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Abstract. In this study, textured α-SiAlON ceramic was produced by templated grain growth
process. In order to enhance the alignment of the seeds, gated tape casting arrangement was utilized.
Y-Ce codoped seeds were synthesized to induce the preferred orientation. For the production of the
seeds, Ce3+ was used as a sintering additive due to its well-known effect on the formation of
elongated α-SiAlON grains. In addition, Y3+ was used to stabilize Ce3+ in α-SiAlON structure.
Gated tape casting arrangement was also used to enhance the alignment of the seeds in the green
tape. After the lamination and sintering, preferentially aligned α-SiAlON grains were observed by
the microstructural investigation. In addition, XRD results obtained from the planes parallel and
perpendicular to the casting direction indicated the alignment of grains in α-SiAlON ceramics.
Hardness measurements also confirmed that the alignment of the grains results in 8% increase in
hardness value of the plane perpendicular to the casting direction with respect to that of the parallel
one.
Introduction
Recently, it has been shown that α-SiAlON ceramics with elongated grains can be produced
although they are generally considered to occur in equiaxed grain morphology. These preferentially
grown α-SiAlON grains were produced by close controlling of the compositions, starting powders
and sintering conditions in various studies [1,2,3]. More recently, seeding has been applied for
elongated α-SiAlON formation and resulted in promising microstructure and mechanical properties
[4]. Furthermore, if the elongated grains were oriented then, it is expected that, thermal and
mechanical properties would be controlled better in certain directions. Several ceramic systems with
textured microstructures were produced by a process called templated grain growth (TGG). In this
process, crystallographic and/or morphological texture in polycrystalline ceramic bodies are
induced via the grain growth of aligned seed particles at the expense of fine matrix grains [5].
Textured Si3N4 [6], SiC [7] and Al2O3 [8] produced by templated grain growth resulted in high
strength and fracture toughness.
The template particles should be anisometric and/or exhibit anisotropic properties such as
magnetic susceptibility for alignment during shaping process. Since tape casting is the preferred
shaping method for the alignment of seed particles, anisometric shape of the template particles is
critical for a successful TGG process. Zenotchkine et al. studied the α-SiAlON seed production in
Yb-, Y-, Nd- and Ca- α-SiAlONs systems [9]. They investigated systematic effects of synthesis
conditions including firing temperature, amount of grain boundary phase, nitrogen pressure, green
density, starting powders and heating rate on the size and morphology of the seed crystals. Recent
development of α-SiAlON with elongated grains provides a new possibility of obtaining ceramics
with high hardness and high toughness by using the knowledge of anisometric α-SiAlON seeds
production [10].
There have been several studies on the preferential orientation of SiAlONs. Hot pressing have
accepted to play a significant role for the enhancement of alignment [11]. In a more recent study, a
texture was introduced into a Sm-α-SiAlON ceramic, by uniaxially hot forging along a direction
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normal to the original hot pressing [12]. This is resulted in a two-dimensional texture normal to the
hot-forging direction. However this requires an expensive technique, hot pressing.
Therefore there is still a need of investigation to enhance orientation of α-SiAlON grains since, a
textured microstructure may bring several advantages regarding thermal and mechanical properties.
Concequently, in this study, production of textured α-SiAlON ceramics via templated grain growth
was investigated. In order to induce the preferred orientation, elongated Y-Ce α-SiAlON particles,
which were synthesized in our labs, were used as template particles.
Experimental Procedure
