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Abstract This work intends to prepare Ca-a-sialon materials from blast furnace slag and
other materials by carbothermal reduction and nitridation. Firstly, pure materials were used to

investigate the possibility of formation of single phase Ca-a-sialon, verifying that the phase

relations for system Ca-Si-Al-O-N mentioned in literature is reliable. On the basis of above
work, blast furnace slag, kyanite, SiO2 and carbon black with different formulations were used

to synthesize products with Ca-a-sialon at different temperatures by carbothermal reduction

and nitridation method. XRD results show that the products with some amounts of Ca-a-

sialon and b-sialon were obtained.

1.Introduction
Among the group of sialon ceramics, the a-sialon ceramics have attracted more and more

attention recently, since they show excellent hardness and thermal shock resistance and offer
the possibility of a reduction of the amount of residual glassy grain boundary phase by

incorporating the constituents of sintering aids(and impurties) into the crystal structure. This
will especially enhance the chemical and mechanical properties at elevated temperatures[1-2].

a-sialon, isostructural with a-Si3N4, has an overall composition given by the formula RxSi12-

(m+n)Alm+nOnN16-n, where m(Si-N) are replaced by m(Al-N) and n(Si-N) by n(Al-O)[3-4]. The
charge discrepancy introduced by the former substitution mechanism is compensated by the

metal ion Rp+, with m=px. In contrast to the purely substitutional solubility in the b-sialon

phase (i.e., replacing Si-N by Al-O), there are two interstitial sites per unit cell in the a-Si3N4

structure that can be occupied by these metal ions, enabling Si-N to be replaced by Al-N. It is

believed that, for the stabilization of the a-Si3N4 structure to high temperatures, the
occupancy of this kind of interstitial site by a certain amount of R cation is necessary. The

elements R which have been reported to stabilize a-sialon are Li, Mg, Ca, Y and some rare-

earth metals[3]. Typically, the preparation of sintered sialon ceramics involves the use of high
purity silicon nitride and various additives. This gives a high cost product, which may not be

necessary for all technical applications. Therefore, attempts have been made to find

alternative synthesis routes using low-cost starting materials. Previous work has shown that b-

sialon and a-sialon ceramics can be prepared from clay minerals by simultaneous

carbothermal reduction and nitridation(CRN)[5-7].
In recent years, based on the natural raw materials, such as clay, some refractories such as

O'-sialon, b-sialon, b-sialon-Al2O3-SiC and O'-sialon-ZrO2-SiC
[ ], have been successfully

synthesized, which have promises to be used in metallurgical industry. Metallurgical solid

wastes are challenging problems for environmental protection. Much attention has been paid
to the utilization of solid wastes, such as all kinds of metallurgical slags. In this paper, the

studies will be done about preparation of a-sialon using blast furnace slag and raw materials

of refractories.
2.Experimental Methods

2.1Preparation

When metal ion is Mep+, the general formula for a-sialon is MexSi12-(m+n)Al(m+n)OnN16-n,

where x=m/p. According to the phase relationship for system Me-Si-Al-O-N[8], there are a-

sialon single phase and coexisting a-b-sialon phases areas, shown in Fig.1. To obtain single

phase a-sialon or a-b-sialon material, suitable formula of starting materials must be



determined. Therefore, pure materials were used to investigate the formation of single phase

Ca-a-Sialon. The starting materials were a-Si3N4 (a³92%Vol, D50=0.2-0.6mm),

AlN(D50=0.56mm, oxygen content 1.2%) and CaCO3(mass%³99%). Experimental

composition point was chosen according to Fig.1, making it located on the Si3N4-

Me2Op×9AlN tie line. The composition of starting materials is as follows (mass%):

64.67Si3N4, 19.78AlN, 15.56CaCO3, as sample 1. The chemical formula of.a-sialon is

CaSi9Al3ON15(x=1.0, m=2.0, n=1.0).
The starting powders formulated was attrition-milled for 24hrs with alcohol using silica

balls as the grinding media. After being ground, the mixture was dried and sieved in 60 mesh

screen. Hot-pressed sintering was carried out at 1750°C for 1h in a graphite resistance furnace

with nitrogen atmosphere and a uniaxial compressive stress of 25Mpa.

