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Effect of amount and atomic ratio of dual
modifiers Ca and Mg on phase formation and
mechanical properties of Ca,Mg-a-Sialons
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Multi-cation «a-Sialons ceramics containing calcium and magnesium for the compositions
((Ca,Mg)Sii2_3xAl3xOxN1s _x ), where x equals 0.6 and 1.0 with the different atomic ratios
of Ca to Mg, were fabricated by hot-pressing. An exploration for Ca,Mg-«-Sialon involving
phase compositions, cell dimensions, microstructure and mechanical properties were
carried out in the present work. © 2000 Kluwer Academic Publishers

1. Introduction better sintering ability of Ca,Mg¢s [5]. A further study
During the sintering ok-Sialon [1] (abbreviated as),  of multi-cation Ca,Mge-sialons with various atomic
whose general formula is represented 3Skb_m n) ratios of Ca to Mg is therefore worthy to be contin-
AlminOnNis_n (M=Li, Ca, Mg, Y and part of ued. The effects of the amount of additives and atomic
rare earth elements,=m/v, v to be the valency of ratios of Ca to Mg on the phase compositions, cell di-
the cation), oxide additives are usually used to promotenensions, microstructures and mechanical properties
densification by forming a liquid phase with the oxide of Ca,Mg«’ were investigated in the present work.

on the surface of nitride starting powder. Consequently,

the transient liquid phase can be absorbed irghl Sy

forming «’. Therefore, the formation af’ is expected 2. Experimental

to provide the advantage of incorporating cations as &he nominal compositions used were 8k, _ 3
sintering additive into the &N, structure, thus clean- AlzOxNig_«, i.€.Xx =m/2=n with the values of 0.6
ing the grain boundary region and improving the highand 1.0. The atomic ratios of Ca to Mg in the com-
temperature strength. In recent years, some investigaositions were @ : 0.4, 04 : 0.2 for x=0.6 and
tions dealing with dual cation’ materials have been 0.3 : 0.7, 0.7 : 0.3 for x = 1.0 respectively (named as
reported [2—4] as it was thought the dual modifiers maBCM24, BCM42, CCM37 and CCM73). The starting
terials, for example, resulted in a lower eutectic tem-powder used were @i, (UBE-10, Japan, 2.0wt%O0),
perature. In our previous work, dual cations, with equalAIN (1.3wt%0), CaCQ (99.0%) and MgO (99.0%).
atomic ratio of Ca and Mg, were used to fosrceram-  The mixtures were milled in an agate mortar under
ics. The results have shown that the materials possessafisolute alcohol for 1.5 h. Powders were dried and
an improved sintering ability, as the bulk densities ofthen hot-pressed (20 MPa) at 17&0for 1 h in a
Ca,Mg«’ were obviously higher than its counterpart graphite-resistant furnace under a flowing nitrogen of
single cation Cax’' [5]. It was also found that most of 1 atmosphere. Before reaching the holding tempera-
the added C& and much less of Mg have beenincor-  ture, the powder mixture was firstly kept at 11680for
porated into the’ structure, whereas most of the added0.5 h to complete the decomposition of CafZ@he
Mg?* entered sialon polytypoid phase. kfgcan be  bulk densities of the samples were measured by the
absorbed into AIN-polytypoid structure to form mag- Archimedes principle. Phase assemblages were char-
nesium containing AIN-polytypoid phase was reportedacterized by X-ray diffraction using a Guinierag

by Thompson etc [6]. The formation of magnesiumcamera with Cu K; radiation and Si as an internal stan-
containing AIN-polytypoid phase in Ca,Mg-is thus  dard. The measurement of X-ray film and refinement
considered to provide a possibility to reduce the amounbf lattice parameters were completed by a computer-
of glassy phase at the grain boundary, tikeln fact, in  linked line scanner (LS-18) system [7] and SCANPI,
comparison with Ca¢, both the hardness and fracture PIRUM [8] programs. The microstructure observation
toughness of Ca,Mg- for the same composition were was performed under a SEM (KYKY 2000, China) on
higher and the improved hardness of Ca,Mgnate- the surfaces of samples etched by melting NaOH, which
rials were attributed to the reduced glassy phase at theere polished before etching. The surface of fractured
grain boundary in a series of (Ca,M@}s, besides the sample, which was obtained after testing the flexural
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strength, was also observed by SEM. Hardness and in- The densification of $N4-based ceramics mainly
dentation fracture toughness was measured by usingdepends on the liquid phase produced by the surface
Vickers diamond indenter under a load of 100 N. Flex-SiO, on SgN4 powder and the oxide additives. The
ural strength was tested by three-point bending with dormation ofa’ is also through dissolve and precipita-
30 mm span. tion which in turn requires a certain amount of liquid
phase. Therefore, the existence of very small amount
of unreactedr-SizN4 in the samples fok = 0.6 com-
positions could be attributed to the fact of less liquid
phase formed during sintering for laxwcompositions.

