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Both chloride-free (amorphous, group A) and chloride-containing (crystalline, group B) 
Zr02-8.1 mol % MgO powders produced by means of gelatinized coprecipitation have been 
calcined at 450 to 1 450°C and characterized by differential thermal analysis/thermal gravi- 
metric analysis, X-ray diffraction, electron microscopy, and infrared spectroscopy. For both 
groups A and B, the powder density, chloride content, crystallite size, crystallization tempera- 
ture, and the initial temperature for metastable tetragonal-to-monoclinic (Tm - '  M) transfor- 
mation decrease with increasing concentration of NH4OH with which samples were prepared. 
High-temperature tetragonal-to-cubic transformation of group B also revealed the same 
relationship, but the inverse for group A. An explanation based on the nature of the Zr-O 
bond and internal strain have been proposed for both transitions. In addition, it is also found 
that silica can inhibit both transitions and raise the critical crystallite size for m m --~ M tran- 
sitions, but water vapour and chloride have the inverse effect on the Tm ~ M transition. 

1. Introduction 
Although extensive investigations have been made over 
the last half century, zirconia still remains an interest- 
ing subject for ceramic researchers because of its great 
industrial and scientific uses. The most notable 
property of zirconia is the phase transition. It has been 
confirmed that the high-temperature transformation 
between the tetragonal and monoclinic phases is 
martensitic [1]; the transition between tetragonal and 
cubic, on the other hand, has also been suggested as 
martensitic [2, 3]. For low-temperature transition, 
most studies have focused on metastable tetragonal to 
monoclinic phase; only a few works have been done 
on metastable cubic to monoclinic or tetragonal phase 
[4-6]. The existence of a metastable phase at room 
temperature is decided by the method of powder 
production. Clark and Reynolds [7] have shown that 
the low-temperature tetragonal form of zirconia is 
probably identical in structure with the form which is 
stable between 1000 and 1900°C. Much work has 
been done in order to explain the source of the meta- 
stability of the tetragonal phase [8-12]; nevertheless, 
unanimous interpretation has not yet been established. 

The application of pure zirconia ceramics is restric- 
ted due to extensive microcracking caused by the 
anisotropic volume expansion accompanying tetra- 
gonal to monoclinic transition. One solution to this 
problem is to form solid solutions or "alloys" of cubic 
zirconia, thus partially stabilized zirconias (PSZ) have 
found their place and have been extensively investi- 
gated. However, most authors focused their studies on 
thermal and mechanical properties, and research on 
phase transition of PSZ is rare, especially for the 
low-temperature transition. The present work aimed 
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at a study of the thermal transformation in MgO-PSZ 
which is derived from gels. The effects of hydrolytic 
conditions were observed, and the differences in tran- 
sition were explained. There are two similar works 
which have been published by Crucean and Rand [13] 
and Yoldas [14, 15]. Both groups have shown the 
significant differences in the ZrO2 structure as a func- 
tion of water of hydrolysis or PH value used in the 
preparation of powders, and thus induce differences in 
phase transformation, sintering, and crystallization 
temperature. Nevertheless their attention was still 
towards the pure ZrO2, and the MgO-ZrO2 system 
remained uninvestigated before the present work. 

2. Experimental procedure 
2.1. Preparation of samples 
The samples were prepared essentially following the 
method developed by Viechnicki and Stubican [16] 
but with some modifications for the present work. 
Table I lists all sample labels and their conditions 
for preparation. An asterisk denotes chloride-free 
samples. ZrO2-8.1 mol % MgO gels were produced 
by hydrolysing ZrOC12"8H20 (Merck 8917, Pro 
analysi; West Germany) and Mg(NO3)2"6H20 
(Riedel-deHa~n 31415, fiir analyse, West Germany) 
in methanol with excess NH4OH (The Chemical 
Industry Institute of ITRI, semiconductor grade, 
ROC). Half of the as-formed gels were washed in turn 
with 0.2 N NHnOH and deionized water until chloride 
could not be detected with 1 M AgNO3 aqueous sol- 
ution. The chloride-free gels were then dried in 
vacuum (for 58 h) and ground to amorphous powders. 
The residual gels were calcined at 450 ° C in air for 24 h 
after drying at 100 to 110 ° C, and then air quenched 
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T A B L E I Magnesia partially stabilized zirconia samples 

Concentration Chloride-containing gel Chloride-free 
of NH4OH (450°C calcined powder) gel (powder) 

15.35N A A* 
8N B B* 
2N C C* 
0.6N D D* 
0.2N E E* 
15.35N + F F* 

2 wt % SiO 2 
15.35 N G (vacuum dry sample without washing) 

and ground to powders. These calcined powders are 
crystalline and chloride-containing tetragonal phase. 

