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Abstract : The data on isothermal bulk modulus and thermal expanauvity for six minerals
(MgO, Mg38104. Al104, Grossular Gamnet, Pyrope and CaQ) at high temperatures are analysed
wm order to obtain simple empincal relationships  Varous thennodynamice formulations reported
i the recent hiterature, have been discussed and evaluated cntically The thermodynamic model
due to Xia and Xiao has been found to yield good agreement with experimental data for thermal
expansivity as a function of temperature for all the minerals under study
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1. [ntroduction

One of the most widely used thermodynamic approximations [1-4] for studying the high
temperature-high pressure behaviour of solids is that the product of volume thermal
expansion coefficient, i.e. the thermal expansivity a and the 1sothermal bulk modulus B
remanns constant. Thus, we can write

aB=K, (1)

where the product K has been assumed to remain constant under the variation of pressure or
temperature. If this assumption does not hold, then eqg. (1) yields the following relationship
lor the isobaric variation of a, B and K with the change in volume under the effect of

lemypzerature,
V (da V(dB V (dK 5
E(W),, * F(W)P = ?(dv),,- )
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The data reported by Anderson et al [5] for six minerals at high temperatures, are
used in the present study to assess the validity of basic assumptions regarding the variations
of a, B and K with temperature. In particular, we study the variation of & and volume wi
temperaturc using the thermodynamic model due to Xia and Xiao [6]. The method of
analysis is presented in Section 2. Results are discussed and compared with experimenty
data in Section 3.

2. Method of analysis

Tuaking the high temperature data from Anderson et al [5], we made an attempt 1o
plot a, B and K, each as a function of V/V,, where Vj is the volume V at 300 K. Valuc,
of VIV, corresponding to different temperatures were estimated from the data on
dinsity [5]. Systematic linear relationships are obtained only for In B versus In ViV,
for all the six minerals [Figures 1(a—f)]. Plots for Ina or In K versus In VIV, are found
to be unsystematic and non-lincar. Thus, o or K depends on the change in volume
in a complicated manner. On the other hand, the slopes of the linear plats in

Iigures 1(a~() yield values of the Anderson-Gruncisen parameter &; which is de‘hncd
as [5.7] ‘

| (dB
5’ = _ﬁ(ﬁ)’, 3)

Using a = lv(%),, in eq. (3), we get

. dinB

Thus, & represents the slope of the plots of In B versus In (V/V,). Values of &y determuncd
from the plots given in Figures 1(a—f) are reported in Table 1.

It the product K = @B is assumed to remain constant with the variation m
temperature then eq. (2) yields

V(ida) _ _V(dB (5)

a\dv ), -~ TB\dv p )
which can also be written in the following form [7]

| (da

— == = 6

az(dT),, 5. (®)

Anderson et al | 7] have used eq. (6) to obtain the relationship given below

-;'—0 = [1 - a05T(T—T0)]-l. ]
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Eq. (7) has been derived by the integration of (6) taking &; as constant. Under the same
thermodynamic assumptions, the following relationships can also be obtained from egs. (5)

and (7)
5
a _ (V)
a = (%) ®
-1/68
and V—() = [l - ao5T(T-T0)] T 9)

[y (7) is equivalent to (8) in view of (9). As pointed out by Anderson et al [7], the
assumptions implied in the derivation of the relationships (5 to 9) are valid only in the high
empetature region above the Debye temperature.
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Figure 1(a). Plots of In B versus In (V/Vy) at high temperatures
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Figure 1(b). Same as in Figure 1(a).
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Recently Xia and Xiao [6] have developed a thermodynamic model for investiga(ing
a of periclase (MgO) as a function of temperature. The pressure derivative of heat capacily
C,, can be expressed by the following thermodynamic identity

), - 42
— = -l == (10)
dP r dT? »
Using the detinition of thermal expansivity &, we can rewrite eq. (10) as follows
dC d
L = -T—(aV),.
[ -5 ]r -7 (@V)p (I
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Figure 1(¢c). Same as 1n Figure 1(a)
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Figure 1(d). Same as in Figure 1(a).
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it has been found that in the range of clastic Debye temperature, the best fit 1o the
evperimental data is represented by the following relationship |6)