In our previous work [9], it was found that for the com-
positions withx more than 1.0, AIN-polytypoid phase

3. Results and dicussion

3.1. Densification and phase formation

The measured bulk densiti€, and the phase assem-
blages of the compositions with various atomic ratios

of Ca to Mg are summarized in Table I. The calcu- . A X A
lated densitieD and the ratios oDy, to Dey are 21R occurred in Ca¢. It is also possible to form Mg

also given in the Table. It should be pointed out that jrcontaining AIN-polytypoid phase in Ca,Mgf; because

was difficult to estimate the accurate calculated densi[nagnesmm can be incorporated into sialon system to

ties because of existence of other phases in the samplfof[rr:1 g?gzgﬂg %f;a;%rgsaztﬂalllyof?gi[hTznc?hn;ps;;ggrr:ts
besidesx’. The phase assemblages of materials wer ) . ) o i
therefore considered to be composed of only one pha%%vork, Mg-containing AIN-polytypoid phase was de

Bcted with the different content in most of samples
’ - -y y
o’ to estimate the calculate densities and thg datzgf which increased with the increase of x values, as listed
were obtained based on formulas and lattice param

8h Table 1. The trace amount of Mg-containing AIN-

Table ), can be understood that the calculated dangPOYYPOId found in BCM24 can be Understood since
' this composition contains relatively more content of

ties would be higher than the corresponding measure g than BCM42. The similar formation trend of Mg

values, especially for CCM73 and CCM37, which con- : o
. ’ N . AIN-polytypoid for x = 1.0 compositions was caused
tain a small amount of Mg AIN-polytypoid phase in gy the same reason.

the materials. For measured densities of the samples;
as seen from Table I, the bulk densities of BCM24 and

BCM42 were similar, although the weight of nominal 3.2, Cell dimensions

formula of BCM24 was smaller than that of BCM42. The cell dimensions of Ca’MgL Samp|es hot pressed

The similar density indicated that BCM24 possessecyt 1750C are listed in Table II. For comparison, the lat-
the better Slnterlng ablllty than that of BCM42, which tice parameters of BCM33 and CCM55 (Same atomic
was attributed to the liquid-rich composition caused byratios of Ca to Mg to be 8: 0.3 and 05: 0.5 respec-

higher amount of MgO in BCM24 than in BCM42. For tjvely) [10] are also given in the Table. It can be seen
x = 1.0 compositions, the values of measured bulk denthat cell dimensions of’ increase with increasing

sities of CCM37 and CCM73 were little different. The values of the Compositions_ The lattice expansioa’of

more the amount of Mg in the composition was, thephase also occurred in Gé; which was mainly caused
better the Sintering ablllty of Sample. This trend of bulk by the substitution of Si-N by Al-N and Consequenuy
density was the same as=0.6 case. the increases in cell dimensions of @awere depend-
ing on thex values of the compositions [9]. On the
TABLE | Densityand phase present of Ca,Mgsamples hot-pressed  Other hand, it was found in the present work that with
at1750C increasing atomic ratios of Ca to Mg for the same
value & =0.6), the lattice parameters af phase be-

Bulk density came larger, implying more Cd being incorporated
X Ca:Mg Dey Dm Phase into o’ structure. The similar trend was obtained for
Sample value (at%)  (g/cth (g/cn®) Dm/Dea present CCM37, CCM55 and CCM73 as the lattice parameters
BCM24 0.6 02:04 3217 320 995  a'fsalt, of o’ phase incr(_eased with increase of amount of Ca for
AINtr X = 1.0 compositions.
BCM42 0.6 04:02 3223 320 993  do'fs,alvw In Caw’ work [9], the relationship between the ex-
CCM37 1.0 03:07 3.259 323 991 «J'fs pansion of cell dimensions ef and actuak value was

coM7a 10 07:03 3277 321 680 ,/A”\/‘;I/,{l‘)}"’ established and figured out. As Chis the main cation
‘ B ‘ © «B AW to entew’ structure in Ca,Mgy/, this relationship could
3AIN'=Mg AIN-polytypoid, s=strong, m=medium, w=weak, P€ roughly used to estimate the amount of catios'in

vw = very weak, te=trace. To simplify, the cell volumes o’ were used in the
relationship instead of cell axa andc. As shown in

TABLE Il Lattice parameters of Ca,Mg- Fig. 1, the solid circles in the figure represent the cell