Additional SiO2 and NH4Cl-containing samples 
have been prepared by the same method except that 
the SiO2 was added to a solution of ZrOCI2 " 8H20 
and Mg(NO3)2 • 6H20 before addition of NHgOH to 
produce the SiO2-containing sample (F and F*), and 
the gel was dried in vacuum directly, without remov- 
ing any NH4C1 to produce the NH4Cl-containing 
sample (G). The SiO2 powder was prepared according 
to the paper of Sacks and Tseng [17], and the amount 
of addition were 2% based on the weight of ZrO2 in 
Mg-PSZ. 

2.2. Calcination 
All samples listed in Table I were placed in alumina 
crucibles and calcined in static air at selected tempera- 
tures (450 to 1450 ° C). Calcination was performed in 
a tubular quartz furnace (Model MB-71, Mini-Brute 
Diffusion Furnace, Thermo Products Co., California, 
USA) for 450 to 1150°C, and a box furnace (Model 
840959-1, C and M Inc, New Jersey, USA) for 1250 to 
1450 ° C. Samples were quickly placed in the furnace 
when the required temperature had been attained, and 
subsequently air quenched to room temperature after 
2 h calcination. 

An additional calcination in H20(g)/N2(g) atmos- 
phere at 450, 600 to 1100°C was done to samples A 
and A* which were put into the furnace when the 
steam had been generated stably. The steam was pro- 
duced by a steam generator where water was heated to 
boiling point and brought into the furnace by 
nitrogen. The flow rate of nitrogen was 2.94 lmin 1, 
and water was consumed at about 350ml h -1 . 

2.3. Characteristic analysis  
The chloride content of chloride-containing samples 
were analysed by the argentometric method [18], 
and the powder density was determined by using 
Stereopycnometer (Quantachrome, New York, USA). 
All chloride-free samples were analysed by differen- 
tial thermal analysis (DTA) (Model 5000, Ulvac, 
Yokohama, Japan) and thermal gravimetric analysis 
(TGA) at a heating rate of 10 ° C min -~ in static air. 
Both DTA and TGA experiments were simultaneously 
carried out up to 1100°C against ~-A1203 reference, 
and the heat effect was based on an R-type thermo- 
couple. 

X-ray diffraction (XRD) (Model XC-60, Toshiba, 
Tokyo, Japan) powder patterns for phase identifica- 
tion were obtained using nickle-filtered CuK~ radiation 
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Figure 1 Calibration curve determined from standard mixtures 
composed of monoclinic and tetragonal phase derived from the 
calcined Mg-PSZ gels. 

with a scanning rate of 1 ° min 1. An infrared spec- 
trum (Model 260-50, Hitachi Ltd, Tokyo, Japan) was 
used to assist in phase analysis. Crystallite size was 
calculated by using the (1 1 i)m and (1 1 1)t diffraction 
peaks from the Sherrer relationship [19], 

0.9,~ 
Dhk ~ = (1) 

fl~/2 cos 0 

where Dhkt is the crystallite size based on the ( h k l )  
reflection, 2 the radiation wavelength, fl the corrected 
half-width obtained by using the (1 0 1) peak of low 
quartz as the standard and the Warren's formula, and 
0 the Bragg angle. The phase ratios between meta- 
stable tetragonal and monoclinic phase, monoclinic 
and cubic phase in the coexistence region were cal- 
culated by considering the intensity of the (1 l 1)m , 

(1 1T)m , ( l l l ) t  and (1 1 1)o reflections using the 
equations below [20]: 

Zm(1 1 1) + &(1 l T) 
fm = ira(1 1 1) + Ira(1 1 1) + It(1 1 l )  (2) 

