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Two R-a-sialon (RggSig3Al, 7009N151, R=Nd and Er) compositions were first fired at
1750°C/25 min and 1650°C/2 h respectively for completion of the « — o’ phase
transformation. Elongated «-sialon grain morphology was developed in both samples after
being re-fired at 1800°C for different periods of time. The growth in width of R-a-sialon
grains is controlled by diffusion in the liquid, while the length growth tends to be interfacial
reaction controlled. The anisotropic growth of R-a-sialon is attributed to the large
difference in the growth rate constant between the length and the width directions of the
grain. © 2001 Kluwer Academic Publishers

1. Introduction previous literature. In the present paper, we extended
The ceramic family of sialon has gained wide researchhe study to the rare earth dopesesialon. Both Nd
interest owing to its excellent performance such as higlflight rare earth) and Er (heavy rare earth) were cho-
strength, high hardness, and good resistance to erosi@en as the modifying cations to study the influence of
and wear, which is more pronounced at elevated temrare earth ion radius on the grain growth behavior of
peratures. Of the two commonly used modificationsx-sialon.

of sialon ceramics, i.eg-sialon ands-sialon, the lat-

ter has been successfully applied in many engineer2. Experimental

ing components because of the high fracture toughR-«a-sialon compositions were chosen along the
ness originating from its elongated grain morphology.join line SiN4-R,O03-9AIN on the «-sialon plane
On the other hand, the applicationmfsialon, despite  (RxSi12-m-nAlminOnNie_n), i.e.m=2n, withx =0.6

its high hardness, has been hampered by its frequentgnd R=Nd and Er, giving specific compositions of
occurred equi-axed morphology associated with lowRgSig3Al,7009N151. Samples were designated as
toughness and reliability. Recent experimental findingNd60 and Er60. Starting powders wereSisN, (UBE

of elongatedy-sialon in the rare earth and Ca systems,E-10, Japan, 2.0 wt% O), AIN (Wuxi, 1.3 wt% O),83
especially the subsequent toughness enhancement i®=Nd and Er) (Yaolung Chemicals, 99.9%). Pow-
the material [1, 2], have prompted great enthusiasm imler mixtures were ball milled with absolute alcohol for
understanding the grain growth behaviowe$ialon. 24 h.

Itis generally accepted that the grain growth of sialon  Following the convention used in our previous study
follows the empirical equation defined by the LSW on the Cax-sialon system, the completion af— o’
theory [3, 4] phase transformation is assumed when a sample con-

tains less than 5 wt% unreactedSizN, after firing.

d" —df = kt (1) Based on this criterion, to achieve the completion of

a — o’ phase transformation it required a firing at
hered andd, are the final and initial grain sizdsisthe 1750 C for 25 min for Nd60 composition and at 16%D
growth rate constant, andis the growth exponent to for 2 hours for Er60 composition by hot-pressing. After
determine whether the grain growth is controlled by dif-initial firings at these conditions, bulk materials with
fusion in the liquid or interfacial reaction. In our recent a rectangular shape (3037 mm) were then cut into
work [5], we studied the grain growth kinetics of Ca small pieces. Each piece was re-fired under 0.1 MPa
a-sialon after thex-SizN4 (@) — a-sialon @) trans-  nitrogen atmosphere at 18@for 1 min, 1 hand 3 h
formation and found interesting similarities and differ- respectively in a graphite resistance furnace by pres-
ences comparing t6-SisNg4/sialon systems reported in sureless sintering.
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Microstructural observation of the fired samples wagtively higher nucleation rate and/or a lower growth rate
carried out on a KYKY-2000 scanning electron micro- for grains in the Nd composition comparing to that in
scope (Keyi Inc., China). Polished surfaces of the samthe Er composition. The difference in the nucleation
ples were etched in molten NaOH for a few seconds andate accords with the acid-base property of the two
then carbon coated prior to SEM observation. An im-rare earth oxides [8]. During sintering, the more basic
age analyzer (IBAS/C, Kontron Elektronik, Germany) Nd-containing melt preferentially wets and reacts with
was used for quantitative analysis of the microstructureSizNg4, which is favorable to the nucleation @fsialon
taking into account the three-dimensional random dison existinga-SisN,4 particles. A high density of nu-
tribution of the elongated-sialon grains. Details of the clei could lead to a microstructure with large amounts
method were given elsewhere [5]. of fine grains. However, the difference in the growth

rate of Nd and Ex-sialon grains needs some analyses.

It is known that the ionic field strength increases with

increasing atomic number (from Nd to Er); thus the
gviscosity of the Nd-containing liquid should be lower
than the Er-containing liquid [9]. A low viscosity liquid
should facilitate easy diffusion of ions and thus promote

was rounded at the completion of the— o’ trans- grain growth. But this seems not to agree with the ob-
formation. This morphological feature of thesialon served facts here that a faster growth rate appeared in

grains represents a fundamental difference with th&h€ Er composition instead of in the Nd composition.
elongategs-SisNa/sialon grain morphology upon com- This inconsistency can be rationalized if a catalytic ef-
pletion of thew — f transformation [6, 7]. fect of rare earth ions on the growth ratesvedialon is
Sialon is formed via a solution-precipitation process@SSumed. The catalytic effect was employed in previ-
in which «-SisN, is dissolved into a transient liquid ©US Studies oB-SisNa/sialon materials to explain the
upon firing, from which thex- and/org-sialon phases fine-grained microstructure observed in the light rare
are precipitated. It is generally thought that the devel £2/th containing samples compared to thatin the heavy

opment of sialon grains involves nucleation and graif &€ €arth containing ones [10, 11]. In our following
growth. Owing to the persistence of the highly refrac-discussion on different grain growth kinetics of the Nd _
tory Nd melilite phase, the completion temperature o nd Er d_oped systems, it s seen that the same catalytic
thea — o transformation for Nd60 was 100 higher ~ €ffect still holds for thex-sialon grain growth.

