d'on ont é1é deéduites les
contramies voswduelles dany la couche de surface Ces
estinations condinsent d des contramites nupor tantes,
atteignant  quelyues centames de N Pa duns  les
couches de sialon trés fines (dy < 10 um ), cect
powrrart perinettre la protection de composants en
SIC, méme s'tls sont de forme comphquée, contre
Puswre due auy couches et la rupture

1 Introduction

Nitndation of dense SiC ceramic components (o
form lavered SiC/S1,N,; composite materials may
offer an attractive way to improve surface-sensitive
mechanical properties of complex-shaped SiC
components  Thus, surface strengthening ol SiC
ceramics was obtained by annealing in an NH,
atmosphere of ambient pressure at temperatures of
400-900"C" orin a N, atmosphere of high pressure
at temperatures above 1700"C ? Thermodynamic

Jowrnal of the Evropean Ceramie Soctery 0955 22199474700 . 1994 Elsevier Science Limited, England Printed in

OGreat Britamn



160 P Gred et al.

evaluation of the phase stabilities in Si,N,/SiC
composite matenals suggests that SiC will become
unstable in a N, atmosphere of high pressure and
should be mitrided according to*

3 S1IC(8) + 2N (g) = f-S1,Ny(s) + 2Cts) - (1)

AL 1T750'C the equilibrium N, pressure [or reaction
(1) 1s approximately 3-8 MPa > so that under usual
hot-isostatic pressing conditions with temperatures
above 1750° C and gas pressure above [0 MPa Si,N,
should form on the surfuce of SiIC Reaction (1)
seems Lo be facilituled 1n the presence ol hquid
phases in the grain boundaries ol SiIC' For example.
post-hot sostatic pressing ol dense SiC doped with
Iwits ALO, at I8S0°C with a N, pressure of
200 MPa resulted in the formation of S1,\N, suilace
layers with a thickness ranging [rom 5 to 15 um.” A
substantial increase of bending strength from
660 MPu ol the S1C up to more than 1000 MPua of the
SIC/SHN, layer composite was observed. which was
attributed to the generation of thermally induced
compressive stresses’” ¥ in the Si,N; surface layer
during coohing from nitndation temperature, While
residual stresses in surface films can cause substrate
lracture and component falure,” surface toughen
ing due Lo compressive stresses 18 expected o be
protective against component farlure from inci
dental contacts with particulate matters ' The
magnitude ol the nusAt stresses primarily depends
on the cooling conditions and the elastic and thermal
properties of the surlface laver and the substrate
matenial.'" Thus, investigation of formation and
growth kinetics of the StyN, surface layer appears to
be a fundamental requirement in order to optimize
m-situ surface toughenmg assoctated with the
formation of thin nitride layers on the surluce of SiC’
compacts even ol complex geomeltry

It 15 the aim of the present work to analyze the
kineties of nitride layer growth on the surface of hot-
pressed ¥-81C doped with ALLO, and Y,0,. Speci-
mens with different surface laver thickness were
prepated by variation ol the post hot 1sostatic
pressing conditions Elemental distribution near the
specimen surfuce was measured by EDX and phase
composition by XRD The magnitude of residual
stresses tn the nitrided surface layers was derived by
means of an indentation method.

2 Experimental Procedure

Powder mixtures of submicron 2-SiC (FCP 06, Sika,
Arendal Smeltwerk as, Eydenhavn, Norway)
containing 6:85wte Y,0, (HC Starck, Berlin,
Germany) and S 15wt ALO, (CT 8000 SG,
Alcoa, Pittsburgh, PA, USA) were prepared by
attriton milling 1in ethanol for 4h. The three

Table 1. Characteristics ol $iC powder

Chemical composition (weight %)

Crystalhne SiC 97 8 Fe 00l
Free S10, 14 Al 0005
Free Si 0o Ti 0ol
Free 05 Cu 0002
(8] (1] F 002

