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Abstract

Silicon nitride (Si;Ny) is a very imporiant ceramic
material for structural applications because its corrosion
and good thermal shock resistance and high mechanical
resistances al high temperatures. The best properties are
related with  the sucess of the sintering process,
producing sintered samples with low porosity.
Furthermore, efficient sintering programs must be
elaborated to optimize the sintering parameters (such as
heating rate and isothermal holding times) for better the
microsctructural control. The present work shows the
microstructural changes on SiN; at the differents
sintering  temperatures.  Microstructural — evaluation,
examined using backscattered electrons (BSE) and
secondary electrons (SE) in a LEO 1450VP Scanning
Electron Microscope, was utilized for the characterization
of the sintering stages.
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Introduction

Silicon nimde  (SiyNy)  has  unique  properiies

compared with othey structural ceramics. Si:N. exists i two
crystallographic modification: ~SiNg and B-SisN.:. The -
SENy is unstable at high temperatures and will trinsform into
B-Si:Ny. over 1400 "C (9.1 1).

The combination of properiies such as high mechanical
resistance at room and high temperature, low coefticient of
thermal expansion and good wear resisiance has made the
SisNy one of the most studied ceramic structural materials in

the last 20 yews [1.5-9,11].  However. the correlation
between SiaNy powder properies. sintering mechanisms and
charactenstics of the resulting ceramic product is not well
established.

The best mechanical properties of SiaN,y wre obtained
when it ix sintered by Jiguid phase sintering (LPS).  This
properties depends on, mainly, of the sintering conditions,
microstucture  and  intergranular  phases  obfained  after
sintering [6.11]. SN, ceramicy sintered by liquid phase
sintering (LPS) present three sintering stages: (1) particles
rearrangement stage: (2) soluton-reprecipitanon and (3) final
densification stage [2,3.7.9]. Ln this work. the relatve density
and microstructural evaluation of Si:N,; were examiued as a
function ol sintering temperature and, the nucrostructural
aspects in each sintering stage. were analysed using Scanning
electronic Microscopy (SEM).

Materials and Methods

Muterials
The following powders were used as  starling
materials:  o— SiaN;  (SN-10-UBE  Industries,  Japan),

o-AlLO, (CR-6 — BAIKAI.OX) and Y.0:« ( H.C.Starck-
Germuiny). The characteristics of the powders (Table 1) were
taken from the manufacturers specifications.

Table | — Characteristics of the starting powders.

Materials SiaN, ALO: Y.0u
Purity (%) 92% o-phase 9999  99.98
Specific Area (mz/g) 11.2 6.0 12.76
Average paticle size (um) 0.99 098 080




Processing

Silicon nirride (0=Si:Ns) was mixed with 14 volos of

ALOY 0, inthe swichiometry 1o Jorm YAG Y ALO:" as
intergrunular - phase.  becguse it hus  good  mechanicul
properies (4],

The starting powders were mixed for 6 howrs (1000 ypm)
in an awritor milling vsing an organic solvent (isopropy!
aleohol). The resultant homogeneized mixtures were then
dried st 30 "C for 6 hours,

Powder mixmre was compacted by uniaxial pressing using
30 MPa and subscquently ssostatic pressing (300 MPay.
After dus step the compucts were sintered in 1.3 MPa N»
atmosphere at a heating rate of 13 "C/minute up o differencs
temperatures ranged on: 1300, 1600. 1700. 1800, 1900 c
without isuternyal wnd 1900"C with isothermal of 2 hours.

After the sintering the samples were submitted at heal
ireatment for intergranular phase devitnficaion (1400 'C -
24h. m 0.1 MPu N, atmosphere) [1.4]. Afier e hea
treatment, the samples were immediatelly coolled down 1o
[O0IN temperature.

The characterization of the different sintering stages was
obtiined using the densification analysis and microsincioral
charactenzation of the sintered samples in the different
condttions. The densiy of the sintered samples (D) was
abtemred by Aschumedis Method |95 Ths yesulis were
comeated by theoretical density. obtayning then the yelauve

density (9n) of the sintered samples. The fructure strface off
the samples was obsenved by SEM wuh jruxed enussion ot

backscuttered electsons (BSE) and seconday ¢lecnons (SE)
(31

Results and Discussion

Relative Dengity
Table 2 presents the relative dencities resolic to the
differents sintering temperatuies.

Table 2 — Relative Densities at the differents sintering
conditlions.
Sintering Condition

" Relative Density( %)

1500°C 494
1600°C 32
1700°C 92.1
1800"C 96.3
1900°C 97.1
1900°C = 2 hours 99.5

Fig.1 shows the densification behaviowr of the SiN,
ceramics as i funcuion of sintering teraperature.

The results have. showed that between 1500 and 1600°C
have only a hule rearregement of the panicles. without
considerable  alterasons. The Jiqmd phase wiar  formed
between 1600 and 1700 "C. promoling an incrase in the
relative  density  of compact. Densificaton  resulty have

84

demongsivaied Mal e rearrangement sage (08t SINErng
stagte) has veeured iy this lemiperanire range proincung i hiph
increaxe in relative density. However, the next simtenug
Mages  needed  microstracturml o ounshvss for o bed
chamacterization, because in this stagex u lidle deference in
the relanive density i< showed.

