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1. Introduction
Kinetics analysis of thermal decomposition TG data has attracted attention as a way to
evaluate the heat resistance of polymer material quickly. Several methods have been reported,
including the Ozawa method, which is widely used for reaction kinetics analysis. It can obtain the
chemical reaction activation energy and the constant temperature degradation time (the time until
the reaction reaches a certain level at a constant temperature) from TG data at various heating
rates. In this brief, polymer insulation material is analyzed using the Ozawa method.

2. Kinetics Analysis using TG Measurements

Figure 1 shows the dehydration reaction data for calcium oxalate at four heating rates. As can
be seen, the higher the heating rate, the more the TG curve shifts to a higher temperature. The
Ozawa method transforms this temperature shift to a formula. It assumes that the reaction is a
single reaction. When a one-step weight loss occurs as shown in Figure 1, reaction rate analysis is
often performed. However, the thermal decomposition reaction of polymer materials is not a
single reaction in many cases. In these cases, the heat resistance can be evaluated by performing
the analysis assuming that the initial stage of the thermal decomposition reaction is a singular
reaction section.
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Figure 1 Dependence of Heating Rate of Calcium Oxalate Dehydration Reaction

-1-



Application Brief Hitachi HighTech HITACHI

Figure 2 shows the TG curves for the polymer insulation material measured at different
heating rates. Figure 3 shows the 100% to 95% portion of this data analyzed using the Ozawa
method. The activation energy is 113 kJ/mol. Furthermore, we know that when the temperature is
held constant at 150°C, it takes 0.54 days for this reaction to advance 20%.
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Figure 3  Kinetic Analysis results
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3. Ozawa Method of Kinetic Analysis
3-1. Determination of Activation Energy
When a reaction follows the Arrhenius law, the reaction rate can be expressed using the
following formula.

dx AE
_ = AeX — ) f (X) ..... 1
m p( RT) @)
Where, X . Reaction quantity
t: Time

A Frequency Factor
AE ;. Activation Energy

R: Gas constant

T: Absolute Temperature
f(x) :  Function of x

Because the heating rate is constant in TG measurements, the following equation is formed.

CLR
dt

Where, B: Heating rate

When equation 2 is inserted into equation 1, the following equation is formed through separation
of variables and integration.

IX dx _A Texp (_E) dr .. ... 3)

wf (X) BT RT

When equation 3 is integrated by parts, the following equation is formed.

e ASE[L MBS aE)
F x) —F (XO)_B- {P (RT) P (RTO)} 4)
dx
Where, F (X)—j]c ™
P (y)=3—r3dy
y vy

When item 1 is much larger than item 2 on the right side of equation 4 and x; is set as X,=0, a
constant results.
A- AE AE
P (
B-R RT

) = const.
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P(y) can be approximated by the following formula.
logP (y) = —2.315-0.4567y (20<y<60) - - - - - )

Equation 5 is then applied to equation 4.

—logB —0.4567 AE =const. ----- (6)
RT

The following equation is formed by setting items corresponding to x; as Bj, Ti, items
corresponding to X, as B,, T,, and so on for a certain reaction amount.

— IogBl—O.4567% = —logB,—0.4567 E

1 2

The activation energy (E) is obtained from the slope of the plot of logB, the data of the various
heating rates (B), against 1/T.

3.2 Determination of Constant Temperature Degradation Time
At a constant temperature, T is not dependent on time, so the following equation is formed
when equation 1 is integrated.

x  dX to+t AE
=A exp | ——— ] dt
Lof x) J, el RT

AE
—Aexp [—o=] vt o 8
p RT )
where 7 is the time for the change from reaction X, to X.

The following equation is formed from equation 3 and equation 8.

ITexp (ﬁ) aT
= To RT

iE

Bexp (—
xp ( RT)

Constant temperature degradation time is calculated from equation 9.