Seed Production. For the production of the seeds, Ce-Y containing multication system was chosen
as sintering additives. The overall compositions for both seed and tape production, the prepared
starting powder mixtures correspond to single-phase α-SiAlON (MxSi12-(m+n)Al(m+n)OnN16-n) with
m=1.25 and n=1.3. The mixture of conventional α-Si3N4 (UBE-E10) with AlN (HC Starck-Berlin,
Grade C), Al2O3 (Alcoa, Grade A16SG) together with equimolar mixtures of the CeO2 and Y2O3
(H.C. Starck, 99.9 wt% pure, Berlin, Germany) were homogenized in a planetary ball mill for 90
min using Si3N4 milling media. The oxide layers present on the surfaces of Si3N4 and AlN were
taken into account while calculating the compositions. Compacted and cold isostatically pressed
pellets of dried powders were sintered via KCE FPW 100/150-2200-25 type gas pressure sintering
furnace at 1940°C under 22 bar nitrogen gas pressure. Sintering was performed for 1, 3 and 5 hours
to investigate the effect of sintering time on the microstructural development of the grains. After
checking that the α-SiAlON is the only crystalline phase in the system via X-ray diffractometer
(XRD, Rigaku, Germany), chemical treatment was done by leaching the crashed samples in hot,
water-free phosphoric acid (250°C). Obtained seeds were washed several times to remove all the
acid from the system. The phase compositions of separated seeds were re-analyzed by X-ray
diffraction. The morphology of seed particles were examined by Zeiss VP50 Supra type scanning
electron microscope (SEM).
Tape Production. Samples with Sm any Y in equimolar proportions as stabilising agent were
utilized based on the composition metioned above. Methyl ethyl ketone (MEK, purity >99%,
Merck, Germany) and its binary combination with ethanol (EtOH) (purity 99.8%, Merck, Germany)
as azeotropic mixtures were used for tape casting slurries [13]. In addition, polyvinyl butyral (PVB,
Butvar B98, molecular weight: 40,000-70,000, Solutia, USA) and STPP (MW 367.93 g/mol, Akca,
Turkey) were used as binder and dispersant, respectively. Polyethylene glycol (PEG) was used as a
plasticizer.
For the homogenization of slurries, powder mixtures and dispersant were ball milled in the
azeotropic solvent (i.e., 66 vol% MEK / 34 vol% EtOH) with Si3N4 balls. After 6 hours milling, the
plasticizer was added to the slurry and mixed for 1 h. Following the binder emulsion addition, slurry
was milled for additional 16 hours. To retain the shape and size of the grains and also to well
disperse them in the system, 2 wt% SiAlON seeds were added to the suspansion at within the last
15 minutes of milling. After homogeneous slurry was obtained, the slurry was de-aired. Tape
casting was performed by a laboratory type tape caster on a glass substrate at a speed of 8 cm/s. To
enhance the orientation, a gate arrangement was adapted to the blade with a 1 mm space between
needles [14]. The blade height was 400 µm. After drying at room temperature, tapes were removed
from the glass and cut into smaller pieces with 1x1 cm dimensions by keeping the orientation.
Stacks were formed by the uniaxial pressing of 50 pieces. To improve the contact between layers,
samples were cold isostatically pressed under 100 MPa after the binder burnout process. Production
of the oriented tape and the compaction is schematically shown in Fig. 1.
Sintering of samples was carried out under 2.2 MPa nitrogen gas pressure at 1940°C for 1 hour in a
BN crucible. The XRD patterns of the planes parallel and perpendicular to the casting direction
were obtained by X-ray diffractometer. After application of gold coating, polished surfaces of
sintered samples were examined via SEM by using back-scattered imaging mode. Hardness values
in different directions were measured by Vickers indentation method under 10 kg (HV10) load.
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Fig. 1. Illustration of (a) gated tape casting arrangement (b) stack compaction
Results and Discussion
XRD studies on the seed particles revealed that they are α-SiAlON with no additional phase. Fig 2.
shows the effect of sintering time on physical characteristics of the seed particles.
(b)