I~(1 1 1) 
fc = Im(1 1 1) + Ira(1 1 T) + Ic(1 1 l) (3) 

where fm and f~ are the fractions of monoclinic and 
cubic phase, respectively, and Im(1 1 1), I m(1 1 T), 
I t ( I l l  ) and Ic(1 1 !) denote the intensity of the 
(1 1 1)m, (1 1 1)m, (1 1 1)t, and (1 1 1)c diffraction peaks, 
respectively. However, Evans et al. [21], have shown 
that errors of up to 20% can be made by using 
Equation 2 to calculate the amount of monoclinic and 
tetragonal phase present. To avoid these errors, the 
calibration curve as shown in Fig. 1 was applied to 
obtain the actual amount of monoclinic and tetra- 
gonal phase present. This calibration curve was 
obtained from a set of standard mixtures composed of 
monoclinic and tetragonal phase derived from the 
calcined Mg-PSZ gels we prepared and the detailed 
preparation procedure is similar to that given in [21]. 



v 

r~ 

Y 

(455) 

472 ! ~ , 

468 J 

450 

F ~ 

D* 

E* 

(436) 

20 260 ~6o ' 6~o 8~o lobo 
Temperature (o C) 

Figure 2 Different ia l  t he rma l  analys is  results  on chlor ide-free gels 

(Tp = t empera tu re  of  exo the rmic  peak;  T c = crys ta l l iza t ion  tem- 

perature) .  

In addition, the character of the gels and calcined 
samples has also been observed using transmission 
electron microscopy (TEM) (Model H-600, Hitachi 
Ltd, Tokyo, Japan). 

3. Results and discussion 
3.1. Characterization of starting materials 
Fig. 2 shows the DTA results of chloride-free samples. 
The numerical values in parentheses denote the crys- 
tallization temperatures (To). Both Tp and Tc decrease 
with increasing concentration of NH4OH except for 
sample F*. For the present study, the method of gel 
formation regarded as being an hydrolysis reaction by 
considering the possible forms of reactants in the 
solvent, i.e. the reaction may be described as follows 
(unbalanced): 

there are no free NH + ions in the soaking solutions of 
the chloride-containing samples, and the soaking sol- 
utions of samples A, B and C are weak basic but 
neutral or acidic for the others. Combining the results 
above, it implies that chloride cannot be removed 
completely at 450 ° C although the decomposition tem- 
perature of NH4C1 is only 350 ° C, and chloride ions 
should be adsorbed chemically onto ZrO2 (MgO) 
rather than exist as NH4C1. The lower concentration 
of NH4OH favours adsorption of chloride ions which 
rendered the difference in chloride content. 

Gels produced under higher NH4OH concentra- 
tions, on the other hand, have been considered to be 
an ass.embly of linear or planar polymerized particles 
which have a larger pore volume and pore size because 
of coagulation prior to sedimentation during prep- 
aration. A similar phenomenon has been observed on 
ZrO 2 gels prepared at various pHs [13], and on silica 
prepared by hydrolysis of alkoxide [15]. The differences 
in powder density as shown in Fig. 3 are possibly a 
result of the state of the gel. In addition, the chloride 
content and powder density of the SiO2-containing 
sample (sample F) as shown in Fig. 3 are higher than 
samples not containing SiO2 which are produced 
under the same concentration of NH4OH (15.35 N). 
For this case, the higher density is possibly attributable 
to the small ionic radius of silicon which would lead 
silicon to enter the interstitial site of the ZrO2 lattice 
after calcination at 450 ° C, and the high chloride con- 
tent is probably due to Si-C1 bonding stronger than 
Zr-C1, i.e. the extra chlorides are attributed to the 
presence of Si-C1 groups. 

The transmission electron micrographs of gels and 
calcined powders produced from 15.35 N NH4OH are 
shown in Fig. 4, and a similar appearance has been 
observed for other samples. There is no definite shape 
and size for the as-formed amorphous gels (Fig. 4a). 
The particles heat-treated at different temperatures 
show differences in morphology and appear smoother 
and to have more clear-cut surfaces at higher calci- 
nation temperatures (Figs 4b to f). This may be due to 
the surface mobility of ZrO2 increasing with increas- 
ing calcination temperature. The crystalline size of the 
chloride-containing sample after calcination at 450 ° C 
lay in the range 7 to 11 nm which is consistent with the 
results of XRD as shown in Fig. 5. The sample cal- 
cined at 1450° C appeared to have large agglomerates 
(Fig. 4f). 

ZrOC12 + NH4OH --+ (ZrO2" MgO)-xH20 q- NH~ + C1- + NO~- 

Mg(NO3)2 ~ 450°C 

t-ZrO2(MgO) + H20(g) 

where x varied with the conditions and methods 
employed for drying, and the dried gels before calci- 
nation at 450 ° C were considered hydrous, as pointed 
out by Blumenthal [22]. 

