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When 1 atm He instead of O2 was used during firing, sintered 
density reached only 95% theoretical density, and no trace of a PbO 
phase was found in the sample. Thus the lower the oxygen partial 
pressure in the sintering atmosphere, the greater the PbO loss from 
the sample and the less effective is the liquid-phase sintering pro- 
cess. 
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The AI2O3-Si0,-ZrO2 Liquidus Surface: A Discussion 

CHARLES C. SORRELL* and CHARLES A. SORRELL* 

PHASE equilibria for the system Al,03-SiOz-Zr02 are important for 
the interpretation of equilibrium or nonequilibrium crystallization 
in sintered and fused ASZ refractories and of their behavior in 
service. The only reported ternary liquidus surface data’ are not 
consistent with liquidus temperatures reported for the binary sys- 
tems and should be modified accordingly. 

The essential feature is the ternary eutectic at == 1800°C and 53 
A1203, 17 SO,, and 30 wt% ZrO,, with uncertainty estimated at 
k 2 . 5  wt% for each. Mullite is shown as an incongruently melting 
compound and Al,O,-ZrO, and SiO,-ZrO, are shown as simple 
eutectic systems. No primary crystallization field is shown for 
zircon and the only subsolidus join is between mullite and ZrO,, 
indicating that zircon dissociates in the solid state to ZrO, and SiO,. 
In the high-alumina portion investigated, the isotherms are at con- 
siderable variance with binary data and the inferred isotherms for 
the remainder of the system are totally unrealistic. 

The systems Si0,-ZrO, and A1,0,-SiO2 have been studied exten- 
sively; fortunately, detailed summaries of these studies are avail- 
able and can be used for suggesting modifications of the ternary 
system. Butterman and Foste? combined previous data with their 
own dissociation studies to propose a diagram for the system Si0,- 
ZrO, which shows solid-state dissociation of zircon at 
1676“k7OoC, liquid immiscibility, and a binary eutectic at -95 
wt% SO,,  1687°C. 

The system AI,O,-SiO, has long been problematical, particularly 
with regard to the compositional range and melting characteristics 
of mullite. The diagram of Aramaki and Roy3 shows that mullite 
melts congruently at = 1850”C, with eutectics at =94 wt% SO,,  
= 1590°C and -22 wt% SiO,, = 1840°C. 

A considerably more detailed study of stable and metastable 
equilibria in the system AI,03-Si0, has recently been reported by 
Aksay and Pask? who showed that mullite melts incongruently at 
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Fig. 1. 
based on binary data of Refs. 2, 5, and 4. 

Hypothetical liquidus surface for the system AIzO,-SiO,-ZrO,, 

1890. ZrO. 
2100- 

Fig. 2. 
based on binary data of Refs. 2, 5,  and 3.  

Hypothetical liquidus surface for the system A1203-Si02-Zr0~, 

1828”k 10°C, with the peritectic at =48 wt% SiO, and the eutectic 
at = 9  wt% SO, ,  1587”k 10°C. Metastable equilibrium curves, 
showing the effects of superheating and supercooling, indicate, in 
general, the reasons for previous disagreement. 

Alpe? melted 16 samples in an induction furnace, using an Ar 
atmosphere and setters having the same compositions as the sam- 
ples, to prepare a diagram of the system Al,O,-ZrO,. The eutectic 
was placed at -40 wt% ZrO,, = 1880°C, with limited solid solu- 
tion inferred. 

If i t  is assumed that equilibria are correctly represented by the 
binary data of Butterman and Foster: Aksay and Pask: and Alper,’ 
the hypothetical diagram shown in Fig. 1, with both a ternary 
peritectic and eutectic in the rnullite-SiO,-ZrO, triangle, is a better 
representation of the melting characteristics of the system than is the 
diagram of Budnikov and Litvakovskii.’ If, however, it is assumed 
that mullite melts congruently, as indicated by Aramaki and Roy: 
and as indicated in the metastable diagram of Aksay and Pask,4 the 
hypothetical diagram shown in Fig. 2 differs from that of Budnikov 
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and Litvakovskii' only in detail in the high-alumina portion. 