Mean gprain size (sedigraph) 06 pm
Specihe surlace urea (BET) 1Sm'jg

powders are charactetized by a low chemical
impurity content and high specific surfuce areas of
[Sm*/g, 17m?/g, and [5m?/g, respectively, Table |.
The molar composiion of the oxidic sintering
additives corresponds to 3Y,0, S ALLO, inorder to
allow precipitation of crystalline Y,AILO,, (YAG)
rom the intergranular iquid phase upon cooling *?
Alter drying at 110°C for 2d4h at p 2 10'Pa the
powder mixture was filled into BN coated graphite
dies and hot-pressed to cylindrical pellets with a
diameter of 35 mm and a thickness ol 6 mm The hot-
pressing temperature of 1750"C was kept constant
for 30min and the atmosphere was N, at -1 MPa
Alter hol-pressing densily was measured according
to the Archimedian principle Fractional density was
higher than 97% of theoretical density, indicating
thut no open porosity remained.

The hot-pressed specimens were diumond ground
and polished to 1pm to assure a reproducible
surface finish. Specimens were post hot isostatically
pressed first in Ar to increase fractional density to
99", and subsequently in N, atmosphere to form the
reaction layer N, pressures of 8 MPa, S50 MPa and
200MPa and temperatures ol 1600°C, 1750'C and
1900 " were chosen The reaction temperature was
kept constant for 30min, 60min and 120 min,
1espectively From the post-hot ssostatically pressed
pellets specimens were prepared for microscopic (SEM
and LM) measutement of the nitnide layer thickness
according to standard procedures. In addition to the
optical analysis mitride layer thickness was deter-
mined [rom elemental point analysis (S« 20 m)
data using EDX with an ultrathin Be window.
Crystalline phase composition of the reaction layer
was analyzed by X-ray diffraction using mono-
chromated Cu-K, radiation The composition of the
¢ stalon sohd solution phase was determined from
lattice constant measurements'? using the (100),
(L10), (200), (300), (002) und (410) peaks

Residual stresses that develop in the surface layer
upon cooling were determined by measuring the
apparent critical stress intensity factor at the surface
ol nitrided specimens using the indentation techni-
que developed by Evans & Charles.'® A controlled
crack pattern was introduced into the uncoated and
the coated (surlace nitrided) specimens by means of
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a Vickers indenter Assuming that the coating layer
nfluences the indentation pattern by virtue of ity
stress state but not by 1ls [racture properties the
residual stress in o surface layer parallel to the [ree
surface, @, 18 upproximated by'¢!"®

I

0,y —— (K" -

At
Qg d, '

where K718 the critical stress intensity factor for the
uncoated, stress Iree SIComaterial and K* s the
apparent toughness ol the SiC coated with a thin
nitride laver ol thickness o, ) 1s o geometncal
constant which tor small surface cracks of half
penny shape attains 1:129+02 ' K% and A* were
denived ltom the radn of the surloce cracks, o
produced by an andentation load, £ on the
sutfuce of the uncoated and coated specimens,
tespectively '

K=RP '’ (%

where R s a dimensionless field intensity parameter
which 1s given as a function of elustic modulus, E,
and hardness, H'®

R=(0016+0004E H)Y "

For SIC. F=430GPa and H = 26GPa so that
R =0065+ 0016 Indentations were made using
Vickers diumond pyranud at loads ol 30, S0 and
100N and only well-developed radial crack patterns
were taken mto account (re. ¢ - 25« where 18 the
hall dingonal ol the contuct zone (hardness))
Indentations were made in air with a load hold of
[0s and crack lengths were measured 2 min after
unloading

(4)

3 Results and Discussion

.1 Nitride layer composition

Thickness and phase composition ol the nitride
sutface layers generated under various pressure,
temperature and time conditions are summarized in
Tuable 2 While n the hot pressed SiC material

