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On the metastable Al-diopside in the system
CaMgSi,0,—CaAl,SiOg
By
Isamu Smmno
(Abstract)

Revised equilibrium diagram of the diopside-rich portion of the system CaMgSi;Os-
CaAl,Si0q is presented in Fig. 2. In the three and four phase regions of this diagram,
metastable Al-diopsides which are oversaturated with CaAl,;SiOg crystallize initially from the
glass as one phase. This excess CaAl,Si0g gradually resolves into melilite, anorthite and
olivine. Then the diffraction angles(28) of 060 and 600 of Al-diopside regularly change just
as presented in Figs. 4 & 5. So the regular changes of the 060 reflections against the time
are analyzed kinematically on the bases of equation (1), (4) and (5). The results are that
the metastable Al-diopside belonging to the same phase area has the same relaxation time
and the common order of reaction and activation energies.

The Mg-Al distribution constants in coexisting Al-diopside and melilite are obtained at
1200-1220°C in assuming both the minerals to be ideal.

1) —dfjdt=1/r (f—£)+C
(4) —df/dt=K (f—1f,/F—f)"

(5) Arrhenius equation

=

CaAl;SiOg mol 2% in metastable Al-diopside at fixed temperature
CaAl,SiO4 mol 9 in equilibrated Al-diopside

relaxation time

—h
=

CaAl,Si0s mol 9 in glass to be used as starting materials
order of reaction

constant of reaction rate

oOR B =A

constant
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Fig. 1 The position of CaMgSi,0,-CaAl,SiOq
system in ‘Al,0;-Ca0-MgO-SiO, tetrahedron.
Main rock-forming minerals diopside, olivine,
anorthite, and melilite exist in the system.
Also the akermanite-gehlenite system is
nearly parallel to the system. Sp=spinel, Fo=
forsterite, En=enstatite, Pyr=pyrope, Di=
diopside, An=anorthite, Tch=Tschermak’s
molecule, Ge=gehlenite, Gr=grossularite, Ak
=akermanite, Wo=wollastonite, La=Ilarnite.
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Table

The assay of reagent used in this experiment
Reagent h Assay Main impurity
Si0, 99. 8% water soluble substance 0. 2%, alkali 0.08 %,
CaCoO, 99. 8 free alkalis 0.01 9%, magnesium & alkali 0.4 %
MgO 99. 5k* water soluble substance 0. 34 %, sulfate 0.03 %
Al,0, 94.0 loss on ignition 5.0 %, Fe,O3 0.02 2%, Si0, 0.02 %

* ignition loss at 1100°c, 6 hours. 0.12 %.
** jgnition loss at 1100°c, 6 hours. 1.19 %,.

Table 2. Refractive index and composition of;
glass used in this experiment

Sample No. Index | Composition *
Tch 10 1.604 | 10

Tch 14.3N** | 1.604 | 14.3+Si0, 2wt %
Tch 16.8N 1.604 | 16.8+Si0; 2wt %
Tch 21.6N 1.604 | 21.6+Si0, 2wt %
Tch 21.6 1.605 | 21.6

Tch 25 1.604 | 25

Tch 26.8N 1.605 | 26.8+Si0, 2wt %
Tch 31.3N 1.604 | 31.3+Si0; 2wt %
Tch 35 1.603 | 35

Tch 37.6 1.604 | 37.6

* CaAl;SiOg mol % in diopside.
** contain nonstoichiometrically 2 wt 2 SiO,.
N=nonstoichiometric.
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Fig. 2 Revised equilibrium diagram (Neu-
rviLLE et al. 1961) of the diopside-rich portion
of the system CaMgSi,O4-CaAl,Si0O. Meta-
stable Al-oversaturated diopsides exist in
three or four phase regions.
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Fig. 3 20 angles of 060, 600 of metastable and stable Al-diopside
against the same content of CaAl,SiOg in original glass.
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Fig. 4 20 angles of 050, 600 of metastable diopside against the experimental time,
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. Fig. 5 The dependence of 20 variation against the grain size (starting materials) and

experimental time.
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Fig. 6 Relaxation time analyses based on the equation (2). At
constant temperature, the metastable Al-diopside be-
longing to the same phase area has the same relaxa-
tion time.
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Table 3. The data for the kinetic analyses of metastable Al-diopside