Microsiciorsl BEvaluation

The SN, microstrucural evaluation iv shown n Fig,
-l for samples sintered al 1300, 1600, 1700, 1800 and
1900 "C withowt isothermal and 1900 °C during 2 houss. The
samples were characlenzed by SEM sing fracture surface

malvas,

G ——m—————
l F _DENSIFICATION

' ‘ s
§ | ]
@ | |
§ 70+ |
2. | '\
Z0r '
5 | '!
50 !
=1 |
40 [ £ - | . 3 . ———
1500 590 1700 1800 1900
Temperature (°C)

Fig.1 - Relalive gensiy (%) as a function of sinlering
lemperatire

Belween 1500°C wnd 1600"C (Fig.2a-b). o hitde
aproximahon of the «-S1:N, parbicles (8 observed. o
Ihese vemoperannes, nto ligind phase 15 detecied The Tigusd
phitse Is fecessary 10 stan the particles (camanggment
(2.3).

Eig. 2.¢ shows the pasticles reuTangement at 1200 °C
caused by the hguid phuse formianion. [n yhis lempesatuse,
o~ SHN, IransTormation wasn | detecied and the porosity
18 purfopnelly disabuled i the miciosisucture

Eig 2-8 (1RO'CY shows precipited (=5i:N, groins
covercd by e glassy nlergranular phise, chaaeterizing
Ithe solutton-reprecipitation siage (2,3).

Fip. 2-c (1900 "Cy shows the microstniciure with
mtergrpular phase more uniformly disiributed and 3
small presence af porosity wn the microstouciuge

Aflies 2 howox, 2 1900°C (Fig 2-D), ann hompgeneous
mictostruciure with low perosity was observed  Thic
behavior churacterize the final sunering stage  (final
densificatinn) |2,5(

Conclusions

For SUNJYALD,: system, temperatures higher than
1200 “C are nccesssry (o reach the of complete
reamangement of the and, o obtain high denssficanon.
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temperatures around 1900 °C added to isothermal times efficient  sintering programs, 1o obtaining of denxe

are required. The microsiructural siady using Scanning ceramics  with  homogeneous  microstructure  and,
Eleciron Microscopy as a characterization technique, is consequently, best mechanical properties.

very inportant 1o auxiliary in the elaboration of the

igrml 6 AET WDE 11

FT v 00Tk DEMAR - FAEMGUI_

Whe & Hagrial A = SET WD 1T e

AwiEN m o
CEMAR - FAENCLIL - Hag At _ EHT='mO07RY  DEMAR - FAENCLIL

EHT = 107 b

. - SIS T T F. A
SANRIE APOX 1000 In Cagral &« SE4 Cmte 15 My 7000

T
& Wiz 18 rmen Timm 1137
= Mag= sDOEX EMT=2000k0  [EMAR - FAENCUIL

2 " A+ZET  WD=- f0mm
P Mwy=2000kx = Bf-1sme  DEMAR - FAENGUIL |

Fig.2 — Micrographs of SisN, fracture surface samples sintered at:
(a)1500°C: (b) 1600°C; (c) 1700°C: (d) 1800°C; (e) 1900°C and (f) 1900 °C during 2 hours.

Volume 12, Number 1, December - 2003 - ACTA MICROSCOPRICA 85



Acknowledgments

The authors would like to thank to FAPESP
(Processes n' 99/08976-8 and 00/11204-6), for financia!
support.

References

[. Alper. AM. Ed by. (1995). Phase Diagrams in
Advanced Ceramics. academic Press Inc., USA,
227p.

2. German, RM., (1996). Sintering Theorv and Practice,
John Wiley and Song, New York, 550p.

3. Goldstein. J.[., Newbury, D.E., Joy, D.C.. (1987).
Advanced Scanning Electron Microscopy and X-
Ray Microanalysis. Plenum Press-USA, 454p.

4. Keller, K.. Mah. T.. Parthasarathy. T.A.. (1990),
Ceramic Eng, Sci. Proc., 11:7-8. pp 1122-1)33.

5. Kingery W.D., Bowen,H.K., Uhlmann, D.R.. (1976),
Introduction to Ceramics, 2'° cd. ). Wiley., 1032
p

6. Morgenthaler, K.D.. Biihi, H.; inw “Tuiloring of
Mechanical  Properties  of SiuN;, Ceramics™.
(1994) (ed. Hollfmanu, M.J. et ual.) p429-41,
Dordrecht, NATO AS] Serics.

7. Rahaman, M.N.0 (1995), Ceramic Processing and
Sinzering: Marcel Dekker. 770p.

8. Schwartz. R.. Application for Ceramic Materials and
Processes, (1992), Struct. Cer., n,8, p.8.1 — 8.85.

9. Strecker, K.. Gonzaga, R.. Ribeiro, S.. Hoffmann. M.
)., (2000), J. Marlern, 45:.39-42.

10. Reed, J.S., (1995), Principles of Ceramics
Processing - 2™ edition, John Wiley & Sons,
653p.

1. Ziegler. G.. Heinrich., J; Wotting,G.: (1987),
J.Mar.Sci...22:3041-86.



	12103-83
	12103-84
	12103-85
	12103-86