16|

Y0, TN

YNALN,

> AlN,

Sialon

15R ¢ |
12H .
2R |
2R L

ritride layer
romposilion

YNAIN,

Fig 1 Junceke proism ol the Y-Si- AL O-N wysienm and part ol

the compowitional plane Y (St Al N, O with the phase

relations at 1750 C 87 Sla and the (entative location ol the
mtnde layer composition (see fext)

Y ALO,, wus found as the only secondury cristal-
line phase located in the gram boundaries,
muluphase microstructure 1s formed 1n the nitride
reaction lavers f1-St,N, solid solution (/" sialon) 1s
the major phase formed by substitution ol $1* * and
N*" by Al'and O~ i the 5-Si,N, lattice ' From
the latuce constants a,, and ¢, the compositional
parameter 2 ff' Si, - ALO N, - was determined
as 2 3 1 6-3 3! The solid solution composition was
found to vary with layer thickness o, from 2 = 3 Yt
d, = 2pm(No I)toanalmostconstant composition
withz = ['6-[-Ratd, = 11-23 um (Nos 3-7), Table 2.

Incorporation of Y** into the sihicon nitride
lattice stubihizes x S1 N, solid solution (7'-Sialon, ¥’
Y S Al e mOuNyy o with v =033-067,
m = 1= and n = 0-25)"" which can exist in equilib-
tium with f stalon i the SN, rich part of the
quinary Si-Y-Al-O-N system " Figure | repres
ents a section of the three dimensional Jaenecke
prism (S1,N,-AIN-A[,0,-S10,-Y,0,-YN) with

Table 2. Thickness and phase composition ol mitnide surlace lavers lormed at various post hol
Boslalie pressing condilions,

Number Reaction comdttions

TicC) Py tMPu) Ll
| | 600 200 |
J | 750 K |

| 750 S0 |
4 | 790 X (4
h | 750 00 |
[ 1 750 200 N
7 1 900 200 |

TN Plurse composition

(/" Mumor phuses
20409 33 YAG
W40 31 YAG I2H
12+ | & ¢, YAG I2H
I+ 3 | 8 Y AQ
I+ [7 Y ,81,0
Hth 17 ' AIN
3246 ¢, AIN

A ¢ Solid solution phases of SENG (see Texl) YAG, YL ALO, 12H SIALO N,
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the major condensed phase relations 1n the silicon
nitride rich part of the %'-sialon plane at 1750 C **
The tentative location ol the nitride layer compo-
sition as derived from the results of XRD analysis 1s
shown as a shaded area. 12H, ISR, 21 R and 27R
are St and O containing polytypes ol AIN** which
form various multiphase equilibria with the SiyN,
sohd solution phuases and an additional oxynitride
hquid phase L. Y,S1,0, crystalhzes from an Y-
containing oxynitnide hquid phase **

Figure 2 shows a SEM micrograph ol the sialon
layer which was formed after 2hat 1750 Canda N,
pressure ol 200 MPa (No. 6) The elongated f' stalon
crystals (dark) have preferentially grown with their
colummnar axis perpendicular to the surface and the
Y-containing secondary phases (bright) are located

at the grain boundanes Preferential onentation of
the f'-sialon phase due to anisotropie growth of

hexagonal crystals in [001] has also been confirmed
by X ray analysis which revealed a pronounced
increase ol (002)/(hk0) ntensity ratios at high
reaction layer thickness. Measurements of the
elemental distribution of specimen No. 4 nitrided (or
30min at the same temperature and pressure are
given in Fig. 3 The formation of the nitride laver is
confirmed by a high N concentration which sud-
denly drops beyond approximately [0-15 ym. This

surface
I

Fig. 2. SEM microgruph ol the sialon surlace layer tormed alter
Jhat 1750 ¢ with a nitropen pressure ol 200 MPa (No &)

sialon layer : SiC

al
80
60
Si
t.o—\
.\%ﬁ‘:l
lo— "
2 2 Y\Q\o_
P B e S el
s
2 [} b}
5

surface distance {um)

