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A model is derived for the temperature dependence of the viscosity of the melt by in

troducing a correlation factor between the bond strength and the coordination number in

the total bond strength distribution. It is shown that the shape of the distribution function

changes considerably depending on the magnitude and sign of the correlation factor.

§1. Introduction

Glass science is one of the most fascinating fields in material science from both

academic and applied points of view. A wide variety of properties shown by the

glasses have their origin in the microscopic bonding connectivity of the atoms that

are distributed ramdomly.

Some years ago, a model has been proposed for the temperature dependence of

the viscosity of the melt.1) The model is described in terms of the bond strength

1?, the coordination number Z, and their fluctuations AE and AZ. The model has

been applied to study the viscosity of many kinds of glass forming liquids such as

covalent, ionic, molecular and metallic systems.2) It has been shown that the model

reproduces quite well the viscosity data of these materials. In addition, the model

provides some sort of microscopic information such as the condition of occurrence

of viscous flow in glass forming liquids. It has been also shown that3'4) the model

is in harmony with other models such as the Adam-Gibbs model5) and the Vogel-

Fulcher-Tammann (VFT) equation.6)

In this report, the above model is extended by introducing the correlation be

tween the bond strength and the coordination number among the structural units.

We expect that the extended model will describe the chemical aspects of the glasses

better than the previous model.

§2. Correlated bond strength distribution and a model of the melt

The glassy state is usually formed by quenching a liquid. In the course of lowering

the temperature, the supercooled liquid is frozen at certain temperature, called "glass

transition temperature Tgn. The atoms that form the glass or the supercooled liquid

are bound to neighboring atoms to form certain type of clusters or structural units

with different degree of randomness. The structural units move cooperatively or in
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isolated form from one position to another, by breaking the bonds. Such a movement

of the structural units is caused by thermally activated process and results in the

viscous flow. Under this picture, we expect that there must be a correlation between

the bond strength E and the coordination number Z. We consider the following

Gaussian distribution

Pi F1 7\ = -

y/47T2(AE)2(AZ)2(l - f?)

/ IP rp \2 (17 17 \2 - f IP jp \t 17 17 V
X CXD I ( ~ 0) (Z-Zp) p (^-^(Z-Zq).
exP| 0/1 ^x^a^2 2(1-^(AZ)2^!-^ (A^)(AZ) ' ' { }

where Eq and Zo are the mean bond strength and the mean coordination number,

AE and AZ are their fluctuations of the structural units, respectively. The quantity

p is the correlation factor between E and Z. In principle, it takes a value in the

range of -1 < p < 1. Concerning this point further discussion is given below. The

temperature dependence of the viscosity of the melt can be expressed as1)

fEZ

^ dE j AZ P(Et Z) exp[^J , (2.2)

where r)0 denotes the viscosity at the high temperature limit. By performing the

integration of Eq. (2.2), the expression for the viscosity rj is derived as

where

B ~

Here r)Ti is the viscosity value at the glass transition temperature, R is the gas

costatnt, B and C are the degree of the fluctuation and the mean total bond strength

between the structural units, respectively. In the case of p = 0, Eq. (2.3) reduces to

the previous model without the correlation.
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According to Angell7), glass forming liquids are characterized in terms of the
slope of the temperature dependence of the viscosity at Tg. This quantity is called

fragility index m. From Eq. (2.3), m is derived as

dLog 7?
m = lim ,6 ' 2.5

x-*i dx

(B + py/B) - C + 2(1 - py/B) [lnf^ + iln(l - B - 2pVB)]
= I \Vo J 2 i

\n(lO){l-B-2pVB)

In our previous study, it was suggested that the values ofB and C are interrelated

for many kinds of glass forming materilas.2) Recently, the relationship between these

parameters has been obtained theoretically.3^ By including the correlation factor p,

such a relationship is expressed as

27(1 - B - 2pVB)\\n(%±) + iln(l - B -
c L V ^o / 2 J. /2 7\

27(1 - py/B) + VB {1 + (1 + p2)72} '

where

Here 7 is the ratio of the normalized bond strength fluctuation 6E to the coordination

number fluctuation 6Z. Moreover, the number of structural unit N& that provides a

measure for the amount of bonds that must be broken to observe the viscous flow can

be derived. This quantity is related to the fragility index m given by Eq. (2.6), and it

is expressed as iNfe = (ln(10)m)/C The original derivations are given elesewhere.2)'3)

§3. Results and Discussion

Figure 1 shows the behavior of correlated Gaussian distribution defined in Eq.

(2.1) for the cases of p = 0.0, ±0.4 and ±0.6. We adopt 7 = 1 in all cases. We can

see that the shape of the distribution depends on the the magnitude and sign of the

correlation factor. The distribution corresponding to the previous model is shown in

Fig. l(a).
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Fig. 1. Gaussian distribution including the correlation between the bond strength E and the coor

dination number Z.
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Equations (2.3), (2.6) and (2.7) contain the factor ln(l - B - 2py/B). Since we

must have (1 - B — 2py/B) > 0, the constraint on p is

P<
(3.1)

The range of permissible values of p and B are shown by the shaded area in Fig.

2. This figure also indicates the maximum value of the correlation factor pMax. It is

seen that the positive value of p diminishes as B increases.

Different types of correlation might exist in real systems. For instance, materials

having a large binding energy E and a large coordination number Z between the

structural units will have a large positive value of p. On the other hand, materials

having a large value of E and a small value of Z will exhibit a negative correlation

factor. This notion provides a way to describe the properties of glass forming liquids

in terms of chemical bonding and the coordination number of the structural units.

For the application of the model to specific materials, further studies are required.
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Fig. 2. Permitted values of the correlation factor p as a function of B.
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§4. Conclusion

An extended model for the viscosity of the melt has been derived by introducing

the correlation coefficient between the bond strength and the coordination number

between the structural units. The new model indicates that the distributions of bond

energy and coordination number change considerably depending on the magnitude

and sign of the correlation factor.

Acknowledgements

This work was supported in part by a Grant-in-Aid for Scientific Research from

the Japan Society for the Promotion of Science (No. 19560014) and by a Grant-in-

Aid for Scientific Research on Priority Area, "Materials Science of Metallic Glasses

(428)" and "Nanoionics (439)" from the Ministry of Education, Culture, Sports,

Science and Technology of Japan.

References

1) M. Aniya, J. Therm. Anal. Cal. 69 (2002), 971.

2) M. Aniya and T. Shinkawa, Mater. Trans. 48 (2007), 1793.

3) M. Ikeda and M. Aniya, submitted for publication.

4) M. Ikeda and M. Aniya, Solid State Ionics, ed. B. V. R. Chowdari et al. (Macmillan India,

2008), 409.

5) G. Adam and J. H. Gibbs, J. Chem. Phys. 43 (1965), 139.

6) H. Vogel, Phys. Z. 22 (1921), 645.

G. S. Pulcher, J. Amer. Ceram. Soc. 8 (1925), 339.

G. Tammann and G. Hesse, Z. Anorg. Allg. Chem. 156 (1926), 245.

7) C. A. Angell, J. Non-Cryst. Solids 131-133 (1991), 13.


	表題
	1. Introduction
	2. Correlated bond strength distribution and a model of the melt
	3. Results and Discussion
	4. Conclusion
	Acknowledgements
	References