To make CaCO3 dissociate into CaO completely, the heating was kept at 1050°C for 0.5h

during the sintering. XRD results showed that Ca-a-sialon was obtained on the composition

point, shown in Fig.2. The sintered products consist of Ca-a-sialon with little residual Si3N4.

Therefore, the phase relationship in Fig.1 is reliable. In the following work, experimental

compositions were chosen inside the Ca-a-sialon area in Fig.1.

In addition, on the basis of XRD analysis, microstructure and EDS analysis were also
made on the sintered products. SEM results showed that there were two kinds of shapes Ca-

a-Sialon took: one was circular grain, the other was columnar, shown in Fig.3. Both the

circular and columnar grains were Ca-a-sialon, which was identified by EDS and XRD
analysis. This result is different from that of previously reported work[9]. It is generally

thought that since the cell parameter for the b-Si3N4-based b-sialon c/a is 0.38, c axis is

preferential growth direction during sintering. Therefore, the shape of b-sialon is columnar.

But the cell parameter for the a-Si3N4-based a-sialon c/a is 0.73, it has no preferential
growth direction, its shape is generally equiaxed[10]. Therefore, the formation of columnar

Ca-a-sialon grains is unexplainable. But the existence of columnar Ca-a-sialon grains can

improve toughness of the materials by in-situ toughening. Therefore, the columnar Ca-a-
sialon prepared in this work is of much significance.

2.2 Starting materials

The compositions investigated lie on the so-called a-plane represented by the formula

CaxSi12-(m+n)OnN(16-n). The starting mixtures were made of blast furnace slag, kyanite, carbon
black, silica. Their specific compositions are shown, respectively, in Table 1. The XRD

result for the blast furnace slag investigated in Fig.4 showed that the blast furnace slag
consisted of glassy phases. The amounts of carbon added corresponded to the calculated

amount for complete CRN reaction, the calculated amount plus varying amount excess,
respectively. The specific formulations for the starting mixtures are shown in Table 2.

2.3 Synthesis
The starting materials powders were mixed by ball-milling in alcohol for 12hrs using silica

balls as grinding media. After being dried, sieved, the powders mixtures were first cold-
pressed in a steel die to rectangular bars with a dimension of 4mm×6mm×40mm. The

samples, which were embedded in boron nitride powders, were then placed in an alumina
crucible in a tube furnace (70 mm internal diameter). The firings were made by pressureless

in oxygen-free nitrogen atmosphere (flow rate 0.8l/min) at different temperatures for varying

times. The heating rate was 5°C/min from room temperature to the designated sintering
temperature.

2.4 Characterization
To investigate the phase compositions in the sintered product materials, X-ray diffraction

was employed using Cu-Ka radiation.
3.Results and Discussion



The conditions of the experiments and the results are shown in Figs.5-10. It can be seen

from Fig.10 that the applied conditions at 1680°C or higher temperatures are not suitable

for preparing the materials containing a-sialon from the starting silica, kyanite and blast

furnace slag powders of sample 7. The main products in this range of temperatures are b-

SiC and Si. b-sialon and a-sialon can not be found in the sintered products. This result is
same as that from the literature[5]. Preliminary thermodynamic calculation shows that SiC is

a stable phase. CaO may be present in an amorphous phase which can not be characterized
by X-ray diffraction.

Fig. 8 shows that the sintered products of sample 5 fired at 1450°C for 8hrs are b-SiC, O'-

sialon and a small amounts of a-sialon. Fig.9 shows that the sintered products of sample 6

fired at 1450°C for 8hrs are b-SiC and b-sialon. The difference between samples 5 and 6 is

composition. This difference results in different final products. b-SiC takes substantial part

and does not seem to be intermediate product as described by other investigator[ 7]. This
difference may be attributed to the fact that the structural states of starting materials are

different which results in the different reaction mechanism.