Fig. ). Element distnibution in the SiConitnded at 1750°C for
Wnun with a nitrogen pressure of 2000 MPa (No 4) as a function
ol surlaee distance measured by EDX. (a) Cations (b) anmons

(b)

Fig. 4. SEM micrographs ol mitnide layers lormed at 1750°¢C
witha nitrogen pressure of 200 MPa for (2) 30 muin (No J)and (h)
120 min (6)
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comncides well with the optically measured thick ness
ol the reaction layver A clear tendency of increasing
Aland O concentration near the outer layer surface

can be seen, which s attributed to the dissolution of

these elements in the /I sialon solid solution phase
Calculation of heterogeneous phase equilibria in the
SIAION system have shown the high stabihty of [
stalon with - x4 under similar temperature and
pressure conditions 7 Assunming all alumima Irom
the S1C material to be dissolved m " siafon only
value ol 22026 would be possible, Thus, an
increase of substitution level - the fF'-sialon phase
requites diffusion ol Al and O from the bulk into the
growing reaction layer

In contrast to the bulk, only traces of C could be
lound m the nitride laver At the nitride/carbide
laver, however, o pronounced C peak indicates an
enrichment ol C ahead of the growth [ront where o
zone ol high porosity was observed, Fig 4 While in
the oxygen free Si N C system StyN s i equilib
rium with SiCand solid C at the mterlace boundary,
in the oxide containing system SiI-N-C-0 sohd
SHNLO may be i equilibiium with SiCand SiyN .
whereas gaseous CO and S10 are major constituents
ol the gaseous phase ' Thermodynanuc caleulations
m the system St ALY N O have shown similar
relationships, with the exception ol i stulon being,
the stable phase mstead of f S1,N, " Thus, the high
potosity found al the nitnide carbide interface 1s to
be attributed to the formation ol gaseous reaction
producis, suggesting

8-
(6 — S+ _.AI_.O,+‘ ]N_.—>

()

| hJ

-3 :
S, - ALO N, . +[ 5 ](-'+;(_'(_) (5)

as the domunating reaction and additonal form-
atton ol Y contamimg ¢ sialon and AIN polviypes
The mitride reaction layer acts as barrier layer lor
carbon which explams the very low carbon content
found in the reaction layer and the enrichment ol €
in the porous miterlace laver in front of the reaction
laver, Fip 3

3.2 Nitride layer thickness

Thickness ol the mitrided surlace layer was lound to
vary strongly with temperature and time ol post-hot
sostatic pressing, whereas at the high N, pressuies
the laver thickness remains almost unaflected by
change of pressure, Tuble 2 As can be seen mn Fig 4
mean nittide layer thick ness incieased lrom approxi
mately [1pm after 30min to 23 um after 120min
post-hot sostatic pressing at 200 MPa and 1750°C
Figure 5 shows time dependence ol the nitride laver
thickness at a N, pressure of 200MPa at different
temperatures The duta at [750'C can be fitted by o

— 40 1900°C
g
< /
a /
w - " °
o 30 / 1750°t
£ /
£ /
[ /
:',‘. 20 [~ /
o /
° /
< /
c 10
/
// _ . 1600°
U=z " ’?_ l
0 1 2

tme v§ Vh)

Fig. 5. Growih kineties ol nitnide surlace layer at a constani
nitrogen pressure ol 200 MPa

inear relation between layer thickness o, and square

oot ol time N

dy =m0t (6)

From the parabohc rate equation a growth mechan

ism controlled by diffusion through the nitride
reaction layer can be concluded which obeys Fiek’s
diffusion law * 7 In spite ol the lack ol rehable
diffuston data for sialon phases data for diffusivities
ol metals and C or Nn a variety of ceramie carbides
and nitnides”® suggest that Stor Al diffusivity should
be significantly slower compured to N or O,
tespectively. Henee, growth rate ol the mitride laver
15 hikely to be governed by the inward diffusion ol
nittogen rom the outer sohd/gas interlace to the
mner nitnde/carbide interface The diffusion coeth

cients for volume (bulk) diffusion ol nitrogen
SN, at normal pressure are DY =14 -