The powder density and chloride content of 
chloride-containing samples descrease with increasing 
concentration ofNH4OH , as shown in Fig. 3. Accord- 
ing to a qualitative analysis, it has been found that 

3.2. Transformation between metastable 
tetragonal and monoclinic phase 

Table II gives phase analysis and ratio investigations 
for the chloride-containing gels at different heat- 
treatment temperatures. Fig. 6 shows the XRD pat- 
terns of samples after calcination at 700 and 850 ° C. 
These results are consistent with infrared spectra. It is 
found that the sequences of transition of metastable 
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T A B L E  II  Detectable phases and transition ratios in calcined Mg PSZ by X-ray diffraction 

Calcination 
temperature 
(of) 

A B C D E F G 

No further T T T T T T A 
calcination 

700 T T T T T T T 
750 T T T W + M(?) T + M T T 

(0.144) (0.200) 
800 T + M  T + M  T + M  T + M  T + M  T T +  M 

(0.299) (0.380) (0.282) (0.263) (0.161) (0.317) 
850 M ÷ T  M + T  M ÷ T  T + M  T + M  T T +  M 

(0.913) (0.915) ((0.853) (0.548) (0.288) (0.353) 
900 M M M + T(?) M + T T + M T M + T 

(0.981) (0.844) (0.584) (0.791) 
950 M M M M + T  M + T  T + M  M 

(0.967) (0.925) (0.277) 
1000 M M M M M M + T M 

(0.863) 
1150 M M M M M M M 
1250 M M M M M M - 
1350 M M M M M M - 
1450 M + C M + C M + C M + C M + C M ÷ C(?) - 

(0.667) (0.660) (0.610) (0.567) (0.485) (0.056) 

A = amorphous,  T = metastable tetragonal, M = monoclinic, C = cubic, ? = uncertain. The numerical values in parentheses are the 
approximate ratios of  M / M  + T and C/M + C. 

tetragonal to monoclinic phase are identical for both 
chloride-free and chloride-containing samples. The 
sequences of the transition for chloride-free samples 
and for chloride-containing samples are observed to 
decrease in the order A* ~ B* > G > C* ~ D* 
E* > F * a n d A  > B > C > D > E > F, respect- 
ively. 

Considering initially the chloride-free samples, the 
gel produced from high NHgOH concentrations has 
an incompact texture with a larger pore volume and a 
higher surface area, as discussed previously. There- 
fore, compared with its surroundings, a more energetic 
state appears during calcination because of  the extra 

energy supplied by the decreasing surface area, and 
the rate of transition will speed up when the trans- 
formation is isothermal. In addition, it is plausible 
that an incompact structure will undergo a smaller 
internal strain during calcination, which is favoured 
for the Tm ~ M transition. This argument is similar 
to the interpretation of  Crucean and Rand [13] of  the 
stabilization of t-ZrO 2. 

The associated effects of internal strain and surface 
energy are reflected in the infrared spectra. In the 
present work, a normal Z r - O  mode absorption of 
tetragonal M g - P S Z  is 480cm -1, 510 to 515cm -I for 
monoclinic phase, and 450 cm-~ for amorphous gels. 
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Figure 4 Transmission electron micrographs of samples (15.35 N NH4OH ). (a) As-formed gel, (b) vacuum-dried gel (sample A*), (c) 450 ° C, 
24 h calcination (sample A), (d) 700 ° C, 2 h calcination (sample A), (e) 800 ° C, 2 h calcination (sample A), (f) 1450 ° C, 2 h calcination (sample 
A). 

Previously, Livage et al. [9] have shown both Z r - Z r  
and Z r - O  distances for amorphous ZrOz are the same 
as metastable tetragonal phase; however, the Z r - O  
distance is different for M g - P S Z .  As shown in Fig. 7, 
the Z r - O  absorptions for the same group of  samples 
calcined at the same temperature (700 ° C) shift to 
higher frequency with increasing NH4OH concentra- 
tion used in preparat ion of the samples. Similarly, the 
absorption for the same sample also shifts to a higher 

frequency when the calcination temperature is raised. 
Since the absorption frequency may be considered to 
represent the bond strength or length, it should shift to 
a higher frequency as the bond is compressed. It  is 
necessary that energy must be supplied to shorten a 
chemical bond, and the more energetic or smaller the 
internal strain of  the sample, the larger is the contrac- 
tion of  the Zr O bond and the easier is transition. In 
brief, the different extents of  phase transition of  
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chloride-free samples may result from the differences 
in (1) the surface area of  the gels, (2) internal strain 
during calcination, and (3) different compressibility of 
the Zr O bond of amorphous Mg PSZ. 