Figs.5 and 6 show that the sintered products of samples 2 and 3 fired at 1600°C for 3 hrs

contain some amounts of Ca-a-sialon, b-sialon and SiC. But the sintered products for

sample 4 did not contain Ca-a-sialon as shown in Fig.7. In the all above cases. the contents

of b-SiC are still too high, which should be lowered. The SiC content can be minimized by
varying the firing temperature and time and regulating the composition. These works are to

be done.
4. Conclusion

Pure materials Si3N4, AlN, CaCO3 were used to investigate the formation of single phase

Ca-a-sialon, confirming that the phase relation for system Ca-Si-Al-O-N given in literature is

reliable and the simultaneous existence of equiaxed and columnar Ca-a-sialon grains. On the

basis of above work, blast furnace slag, kyanite, SiO2 and carbon black with different

formulatons were used to synthesize a-b-sialon powders at different temperatures by
carbothermal reduction and nitridation method. XRD results show that the products with

some amount of Ca-a-sialon and b-sialon were obtained. The work about optimization of the

technological parameters for synthesis of materials containing Ca-a-sialon are to be done.
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Fig.1 The phase relationships for system Me-Si-Al-O-N
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Fig.2 XRD result of sample 1 for the sintered products

Fig.3 SEM micrograph of simple Ca hot pressed at 1750°C
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Fig.4 XRD Result for water-quenched blast furnace slags
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Fig.5 XRD result for the sintered product of sample 2 fired at 1600°C for 3 hrs

20 40 60 80 100

0

1000

2000

3000

4000

5000

6000

D b-SiC

O Ca-a-Sialon

O
(3
2
2
)

O
(4
1
1
)

O
(3
0
3
)

O
(3
2
1
)

O
(2
2
2
)

O
(3
3
1
)

O
(3
0
1
)

O
(2
0
2
)

O
(2
1
1
)

O
(2
1
0
)

O
(1
0
2
)

O
(2
0
1
)

O
(2
0
0
)

O
(1
1
0
)

O
(1
0
1
)

D
(2
2
2
)

D
(3
3
1
)

D
(3
1
1
)

D
(2
2
0
)

D
(2
0
0
)

D
(1
1
1
)

In
te
n
s
it
y
(C

P
S
)

Fig.6 XRD result for the sintered product of sample 3 fired at 1600°C for 3 hrs
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Fig.7 XRD result for the sintered product of sample 4 fired at 1600°C for 3hrs
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Fig.8 XRD result for the sintered product of sample 5 fired at 1450°C for 8hrs
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Fig.9 XRD result of the sintered product of sample 6 fired at1450°C for 8hrs
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Fig.10 XRD result of the sintered product of sample 7 fired at 1680°C for 3.5hrs



Table.1compositions of the starting materials powder

Mass% Blast furnace slag Kyanite Silica

CaO 40.52 - -

SiO2 33.8 31.75 99.5

Al2O3 14.5 59.76 0.2

MgO 8.5 - -

Na2O/K2O - 0.98 0.1

Fe2O3 - 0.25 0.1

Impurity 0.68

Table.2 Formulations of the starting mixtures

Sample*

No. m n

Blast furnace

Slag(g)
Kyanite

(g)

Silica

(g)

Carbon

Black
(g)

Aluminum

(g)

Silicon

(g)

2 1.5 1.0 6.30 15.68 41.50 35.09 0.29 1.1294

3 1.5 1.5 7.63 12.72 35.46 42.50 0.35 1.3678

4 1.5 1.5 8.99 16.29 41.33 33.39 � �

5 1.5 1.5 10.37 19.84 35.97 31.67 0.11 2.0454

6 2.0 1.0 12.32 19.71 41.63 26.34 � �

7 2.0 1.0 12.11 19.39 40.54 23.55 � 4.4

Note: *CaxSi12-(m+n)Al(m+n)OnN(16-n).
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