0" em*s, S7 00 Mem' s and 14

O™ em® s Tor temperatutes of 1600 C, 1750 ¢
and 1900 C. respectively.”” For the rate constant
y (32D, values of 109« 107" emis. 625

[0 " em? s and 28 « 107%¢m?s were caleulated
ltom eqn (6} From the temperature depen

dence of the rate constant ¥ (=, exp(—/RT))
an apparent activation energy of 630kJ/mol was
derived ftom an Arrhenius relation. Thisis substant

ally lower compared to 780kJ/mol for lathce
diffusion ol mitrogen in 8 S1,N, 7 Neglecting the
infAuence of the pressure on the diffusivity due (o the
neghgible contribution of excessive volume on the
activation energy term n this system' lattice
diffusion of nitrogen cannot explain the growth
kinetics of the nitride layer  Accelerated material
transport via the gramn boundaries, however, results
i sigmAcantly higher growth rates For the ratio of
grain boundary to volume (lattice) diffusion coeffi
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crents, D, /D, ratio of 10 is a reasonable lower
boundary for a variety of polycrystalline nitrides *!
Thus, for??

oD,
D,xD ||+~ —“') 7
ell \( + (’ [)‘ ( ’
an effective diffusion coefficient D, 2 (10°-10%) =
D, results for reasonable values of gram boundary
width & = I-10nm and grain size 6 = [-10m, which
15 In the range ol the experimentally observed values
for v

3.3 Residual surface layer stresses

Figure 6 shows the indentation patterns of the
uncoated and the surface nitrided S1€C (No 4) In
contrast o the well-developed crack pattern on the
surface of the uncoated SIC, no indentation cracks
can be seen on the surfuce of the nitrided S1€C sample,
even though dark-field imaging light microscopy
reveals identation cracks of significantly reduced
lengths  Figure 7 shows the apparent fracture

toughness K'Y versus layer thickness d, as dertved
from Vickers indentation measurements While the
material s

uncoated  SiIC characterized by

(h)

Fig. 6. Light opncal micrographs of Vickers indentations
(SON) on the surface of (a) uncoated und (b) nitnded SIC
spectmen No 4

[ EEREEEE Taa.- S( -substrale - -

apparent fracture foughness K- (MPa/m }
£~
T T C
——"

0‘-‘ 1 I L 4L 1 I
0 10 20 0

stalon layer thickness d; {(um)

Fig. 7. Appurent (racture toughness A* measured by indent
anon of the surface nitnided specimens

K" =234+06MPa V"’m, apparent [racture tough-
ness K¥ attains significantly higher values lor all
specimens coated with sialon layers, suggesting the
presence of residual stresses ' Apparent toughness
lell rapidly with increasing layer thickness beneath
the surface from A* =5 MPuV(/m atd, =2pumto a
steady value close to IMPa/m at d, + 10um. A
similar dependence of apparent [racture toughness
on the distance from the surface was observed in
surlace-toughened sialon ceramics where the sur-
faces were grit blasted with high velocity AlLQ,
particles ' The residual stresses derived rom A*
measurements are given i Fig. 8. Although absolute
values ol the expenimentally derived stresses may
significantly deviate from the real stress state, due to
ideahized assumptions for stress/stram distribution
and crack pattern development in the layer and at
the layer/substrate boundary,'” the relative stress
variation indicates decreasing residual layer stresses
with increasing thickness.