In either case, the severe decrease in melting temperatures and 
deformation ranges caused by the addition of alumina to zircon, as 
reported by Rea,6 is adequately explained. The trough shown in 
Rea's cone fusion diagram does not coincide with the boundary 
between the crystallization fields of ZrO, and mullite, but because 
pyrometric cone equivalents are a function of viscosity as well as 
percentage of liquid, this behavior does not seem unreasonable. 

It should be noted that the ternary eutectic in the high-SiO, 
portion of the systemis below the reported dissociation temperature 
of zircon? Depending on the effect of A1,0, on the dissociation 
temperature, therefore, there may be a zircon crystallization field 
which does not extend to the binary system Si0,-ZrO,. In any case, 
metastable behavior in both systems, AI2On-SiO2 and SiO,-ZrO,, is 
such a strong possibility that equilibrium crystallization is an ideal 
not likely to be attained. 
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The Binary Phase Diagram KN0,-K,Cr,O, 

PHUC NGUYEN-DUY and EDNA A. DANCY* 

THE phase diagram of the binary KN0,-K,Cr,07 system' shows a 
simple eutectic at composition X ,  Cr = 0.365 and T =  264°C. A 
cooling curve performed recently dunng some experiments requir- 
ing the use of low-melting eutectics showed anomalous behavior of 
the temperature for the liquid= solid transformation at the supposed 
eutectic composition, suggesting an error in this composition. 
Therefore, the liquidus of the binary solution was determined ex- 
perimentally, using the cooling curve method. 

Reagent-grade KNO, and K2Cr,07 salts in the required propor- 
tions were ground together in a mortar and placed in a tubular 
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Fig. 1. 
the results of (0) present work, ( W )  Ref. 2, and (____)  Ref. 1 .  

Phase diagram of KNO,-K,Cr,O, system; data points g ive  

heat-resistant glass* crucible 3.5 cm in diameter. A charge of 45 g 
was used. The crucible and its charge were suspended in a vertically 
mounted tube furnace and heated in a slow stream of Ar to the 
desired temperature, which is = 50°C above the melting points of 
the pure salts. For intermediate compositions, this temperature lay 
on the line joining these 2 points. The crucible was held at the 
selected temperature for 10 to 15 min to allow melting and 
homogenization of the solution before the cooling curve was deter- 
mined. The temperature was measured by a sheathed Chromel- 
Alumel thermocouple placed in the melt. Since the furnace was not 
insulated, the power input was adjusted to give a relatively slow 
cooling rate ( ==5"C/min) which was recorded as T vs t .  Problems of 
supercooling were reduced by slight agitation of the melt. 

From the T-vs-t traces, it was possible to determine for each 
composition investigated the liquidus, the presence or absence of a 
solidus, and the temperature of the univariant line corresponding to 
the eutectic point. The precision of these graphical determinations 
was of the order of k2"C. 

Measurements were made on the pure salts and on 7 solutions. 
The results are summarized in Table I. These values and the re- 
ported melting points for the pure salts (337" and 394°C for KN03 
and K2Cr207, respectively') were used to construct the corrected 
diagram, which is shown in Fig. 1. The eutectic composition has 
been determined to be at 19.0 mol% K,Cr,O,. 
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Table I. Experimental Data for Binary KN03-K2Cr207 System 
X%L-~,O, (mole fraction) 

0 0.100 0.153 0.190 0.206 0.262 0.321 0.365 0.515 0.60 0.70 1.0 
Temp. ("C) 

T r i p  336 302 274 258 267 275 290 300 329 350 362 393 
272 299 

301 

259 260 
260 260 258 260 260 260 260 259 258 260 
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