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SCHREINEMAKERS DIAGRAMS OF QUINARY SYSTEMS WITH K+2 PHASES: 

A SYSTEMATIC CLASSIFICATION 

KONSTANTIN MARIOLACOS' 

ABSTRACT 

In the present study, a systematic classification of the Schreinemakers diagrams for quinary systems with 
K+2 phases is undertaken. The indifferent phases of the respective systems are also considered. In doing so, the 
same characterization already applied in the Schreinemakers diagrams of quaternary systems is used. In addi
tion, as an application of the above classification, the theoretical treatement of the system KMASH is under
taken. 
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1. CLASSIFICATION AND CHARACTERIZATION 

In his pioneering work on P-T-diagrams, which also carry his name, Schreinemakers (1915-25) considered only 
the general cases of the quinary systems. In this way he found a total of eight different cases following his principle 
of the odd number of the bundles of the monovariant reactions in the respective system. As he has not made any 
systematical classification of the so called indifferent phases, it is the primary intention of the present study to do 
so. The same art of the classification that Mariolacos (1998) introduced for the quaternary systems is hereby 
applied. It is based on the following principle: one begins with the bivariant field of highest metastability and moves 
around the invariant point along the quickest path in the direction of the bivariant field with the same or second-
highest metastability until one is again at the starting point. In doing so, every bivariant field is labelled with its 
number of metastabilities written in square brackets. Furthermore an index, which indicates the class of the system 
- for the quinary systems: 5 - completes the notation. In this way it results to a combination of numbers, like the 
Miller indices in the Crystallography, which are characteristic for the system under consideration. The resulting 
type" is significant for the respective system when its phases occupy arbitrary places in the space and, in this case, 

the sum of its indices is equal to the number of the coexisting phases at the invariant point, which for the quinary 
systems is 7. This number is reduced with increasing number of indifferent phases in the respective system. 

2. RESULTS 

Beginning with the eight general cases of Schreinemakers (1915, V), labelled after the forementioned prin
ciple, successive indifferent phases were added and the systems ordered with decreasing sum of their indices; 
only systems with a sum of at least five (5) in their indices were considered. In this way, 43 different cases result 
which are shown in figures a to h in the original notation of Schreinemakers. 

Figures a-h: Systematical classification of the Schreinemakers diagrams of quinary systems with K+2 phases 
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As it is obvious from the above figures, there are only two systems with significant indices: [3010010]5 and 
[202020]5; in all other cases the indices are common to at least two systems. The indices [31001]5 are the most 
frequent as they are found in six systems. Nevertheless, if one takes in account the kind of the reactions which 
take place along the monovariant curves, one can find out that in the same class of systems these reactions are 
different to each other, eg. in the systems e4, e5, and e6, the the monovariant reactions are as follows: 

Case e4: 1 • 5 4x; 2 • 2 lx 
Case e5: 1 • 4 lx; 1 • 5 3x; 2 — — 3 lx 
Casee6:l -3 lx; 1 • 5 3x; 2 * 4 lx. 
The systems with the indices [1110110]5 (al, d4), [2020100]5 (d2, h5), [2110100]5 (c3, d3), and [3100010]5 

(b3, f6) have indeed the same constellation of reactions along the monovariant curves, but nevertheless the 
respective systems belong to different groups of the Schreinemakers diagrams. The constellation of reactions 
with the indices [320010]5, which is common to five systems differs from each other and are as follows: 

G: 1 -4 lx; 1 "5 lx; 2 • 4 3x; 3 3 lx 
D: 1 '5 2x; 2 >3 lx; 2 — 4 3x 
gl: 1 »5 2x; 2 -3 lx; 2 • 4 lx; 3 • 3 2x 
g2: 1 4 lx; 1 *5 lx; 2 • 4 lx; 3 • 3 3x 
hi : 2 "3 lx; 2 • 4 3x; 3 • 3 2x 

3. MINERALOGICAL APPLICATION 

As a study case the system K20-MgO-Al203-Si02-H20 (KMASH) is theoretically treated. The considered 
phases of the system are as follows: K20 Potassium Oxide; MgO Periclase; A1203 Corundum (K); Si02 

Quartz; H20 Water; K2MgAl4Si7O20(OH)4 PhEngite; KMg3AlSi3O10(OH)2 PhLogopite. 
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Table 1. The calculated entropy and volume changes and the P-T slopes of the reactions in the system K20-MgO-
Alp-SiO-Hp (KMASH) 

Monovariant Reactions 

E = Ο + Ρ + 2K + 7Q + 2W 

2L = Ο + 6Ρ + Κ + 6Q + 2W 

E + 5P = K + Q + 2L 

4L = E + Ο + IIP + 5Q + 2W 

(L) 

(E) 

(0)(W) 

(K) 

6E = 5O + l l K + 36Q + 10W + 2L (Ρ) 

5K + 14L = 6E + Ο + 36P + 2W (Q) 

AS 

[dJ/mol.grd] 

3677.4 

560.4 

3117.0 

-2556.6 

21504.0 

-18141.2 

A\ 

|cm"7mol| 

23.8 

5.8 

18.0 

-12.0 

137.0 

-102.2 

dP/dT 

[bar/grd] 

154.5 

96.6 

173.2 

209.6 

157.0 

177.5 

The reactions involved in the system together with the entropy and volume changes and the P-T slopes are 
given in Table 1. The data are taken from Robie, Hemingway and Fisher (1979) and those for phengite from 
Woods and Garrels (1987), while its density is estimated to 2.9 g/cm3. The Schreinemakers diagram of the 
system has the type [410001]5 (case el) and is given in Fig. 1. 

[410001 ] 5 

&3&Ζ&*»'*-

Figure 1: The Schreinemakers diagram of the system KMASH has the type [410001]5 
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