The phase transition sequence of chloride-containing 
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Figure 6 XRD patterns of Mg PSZ powders calcined at selected 
temperatures (the reflections correspond to (I 11)m, (1 I 1)t and 
(1 I 1)m from right to left, A*H = sample A* calcined at H20(g)/ 
N2, AH = sample A calcined at H20(g)/N2). 
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Figure 7 Infrared transmission spectra of Mg-PSZ powders cal- 
cined at 700 ° C, 2 h. (a) chloride-free samples, (b) chloride-contain- 
ing samples. 

samples, as pointed out previously, is similar to 
chloride-free ones. Therefore, the difference in tran- 
sition has also been attributed to the same reasons, 
according to the facts that all Z r - O  absorptions are 
identical for the same group starting materials (450 
and 470cm 1 for chloride-free and containing 
samples, respectively), and similar infrared and XRD 
results were obtained. A feature in this group is that 
the crystallite size of  the tetragonal phase (starting 
materials) increases with decreasing concentration of 
NH4OH (as shown in Fig. 5), and which should result 
from the difference in the texture of gel, i.e. the denser 
the gel the larger the crystallite size. The effects of 
crystallite size on transformation has been pointed out 
by Garvie [23], and is consistent with the sequence of 
Tm ~ M transformation in the present work. One 
major difference in phase transition between chloride- 
free and chloride-containing samples is that the tran- 
sition temperature or rate of  the latter is lower than 
the former, for samples derived from 2N, 0.6N, and 
0.2 N NH4OH (C-C*,  D - D * ,  E-E*) ,  but the reverse 
for the others (G, A-A*, B-B*).  A probable expla- 
nation is given by Osendi et al. [12], i.e. T m ~ M 
transition takes place by the elimination of defects 
which arise from the evolution of volatile impurities, 
and larger amounts of impurities are favoured for 
transition. Therefore, explanations for the present 
case are probably: (1) the total amount of impurities 
for samples C, D, and E (sum of C1 and OH groups) 
is more than that of  C*, D* and E* (OH group only), 
but the inverse for samples A, B, and G; (2) the 
presence of chlorine has lowered the critical crystallite 
size because the HC1 evolved to the gas phase is easier 
than H20. Garvie [8] has shown that the surface 
energy of monoclinic ZrO2 is greater than that of the 



tetragonal phase, so that the decreasing critical crys- 
tallite size of the Tm ~ M transition is to be expected. 
Indeed, decreasing critical crystallite size of the 
Tm --* M transition has been observed in the present 
work, and the difference is about 10 to 15 nm. 

The influences of water vapour and silica on the 
T m ~ M phase transition have been observed and are 
shown in Fig. 6. As observed by Murase and Kato [24] 
in the phase transformation of ZrO2, water vapour 
also promotes the T m ~ M transition of Mg-PSZ 
(see A-AH and A*-A*H in Fig. 6). In fact, transition 
temperatures of A and A* under an H20(g)/N2 atmos- 
phere have been observed at 600 and 700 ° C, respect- 
ively, and a reduction on the critical crystallite size has 
been found. On the other hand, the transition tem- 
peratures of silica-containing samples F and F* are 
150 and 200 ° C higher than those of A and A*, respect- 
ively. An inhibition of the normal T m ~ M transition 
had been suggested by Clark and Reynolds [7] because 
a keying action was exerted by silica on ZrO2. For the 
present work, the keying action has been considered to 
stem from the induction of strains by silica which is 
located at interstitial sites of the ZrO2 lattice and 
therefore stabilized the tetragonal Mg-PSZ. In addi- 
tion, it is found that both growth of tetragonal and 
monoclinic crystals can be inhibited by the presence of 
silica. 

