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ABSTRACT

Some of non-isothermal analysis methods are applied to CaQ-MgO-Al0s-$10; glass system to find the kinetics
parameters of crystallisalion, activation energy, Avrami component and frequency factor. The results using
the non-isothermal analysis were compared to that of micrastructure experiment. Analysis of the result has
enabled to some methads to be to recommend as heing the most appropriate equation Lo use in a glass system.
It was shown that in the thermal analysis using the non-isothermal method of Kissinger, Augis-Bennett, Bansal,
and Marotta, the calculation of activation energy 1s not much different, while Avrami component and frequency
factor are different from applied each methods,
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Table 1. Non-isathermal Analysis Method

Method Equation
Kissinger”  In(T,2/@)=E/ARTp)+C 1
Thakur® E/(RT,)=log(1/pM+C {2
Dzawa® In{—1n(1—-X)=plnE{T—T)}—nlnp (3
Ozawa-Chen” In{Tp/B)=E/(RT,)
+1/n ln{—Infl — X3 — In(KR/E) ey
Augis-Bermett® In{(T,— T.)/B)=E/RTy—In K, (53]
n={2.5/A Trwnm)ﬂ{T /E) (6)
Matusita® Inf=(—/mla[ —In(1—-3X}]
— (LOSZ)mE/ (nRT) +C (7N
Marotta™ lnp=—-EART)+C &)
InAT=—nE/RT}+C )
Bansal' In(T,2/B)= EART,)+ In(E/R—In K, (1)

where, To 1s the starting temperature, T, is the exo-

thermic peak temperature, AT is the deviation from
the base line on the DTA curve, ATwwnv 18 the full
width of the crystallisation peak at half maximum, K,
is the frequency factor, n and m are numerical factors
depending upon the mechanism of crystallisation, K
is the reaction rate.
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Table 2. Compositions of Glasses (wit%)

[Material | S0, | AL | CaO [MgO | Fess | Nas0| Cra0s |
A 1531|121 206, 64| 43 | 26 - 09
B |550]| 136 158|105| 27 | 17| 06
C | 536|123 |207| 64| 43 | 26 | —
D | 565 | 146 169|105 = | 17| 06 |
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Table 3. Activation Energy, Avrami Exponent and Frequency Factor derived from Various Non-Isothermal DTA

Methods
Activation Energy (E, kJ/mol} Avrami Component (n)  Frequency Factor (K, 87!
Sample
(A) Kissinger Marotta Augis- Mean  Marotta Augis-Bennelt Bansal  Augis-Bennett
Bansal Bennet

Bulk glass 251 268 255 258 41 68+ 1.7 1.2 101 51x10°

Powder w/cr 385 402 389 392 11 — 34X 10 85X 104

Powder wfo Cr 439 473 444 452 11 14+ 01 1.3>C 10" 32X 10%
-10- 2qdeHE A
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Fig. 1. Scanning electron micrographs of eched glass
surface after crystallisation.
(a) internal crystallisation in coarse powder or
bulk glass
(b} surface crystallisation i fine powder (black
area 15 residual glass)

internal cyrslalhsahon) 757} 221 k)/mele 2, o)7L
bt AR Make] Ro "oz Axgslasl Lo
47, oje] exeld X-41 HAanpgen A28 e 2
@ 7o =l @iale] o Table 32 ot
Hrpbd 23 Y Aol AAAdns peks 9n]EE=
- Marotla 3hiell #]§F #]4F AlHe] 5o 413 B
(<383 um) Qe LIE Adse) Bepa) Falaizledn]
HoR AAE A zAe] Py 2ol FEe](Fig. 1)
A f2l glxke] uideld Fahslar e Al x
Aol A ko] delz ZEAe] 44w Ae FAF 5
alsdieh. Uhlmann¥®-& Al8ale] of=] mA)e] A)go
8l sl agad2ed-g Al e m wlmal7] &l DTA
2] A ARE Fig 200 vebliglet o1 A8 rld 4w (log

e

te,

H] 323

A 299 A1 1992

——
1400 A (Bulk)
L350 | B (Bulk)
1360 |
A (w/o Fe, —38 by
1340} “1)
)
= A 38
@ 1320k A (w/o Fe 180~300 pm) ( hm)
£ 13m0 A (180~ SOO;V
& Biw/a Cr,
E 1280 | —38 um)
el s B (180~
300 pm)
1240
B (—38 ym)
1220 ¢
1200 ¢
1180

04 06 08 10 12 ]_4 1.8
Heating Rate { IogB)
Fig. 2. Peak temperature (T,) and heating rate (f) cur-

ves showing effects of glass composition and
glass sample size on nucleation bartier.
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Table 4. Crystallisation Types for Glass Composition and Sample Size

Sample Composition Sample size Crystallisation Type

A *Wio CraOs buik No Crystallisation

- bulk Internal Crystallisation

W/o Cr.0n fine powder Surface Crystallisation

- Coarse powder Internai Crystallisation

- fine powder Surface Crystallisation

B W/o Fexds bulk Internal Crystallisation

- bulk Internal Crystallisation

W/io Fe,0, cosarse powder Internal Crystallisation

- coare powder Internal Crystallisation

W/o Fe.Os tine pawder Surface Crystallisation

- fine powder Surface Cryslallisation

*W/o means “noi mcluding”

Table 5. Comparison of Nucleation Barrier for the Di-
fferent Compositions and Sizes

Rank Sample
Composition (A, B) Size

1 A - Bulk
2 B — Bulk
3 A withoul Fe 180~300 pm
4 A — 180~-300 pm
5 A without Fe <38 um
6 A - <38 um
7 B without Cr <38 um
8 B - 180~300 um
9 B - <38 um
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Fig. 3. The relationstup of activation energy, avrami
compaonent and frequency factor for surface and
internal crystallisation as a function of glass pa-
rticle size.
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