than for ER60, as shown in Fig. 1. However, the Nd60 After flrlng_at 1800C_ fo_r prolo_nged time, a grad-
composition revealed a much finer grain morphologyual increase in the grain size @fsialon was detected,

than sample Er60. This may be attributed to a rela@S SNOwn in Fig. 2. As the — o transformation was
completed in both samples prior to the firing at 1800

the growth ofa-sialon grains followed an Ostwald
ripening process through a transient liquid. Similar to
the Ca doped system, &sialons began to show an
anisotropic grain morphology in the subsequent grain
growth period, evidenced by the increasimgsialon
aspect ratio with increasing holding time (see Fig. 3).
It can therefore be concluded that the development of
grain morphology o&-sialons, either Ca doped or rare
earth doped, follows the same rule. That is, fine spheri-
cal grains are the initial appearance at completion of the
a — o’ transformation and elongated grains are subse-
quently developed through prolonged holding at high
temperatures, providing the necessary kinetics for this
evolution.

It is also noted that both the width and length of
a-sialon grains in sample Nd60 were shorter than those
in Er60 at the same holding time, while the aspect ratio
showed the inverse trend (e.g. Fig. 2e, f). This feature
resembles that of thg8-SisNy4/sialon system, where a
nearly one-dimensional growth was observed for the
light rare earth doped system in contrast to the predom-
inantly diameter growth for the heavy rare earth doped
system. Hoffmanet al. attributed this difference to the
influence of the rare earth additives on theNgi sur-
face energy, which caused a change of the basal and
prism plane growth rates [12]. Similarly, the different
microstructure of the Re~sialon can be understood in

3. Results and discussion

3.1. Grain morphology

Fig. 1 shows the microstructures of Nd60 and Er6
samples after the initial hot-pressing. Like in the Ca
a-sialon system, the grain morphology ofdRsialon

(b) terms of the different growth rates in the width and
Figure 1 Microstructure of samples Nd60 (a) and Er60 (b) upon com- l€ngth directions, as supported by the kinetic parame-
pletion of thew — o’ transformation. ters discussed below.
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Figure 2 Microstructural evolution of Re-sialon after ther — ' transformation (a) Nd60 180C/1 min (b) Er60 1800C/1 min (c) Nd60 1800C/1 h

(d) Er60 1800C/1 h (e) Nd60 1800C/3 h (f) Er60 1800C/3h.
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Figure 3 Aspect ratio of Re-sialon grains after firing at 180C for
different time.

3.2. Growth kinetics

TABLE | Grain growth exponent) and growth rate constark)(for
Nd and Era-sialon compositions

n k
Nw n K ki
Nd60 6 4 4.6<10°° 1.0x 1072
Er60 7 3 6.3x 10°° 9.5x 102

Note: w and k& width and length of the:-sialon grains.

growth exponent and rate constant of the two dimen-
sions ofa-sialon grains can be determined, as listed in

Table I.

Like the Ca doped-sialon, the two rare earth doped
systems had highet, thann, values. Thus the width
growth tends to be diffusion controlled and the length

The grain size data (length and width) in Fig. 2 weregrowth is more prone to interfacial reaction controlled.
plotted on a log-log scale in Fig. 4. From the slope andThe higher diffusivity in the multi-grain junctions than

intercept of the lines fitted according to Equation 1, theat the two-grain boundaries might be the cause for the
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4. Conclusion

The grain growth kinetics af-sialon in the rare earth
doped systems was studied. A comparison of the exper-
imental results with those of Gasialon and3-SizN4/
sialon systems revealed the following features of the
grain growth of Re-sialon:

1. Like Caa-sialon, rare earth dopedsialon takes
an equi-axed grain morphology at the temperature of
a — o' transformation. Prolonged holding at higher
temperatures provides necessary kinetics for the de-
velopment of elongated-sialon.

2. The growth in width of Rx-sialon grains is con-
trolled by diffusion in the liquid, while the length
growth tends to be interfacial reaction controlled. The
Nd composition has similar growth behavior to the Ca
a-sialon in that both have the samevalues.

3. Like the B-SizNg4/sialon system, the light rare
earth (Nd) doped composition has a much finer mi-
crostructure with high aspect ratio comparing to the
heavy rare earth (Er) doped composition. The assump-
tion that the catalytic effect of the rare earth ions on the
growth rates of the basal and prism plansyedialon
can explain this difference.

4. The rate constant of the length is three orders
of magnitude higher than that of the width so that
anisotropic growth occurs and elongated grains are
developed. The Er composition shows a higher grain
growth rate in both the width and length than the Nd
composition.
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