. . < volumes of Cax’ for the different actual compositions.
No. Sample aA) oA VA For the compositions with the atomic ratio of Ca to
1 BCM24 7.7980(5) 5.6661(5) 208.39 (Ca—l—Mg) to be around 0.3, i.e. BCM24 and CCM37,
2 BCMm3310! 7.8022(7) 5.6652(6) 298.66 the corresponding actualvalues obtained from Fig. 1
3 BCM42 7.8050(6) 5.6765(7) 299.43 were about 0.31 and 0.43. These values were about
. e 7768217870((54)) :fgfé(g‘)) 30055 55% and 42% higher than the nominal ones 0.2and 0.3
6 COMT3 7.8286(4) 5.6025(6) 30214 (@mount of Ca) for compositions BCM24 and CCM37

respectively. On the other hand, when the atomic ratio
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Figure 1 Cell volume vs. actuat value of Cae’ [9] and the results used
for Ca,Mge«’.

of Ca to Mg was equal, the estimated actwalalues
of 0.32 and 0.49, obtained from Fig. 1 for BCM33 and
BCM55 respectively, were very close to the nominal
compositions. With increasing the atomic ratio of Ca to
Mg, the actual numbers of cation to entéérvere lower
than nominal values, especially for CCM73, as the val-
ues obtained by Fig. 1 to be around 0.37 and 0.51 for
BCM42 and CCM73 respectively. This was attributed
tothe less liquid formed during sintering in BCM42 and
CCM73, which can be illustrated by the lower densi-
ties of BCM42 and CCM73 than BCM24 and CCM37
respectively. As mentioned above that for the composi-
tions with lower atomic ratios of Cato Mg, like BCM24
and CCM37, the increment in lattice parameters/of
was obvious. Consequently, the estimated actwall-

ues were much higher than the normal value for cation
Ca" ™ in the compositions. It was therefore considered
that the cation, which was actually incorporated into
o', were composed of most of €a and part of Mg .

The results also imply that this kind of composition with
low atomic ratio of Ca to Mg is beneficial to improve
the sintering ability of the materials and to absorb mor
cations intax’ structure.

eFigure 2 SEM micrographs of (a) BCM24 and (b) BCM42, both photos
Wwere taken on etched surfaces, (c) fractured surface of BCM24.

morphology ofx’ grain was observed between BCM24

3.3. Microstructure and mechanical and BCM42. The longest grain observed was around

properties 5 uminlength, however, most of elongated grains were
The microstructures of the etched surfaces of BCM24etween 2—4.m with aspect ratio of 2-3 as seen in
and BCM42 were observed as shown in Fig. 2a and b. Iig- 2. The fractured surface of BCM24 was observed
can be seen from the figures that most of grains have théee Fig. 2c) and the photograph also showed the elon-
morphology of elongated shape. As the phase composg@ated morphology and pulled out af grains as the
tions in two samples are mainly composedbphase, ~fractured samples were obtained after the measurement
the elongated morphology in the materials belongg to  Of flexural strength. _
grains. In the resent yeats,grain with elongated mor- ~ The mechanical properties of Ca,Mg-at 1750C
phology has been reported by several literatures [9, llare I|StEd In Table Il. As |nd|Cated, the hardness was
16] and it was found that in the M-Si-Al-O-N (M rare
earth and Ca) systems, the liquid phase promoted thBABLE 111 Mechanical properties of Ca,Mg- hot pressed at
formation of elongated’, which meant that’ with ~ 1750C/1h

olonga’red morphology occurred ea_lsily forthe ComPOSi'SampIe Hyo (GPa) K1c (MPamY/2) of (MPa)
tions with highx value lying on the line betweensbi,

and CaO: 3AIN or RO3:9AIN (R =rare earth). The BCM24 18.6 6.1 590
microstructure showing in the present work indicated®cM42 18.0 5.7 -
thate’ grain could develop into aciculate morphology Sor o o -

in Ca,Mg+«/, even like BCM24 and BCM42 with a
relatively low x value 0.6. No obvious difference in 2Not measured.
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relatively higher for the compositions with loxwalue  x (to be 0.6) in multi-cation Ca,Mg<. An o’ ceramic
than highx value, which could be considered as a re-with combined high hardness 18.6 GPa and toughness
sult of the decrease of liquid phase for the composition$.1 MPamY? was obtained. It shows that the best way
with low x value. On the other hand, toughness did notto increase the fracture toughness is not through in-
obey the general trend as in Ca- and CaM{pB, 9], in  creasing liquid phase, which will sacrifice the other
which toughness increased with the composition shifproperties, and should be to optimize compositions so
towards highx value because of more elongatédind  proper as to make a better sintering ability and less
AIN-polytypoid contained. Among BCM24, BCM42, amount of grain boundary in Ca,Mg- It is also ex-
CCM37 and CCM73 samples, BCM24 possessed thgected that the mechanical properties of multi-cation
highest toughness 6.1 MPal/2 as seen from Table I, could be tailored through the adjustment of the molar
which was attributed to the contribution of better sin-ratios of oxides in the starting compositions.

tering ability and toughening of elongated grains.

The flexural strength of BCM24 was also measured

and the corresponding value was 590 MPa. The resultAcknowledgements
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