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ABSTRACT

The smtering and renitridation behaviors of ulirafine SN, powder compacts, wlich were heavily oxidized
and/or free-Si rich, were investigated with particular atlention to microstructures. The specimens were heated
withoul restonng to addilives and pressure by controlling heating process attamned by a Xe image apparatus.
The effect of particle size, free-S1 contents, decomposition and renitridation, were investigated. When fired
10 1650T within 15 sec and then immediately held at 13507 for 10 min N, atmosphere, significant densification
took place in the limited region, mn addition to decreasing oxygen contents to less than 0.3 wt%. On the other
hand, specimens decomposed due to overheating at the initial stage were rapidly renitridated at the relatively
lower temperature of the holding stage, And, then, the activation energy for the renitridation was calculated
to be 49 keal/male.
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Tabe 1. Charateristics of SuN, Powders
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Chemical Compositions (wit%)

Mean Parlcle Size'™™

Sample No. Phase*
IN** O**  Free-&i= Al Fe* Cat {tum)

1 Amorphous’ 35 15 <3 <0003 <002 <0005 20
2 9601/4p* 37 1.8 <2 0.005 0.01 3005 300
3 Amorphous’ 32 13 10 <0003 <002  <0.005 20
4 Amorphous’ 26 15 20 <0003 <002 <0005 20

'powder synthesized by hybrid plasma CVDH®

*H.C. Starck, Germany

*determined by X-ray diffractometer {XRD)

**dotermined by LECQ analyzer

+determied by atamic absoption method

*+determined by transmission electron microscope {TEM)
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Fig. 1. Schemalic wiew of rapid firing apparalus used
for (he sintering of ultrafme ceramic powders:
L represents the distance trom the light focu-
sing center.
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Fig. 2. Thermograms as a [unction of irradiation time
al various lamp powers.
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{2) Low magmfication SEM of the fracture sur-
{aces for the typical sample: (b), (c}, and {d)
are enlarged micrographs ot the region of b,
c, and d in {a).

Fig. 3.
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Fig. 4. SEM micrographs of the fracture surfaces {or the lired specimens of sample 1 and 2 in Table 1: Microgra-
phs () and (b} correspond to those of sample 1 fired according to thermograms Ryl and Ry-ly, micrographs
{c) and (d) correspond to those of sample 2 hred according to thermograms Ryl and R;-I,, respeclively.

Fig. 5. SEM micrographs of the fracture surfaces for the specimens fired aceording to thermogram Ri-I in g, 2:
Micragraphs (a) and (b) correspond to those containing 4, and 25 wt% amorphous SigN, (mixtures of sample
1 and 2, in Table 1), respectively.
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Fig. 6. SEM micrographs of the fraciure surfaces for
the specimens firad according to thermegram
R;-l, in g 2° Micrographs {a) and (b} corres-
pond to those of sample 3 and 4 in Table 1,
respectively.
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Fig. 7. (a) Relalion between oxygen and nitrogen con-

tent for the specimens fired according o ther-
mograms Ry{11)-Ra(15) n Fig, 2.
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the specimens fired according to thermograms,
(23 Re-ly, (0D Rl and () Re-l; in Fig. 2, res-
pechively.

3.2, Free-Si gHeze| HE ol xia 3

H1 A SuN, mlR Apel] Eabd el ol free-Sigke] 15
al Az w)As deks HEHY] $ea free-Si &
o] o2 2712] 8] sample(Table 12] sample 33} 4)&
Ri-lo®] 7legdoledel] s Azietelg 2 SEM Aale
7H7) Fig. 62 (a)s} (bel viebiiglel o714 o = ale
vtk o) AMEBE [reeSi el aisia @Ag
Astsh 2HSgel b2 A2 ok & ek = Fug 6l
A E 4 glie ulel o] free-Sil10 widh)T 4la(13
wit%lZh el AE WfEe] glef® 108 ke Fele
7 g} Ffl o] 03wt o] 8hE 4bast Fhasshe Aly)
dlgo] A=, Fig 6byella] 2 5 gl nlel e
b onin f eS‘“-JOJ Zr)a o0 with) B-SipN,2 4

o] F7lsl= AL & 4 2

yieh elspge] prlEza4

i e

o

-185-



1623K  1573K 1523K
10 10+ : T T i
B ek : *
o - ]
0.5 A-1523K B 7]
3 01 R = =
- =< t .
0.05: j Ea-dSkcal/mole j
ootb—t L L .o | 10 R B B
0 10 20 30 61 62 63 64 65 66
Time (min) 104/T (K7)
(a) (b)

Fig, 8. (a) First-order rale law plots of the re-nitrdation for the decomposed SiJN; compacts.
() Arrhemous plot of first-order rate constants for Lhe re-nitridation.

Fig. 9. SEM mucrographs of the fracture surlaces for the specimens: Micrographs (a), (b}, {c) and (d} correspond
te (a), (b}, {c) and {(d) in Fig 7(b), respectively.
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