1200
_ 100 -
]
a
z
o B00
wn
@ (I') — 7.4
& 600 | '
E‘. -Si,. ,AlLON, , {AT-1000K)
{
= _ — 2 0
g 400 K2
@
"
P oLl
E‘ 200 "
) " j) i -
: P‘*% '\—l_(,")_ |
0 L : :
0 10 20 30

sialon layer thickness d, (pm)

Fig. 8. Compressive residual stresses in the nitrided surface
layers culculated from egn (2)
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The observed variation may be related to systema-
tic changes ol the coating layer microstructure, 1¢
thickness and porosity at the nitnide/curbide inter
face and the layer composition Tatloring ol the
nitride layer microstructure by controlling the layer
growth kineties and variation of the additive content
in the SiC’ base matenial therefore allows a systema-
tie change of the reaction laver properties which
have a strong impact on the surface stiess tormation
With increasing o, tor example. gram shape and size
wete found to change lrom submicron sized grams
of 1ound shape (o needle hke crystals with gram
sizes m the range of 1-10 gm ™ In particular elastic
propertics and thermal expansion nusmatch be
tween the mitnide layer and the Si1C substrale
(r =43« 107K from 1oom temperalure (o
1000 Cy strongly affect the residual misAt stress
the surlace laver, a, which will be generated upon
cooling through AT"!

Eite —x)AT . ,

a, :ﬁ—/h/”blb (8)

1

where /(d,, E)) 15 a function of layer to substrate
thickness and laver to substrate elastic properties
which, for the case ol very thin layers. equals
unity. With mcreasing Al and O substitution in
[ osialon e g from =010 - =42 the mean lineat
thermal ¢expansion coeflicient decreases from v, =
10 "K oo 24 - 10 K and the clastie
modulus from E, = 31I0GPa 1o 235GPa ' respec
tvely Thus,for AT = 1000 Cand v, = 028 (Poisson

ratio)*” maximum residual compressive stresses of

J1OMPa and 640 MPu are calculated from egn (8)
for P SiyNy (=03 and /" sialon (2 =4) laver
composittons As may be seen from Fig 8, compress
ve stresses of the same magnitude were derived rom
measurements of mdentation crack lengths

Due to the comples multiphase nicrostructure of
the stalon layer, however, the misht stresses cal
culated accordimg to egn (8) cun only be taken as o
Arst approximation tondicate the tendency ol stress
vartation with change ol nitnide layer composition
and mucrostructure With increasing nitride layer
thickness the pronounced texture of the needle like
stalon grams may significantly alfect the crack
propagation m the coatng layer and hence (he
appuatent lracture toughness of the coated material
Due 1o the lower amount of residual mtergranular
glassy phase in the sialon layers ™ stress relaxation
processes may be reduced, resulting i higher
(reezing temperatures'™ and hence higher surface
stresses than in glassy phase contaming layers In the
case of gradient compositional change in the nitnde
laver as may be expected from the experimental
results, Fig 3, the large stress gradients near the
nitrnide carbide mterlace (layer under compression
and substrate under tenston) should be reduced.

which may result in improved adhesion strength ol
the reaction layers

4 Conclusions

Dense luyers of o multiphase siulon composition
may be formed on the surface ol SiC ceramies
sintered with AL O and Y ,0, by post hol isostatic
pressing m N, atmosphere  Layer growth at an
mtermediate stage s hikely to be domunated by
inward diffusion of nitrogen, whereas Al Y and )
are transported from the bulk into the miunide layer
to form sialon phase(s) Variation ol the layer
composition can be nsed to tutlor the propetties ol
the surfuce layer which have a strong impact on the
development of compressive surlace stresses

For practical use very thin surlace reaction layers
with o thickness less than [0 gm seem to be ol a
particular mterest lor surfuce toughening, which can
be Tormed under moderate temperature (1600 C)
and N, pressure (+ [0MPa) conditions The sialon
Layers ol low thickness and high residual stresses are
expected to be protective agaimst eroston wear and
ultimate Fatlure of ceramic components Thus, in
situ Tormation ol thin sialon tavers provides an
mteresting possibility for improving the mechanical
propertics of complex shaped S1C components
without  the  necessity  of  mechamical  surlace
finishing
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