= (0 _
(‘/v - Cp ne (12)
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Figure 1(e). Same as in Figuie 1(a)
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Figure 1(f). Same as 1in Figwe 1(a)
where (/‘f 15 the heat capacity at zero pressure and 7 1s a positive constant independent of
Pressure and temperature. Egs. (11) and (12) yield

d _n
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Attempts have also been made [1,8] to develop models for predicting a as 4
function of temperature by incorporating the variation of & with volume and temperature
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Flgure 2(c). Sume as in Figure 2(a)
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Figure 2(d). Same as 1n Figuie 2(a).

Thus, Tallon [ 1] has considered that 87 varies as V/Vy and obtained the following expression
for thermal cxpansivity

a = agexp [b;l(v‘io— - l)] (18)

where 8% is the value of 67 at 1nitial temperature. Chopelas and Bochler [9] have
shown that (& + 1) varies as V/V, under the effect of pressure. Considering the similar
variation under the effect of temperature also, Kumar and Bedi [8] obtained the following

expression
-1
a = ao(—v‘%) exp [(6? + l)(—v‘% - I)] (19
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liqs (18) and (19) have been derived incorporating the variation of & in the following

)=5,.

we have used egs. (18) and (19) to calculate o as a function of VIV, and temperature. 1t is

found that both the cquations yield almost identical results which are smaller than the
expenimental data by about 15 to 40 per cent.

tormula

A4
o

(d%_ a1 —

(da

av

(20
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Figure 2(¢). Same as in Figure 2(a)
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Figure 2(f). Same as in Figure 2(a).

Kumar and Bedi [8] have used the following relationship also for the lemperature

dependence of o

& =

5,0(

T,

J

2D

where x is an empirically fitted parameter. Using egs. (6) and (21) they obtained

o

—

o,

[' T TE(x+))

0
a, 67

(T - Tg*')]_l.

(22)
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when we apply this formula to the minerals for reproducing a at high temperatures
(1200-1800 K), the values of x are required to remain between 0.4 and 1.4. This would
ymply from eg. (21) that J; increases very fast with temperature and becomes 2 (o 6 times
J1s value at room temperature. Such a large variation in the value of 87 is not consistant with
the studies reported in literature [5-71.

It should be mentioned here that a number of relationships showing linear and non-
Iincar dependences of a on temperature, have been reviewed and studied by Plymate and
Stout [10]. These relationships when applied to minerals [11], yield results which deviate
much from the experimental data. The thermodynamic model which has been found to yield
close agreement with experimental data is that duc to Xia and Xiao [6). The basic
assumiption used in this model is given by eq. (12), in which 17 remains nearly constant at
Jitferent temperatures. The validity of this assumption has been demonstrated by Xia and
X0 by calculating the thermal expansivity of MgO upto 1800 K in good agreement with
experimental data. The minerals under study remain in the solid phase for the temperature
range considered here. Their thermoelastic propertics in the solid phase for the entire
temperature range have been determined experimentally by Anderson et al [5]. No phase
transition Lo liquid or gaseous state has been observed in this tempcerature range [7]. We can
therefore, assume the approximate vahdity of eq. (12) in the same solid phase for the

minerals

It 15 clear from the Figures 2(a—f) that the relationship given by eq. (16) is satisfied
approximately well, within a few per cent, with the experimental data for the mincrals
under study. To a good approximation we can therefore, take the proportionality constant
A = 1n/V, to be independent of temperature. Using this assumption, we have derived the
relaonship (eq. 15) between V/V,, and temperature. We have calculated the values of
thermal expansivity o and V/Vy as a function of temperature using eqs. (15) and (16). The
results are compared with the experimental data in Table 2. The good agreement between
the caleulated and experimental values of aand V/V, support the validity of the assumption
used Thus, the thermodynamic model due to Xia and Xiao developed recently for MgO
i0.11] 15 also applicable for other minerals under study and provides a simple method for
calculating ox and V/Vy in agreement with the experimental data (Table 2).
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