(a)

10 µm

10 µm

(c)

Fig.2. SEM images of the seeds sintered at
1940°C for (a) 1, (b) 3 and (c) 5 h.
10 µm

For a quantitative analysis, over 600 grains were measured to determine dimensions of the seed
particles. This measurement was performed by using UTHSCSA Image Tool. It was observed that
depending on the sintering time schedules, the dimensions of the seeds change as a function of the
sintering time (Table 1). These statistical data show that the lengths rise from 5.2 µm to 11.8 µm as
the sintering time increases from 1 to 5 h. Since the lengths of the seeds play a significant role for
orientation, 1 h sintered seeds with fine grains are not preferred to be used. There are two main
reason to show negligible contribution to orientation: (a) it is difficult to align them during tape
casting, (b) they may not introduce enough driving force for TGG [15]. Furthermore, it becomes
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very difficult to remove the grain boundary phase by phosphoric acid for the production of seeds
after 5 h sintering. Therefore, 3 h sintered seeds having 9.7 µm average length were preferred to be
used in the subsequent part of this study.
Table 1. Average dimensions of the seed particles
Width
Aspect Ratio
Sintering Time
Length
[µm]
[µm]
[h]
1
5.2
8
6.1
3
9.7
1.4
7.6
5
11.8
1.2
11.1
Fig. 3 shows the cross-sections, representing different casting planes of the sample after the
lamination and the sintering. Fully densification was confirmed both by this microstructural
investigation and by the Archimedes’ method. pl-xy and pl-xz are the planes parallel and pl-yz is
the plane normal to the casting direction. The SEM images indicate that grain orientation is not
perfect and randomly oriented grains are also observed at pl-xy and pl-xz. This result can be
attributed to the small seeds which are difficult to align during the tape casting. Since the pl-yz
plane consists of the basal planes of the elongated seeds, the microstructure of this plane is
composed of equiaxed grains. Microstructure of yz plane is consisting of equiaxed grains,
dominantly, as expected. It is also apparent that there are some grains which reach up to ~90 µm in
length. This is an evidence of the grain growth of the α-SiAlONs on α-SiAlON seeds.
pl-xy
Casting Direction

pl-xz

pl-yz

Fig. 3. Cross section images with respect
to the casting directions.
To evaluate the degree of texture fraction, XRD patterns of the planes parallel and perpendicular
to the casting direction were analyzed and compared with the unseeded sample patterns. Relative
intensity results of some critical planes were summarized in Table 2. When the relative intensities
of (000l) peaks of the patterns obtained from yz plane are compared with those of the standard
sample, an enhancement is observed in those planes’ intensities. These results indicate that the
SiAlON ceramics produced in this study exhibit a certain degree of preferred orientation with
respect to the standard. In addition, the (hki0) relative intensities from xy plane also reveal higher
values which also confirm the orientation. Lotgering factor calculations were performed from (hki0)
directions and revealed 0.56 degree of texture in xy-plane. Since the size of the seeds range in a
wide distribution, there are also randomly oriented grains which decrease the Lotgering factor. Our
research activities to improve the quality of texture are still in progress.

Materials Science Forum Vol. 554

83

Table 2. Comparison of the relative intensities
Plane
(21 3 0)
(0002)
(0004)
(11 2 0)
(31 4 0)
(20 2 0)

Standard
96.7
13.1
26.5
7.5
4.3
13.8

pl-xy
100
1.8
18.4
12
5.8
14.6

pl-xz
100
12.4
48.2
12
5.1
17.2

pl-yz
29.6
17.67
52.89
5
3.9
6

To observe the effect of orientation on hardness, Vickers indentation was applied on pl-xy and
pl-yz. Fig. 4 exhibits the hardness values of the samples at yz and xy planes which are 20.9 (±0.54)
and 19.3 (±0.45), respectively. These values represent the average of 3 tests for each plane. The
reason of the variation in hardness is believed to be according to the larger slip band and Burgers
vector at yz plane [16]. Therefore, it exhibits an intrinsically higher hardness than xy plane.

Fig.4. Variation of hardness with respect to the casting directions
Conclusions
In this study, SiAlON ceramics with aligned seed particles were successfully produced by tape
casting. Heat treatment of the compacted tapes resulted in growth of anisometric seed particles at
the expense of fine matrix and, hence increases the degree of texture. XRD studies performed on
textured α-SiAlON ceramics indicated preferred orientation although, it is partly observed by SEM
images. Hardness measurements also confirmed the orientation and resulted in better hardness
values on the yz plane which is normal to the casting direction probably due to the larger slip band
in this direction. In order to control all the other properties such as thermal conductivity, via
increasing the orientation, seeds having a more narrow size distribution is going to be used in
further studies. Additionally, by applying hot forging to the oriented sample, it is believed to be
possible to enhance the Lotgering factor of this kind of materials.
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