3.3. Formation of cubic phase 
The XRD patterns and infrared spectra after 2 h cal- 
cination at 1450°C are shown in Figs 8 and 9. The 

cubic phase appears up to 1450°C for both chloride- 
free and chloride-containing samples. The phases 
present at 1450°C should be tetragonal and cubic 
phases in coexistence taking into account the phase 
diagram [16, 25]. However, only a mixture of mono- 
clinic and cubic phase was obtained in present case. 
Heuer [26] and Porter and Heuer [27] have shown that 
c-ZrO2 (ss) decomposed into c-ZrO; (ss) and t-ZrO2 
(ss) after ageing a t  1400 to 1500 ° C, and t-ZrO2 will 
transform to the monoclinic phase spontaneously if 
the size of the tetragonal plate exceeds a critical value 
(0.2/~m for Mg-PSZ [26]). Thus the formation of a 
mixture of cubic and monoclinic phases after quench- 
ing from 1450°C is reasonable in the present work. 

The rate of formation of cubic phase at 1450 ° C is 
found to be in the following sequences: E* ~ D* ,,~ 
C* > B* ~ A* > F* and A > B > C > D > 
E > F. Sample F* has not transformed to cubic 
phase and sample F has an uncertain (~  5%) amount 
of transformation. To explain this significant dif- 
ference in phase transformation between the two 
groups of samples, two transformation paths are 
proposed: A ~  [Tm]--*[M] ~ [T]  ~ T  + C for 
chloride-free samples and T m ~ T ~ T ÷ C for 
chloride-containing samples, where A, T, Tm,  M and 
C denote amorphous, high-temperature tetragonal 
phase, metastable tetragonal phase, monoclinic phase, 
and cubic .phase, respectively. The bracket indicates 
an intermediate state which forms and disappears 
rapidly. For chloride-free samples, it is possible that 
samples derived from higher NH4OH concentrations 
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Figure 9 Infrared transmission spectra of  M g - P S Z  calcined at 
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971 



will transform easily into the monoclinic phase (with 
a smaller internal strain during calcination), therefore 
the rate of formation of high-temperature tetragonal 
phase is slower and thus leads to a smaller amount of 
tetragonal and cubic phase by considering the equilib- 
rium between the cubic and tetragonal phase. There- 
fore the [M] ~ [T] transition is the rate determining 
step for the formation of the cubic phase. On the other 
hand, the initial chloride-containing materials are 
metastable tetragonal phase, so that only a negligible 
amount follows the T m --* [M]--+ T path and the 
main parts follow the T m --+ T path by considering the 
structural similarity. In other words, samples derived 
from higher NHgOH concentrations will convert easily 
to the cubic phase because of a smaller internal strain 
in the starting materials. 

As shown in Fig. 8, it has been found that the 
amount of cubic phase in chloride-containing samples 
is more than in chloride-free samples, i.e. the former 
has a faster transition rate. This difference may be 
attributed to (1) omission of intermediate steps, and 
(2) HC1 evolved to the gas phase is faster than H 2 0  

which probably favours transition. 
As in its influence on the Tm ~ M transition, silica 

also inhibits the tetragonal-to-cubic transformation. 
The inhibitive ability has been attributed to the forma- 
tion of magnesium silicates which are thermody- 
namically more stable at high temperatures and thus 
lower the effective content of MgO on raising the 
transition temperature. 

4. Conclusions 
1. The properties and structures of ZrO2-8.1 mol % 

MgO gels are strongly affected by the preparation 
conditions. A gel produced from dilute NH4OH sol- 
ution has a smaller pore volume and pore size, which 
results in a denser, high chloride and rigid calcined 
powder. 

2. The samples derived from higher NH4OH con- 
centrations have a lower crystallization temperature 
and faster rate of T m --~ M transformation. The dif- 
ference in transformation has been attributed to the 
difference in surface energy and internal strain during 
calcination, which leads to the difference in com- 
pressibility of the Zr -O bond of the amorphous and 
starting metastable tetragonal materials. 

3. For chloride-containing samples, the rate of 
tetragonal-to-cubic transformation at 1450°C is 
increased with increasing NH4OH concentration used 
in the preparation of samples, but the inverse sequence 
is true for chloride-free samples. The difference in 
phase transformation between both groups is attri- 
buted to the probable different transition paths. The 
difference in transformation within the same groups 
has been interpreted by considering the effect of 
internal strain which is favoured for stabilization of 
the tetragonal phase. 

4. The T m --* M transition of Mg-PSZ was pro- 

moted by water vapour and chlorides, but inhibited by 
SiO2. In addition, the T -.  C transition is also inhi- 
bited by SiO2. 
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