t(min)  060(20) f(mol%)  f—f df/dt log dfjdt  log j\‘jgo 100
A=Tch 14.3N, 1200°%. K=1.86 10, n=0.63
120 62.69 12.6 3.6 1.53 10~ —1.82 1.83
240 62.66 11.25 2.25 1.15 ~1.04 1.63
360 62.64 10.3 1.3 6.9 10-3 —2.16 1.39
480 62.62 9.4 0.4 3.83 ~2.42 0.869
£,=9.0
A=Tch 14.3N, 1220°. K=2.51 10 n=0.9
120 62.69 12.6 45 1.22 10~ ~1.91 1.86
240 62.665 11.4 3.3 8.83 10 —2.06 1.73
360 62.643 10.5 2.4 6.50 ~2.19 1.59
480 62.63 9.9 1.8 5.33 —2.27 1.47
f,=8.1
A=Tch 16.8N, 1200°. K=1.26 10-%, n=0.64
120 62.71 13.5 3.55 1.53 10~ ~1.82 1.71
240 62.67 11.7 1.75 9.58 10-8 —2.02 1.41
360 62.66 11.25 1.30 7.67 —2.12 1.28
480 62.65 10.75 0.80 5.75 —2.24 1.07
£,=9.95
A="Tch 21.6N, 1200°, K=1.32 10-4, n=1.03
120 62.88 21.3 5.1 1.53 10~ ~1.82 1.98
240 62.85 19.8 3.6 9.58 108 —2.02 1.82
360 62.83 19.0 2.8 7.67 _2.12 1.72
480 62.82 18.5 2.3 5.75 —2.24 1.63
600 62.81 18.0 1.8 5.00 ~2.30 1.52
720 61.80 17.5 1.3 3.83 —2.42 1.38
f,=16.2
A=Tch 21.6N, 1150°c. K=2.82 104, n=0.90
120 62.873 20.9 3.15 1.42 10~ —1.85 1.91
240 62.858 20.2 2.45 1.08 —~1.97 1.80
360 62.845 19.7 1.95 1.00 —2.00 1.70
480 62.836 19.2 1.45 8.33 10~ —2.08 1.58
£,=17.75
A=Tch 21.6N, 1220°%. K=4.57 10, n=1.06
120 62.775 16.5 1.6 1.34 107 ~1.87 1.38
240 62.755 15.75 0.85 6.5 107 —2.19 1.11
360 62.743 15.0 0.1 3.08 —2.51 0.23
480 62.74 14.9 0 1.17 —2.03 —0.7
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Table 3. Co i i . «(continued)
t(min)  060(20)  f(mol%)  f—f, df/dt log df/dt  log f(f; 100,
10
A=Tch 21.6, 1200°. K=2.69 10-¢, n=0.54

240 62.89 21.6 3.8 3.46 10 —2.46 2.0

480 62.874 20.8 3.0 2.88 —2.54 1.9

720 - 62.86 20.3 2.5 2.50 —2.60 1.82

960 - 62.846 19.7 1.9 2.29 —2.64 1.70

1200 62.835 19.1 1.3 1.92 —2.72 1.53

£,=17.8

A=Tch 25.0, 1200°c. K=2.04 1075 n=1.16

240 62.956 24.7 3.95 3.63 10 —2.44 1.97

480 62.940 23.8 3.05 3.09 —2.51 1.86

720 62.926 23.2 2.45 2.50 ~2.60 1.76

960 62.916 22.8 2.05 1.92 —2.72 1.68

1200 62.908 22.4 1.65 1.17 ~2.93 1.65
£,=20.75

A=Tch 25, 1220°c. K=9.34 1075 n=1.04

120 62.938 23.75 3.95 7.67 1078 —2.12 1.88

240 62.917 22.8 3.0 6.5 —2.19 1.76

360 62.902 22.2 2.4 5.33 —2.27 1.66

480 62.89 21.6 1.8 3.83 —2.42 1.54
£,=19.8

A=Tch 26.8N, 1200°c. K=1.51 107%, n=1.18

240 63.003 26.8 3.80 3.46 1073 —2.46 2.0

480 62.987 26.0 3.0 2.50 —2.60 1.9

720 62.975 25.3 2.3 2.29 —2.64 1.78

960 62.966 25.0 2.0 1.71 —2.77 1.72

1200 62.957 24.7 1.7 117 —2.93 1.65
£,=23.0 -

A=Tch 26.8N, 1220°c. K=3.63 107% n=1.25

120 62.985 25.9 3.0 7.67 1078 —2.11 1.89

240 62.967 25.0 2.1 5.75 —2.24 1.73

360 62.955 24.6 1.7 3.83 —2.42 1.64

480 62.946 24.2 1.3 2.33 ~2.63 1.52
£,=22.9 '

A=Tch 35, 1220°c. K=4.78 107% n=1.0

10(hour) 63.178 34.7 11.7 1.63 10 - —2.79 : 1.99
20 63.16 33.8 10.8 1.50 - —2.82 - 1.95
30 63.144 33.2 10.2 1.42 —2.85 1.93
40 63.127 32.4 9.4 1.31 —2.88 1.89

£,=23.0
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Fig. 7 Kinetic analyses based on the equation (4). Nonstichiometric metastable
Al-diopside may have resolved the melilite by 0.6 order reaction. The
other metastable Al-diopside may have resolved the melilite, anorthite
and olivine by 1st order reaction. Symbols refer to Fig. 6.
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Fig. 8 The logarithm of constant of reaction velocity against
the content of CaAl,SiO4 in original glass. Symboles
refer to Fig. 6. : .
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rom Fig. 7 and Fig. 8. Activation energies .
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22Kcal/mol by which the oversatrated meta-
stable Al-diopsides change to stable phase
assemblage are obtained. Symboles refer to
Fig. 6.
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Fig. 10 The Mg-Al distribution in coexisting Al-diopside and melilite.

If both the minerals are ideal solid solution, the distribution
constant based on equation (7) are 0.53 at 1200-1220°c.
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