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ABSTRACT

The thermal decomposition of poly(zn-butyl methacrylate)(Pn-BMA) was studied using a
dynamic and isothermal thermogravimetry in nitrogen gas with 50 ml.”min at several heating

rates from 1 to 20°C /min, and at several heating temperature from 320 to 370°C.

The mathematical techniques used for calculation of activation energy were Kissinger,
Anderson, Chatterjee-Conrad, Friedman, Fuoss, Ozawa and isolthermal method. The range of

activation energies obtained using the several techniques was between 43 and 51 Kcal /mol

except Chatterjee-Conrad and this range agreed with each other very well.

The thermal degradation of Pn-BMA was considered to be carried out by main chain

scission.
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Fig. 1. Fractional weight losses as a func-

tion of length of heating tempera-
ture at various heating temperatures.
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Fig. 2. DTG curves degraded in the stream
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Fig. 3. Application of Kissinger's method
to experimental data.
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Fig. 4. Application of Chatterjee-Conrad's
method to the typical experimental
data obtained at the 7°C/min heat-
ing rate for the thermal decomposi-
tion,

Table 1. Calculated first-order activation
energies by Chatterjee-Conrad's
method.

Heating rate Activation Correlation

energy .
(°C/min) (Kcal/mot) coefficient
1 37.8 0.921
4 36.7 0.980
7 36.3 0.975
10 37.1 0.993
14 33.6 0.996
17 34.2 0.991
20 37.2 0.996
Average 36.1 + 1.3
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Fig. 5. Application of Anderson's method
to the typical experimental data
obtained at the 7°C/min heating
rate for the thermal decomposition.

Table 2. Calculated activation energies by

Anderson's method.
Heating rate| Activation | Reaction |Corretation
energy
(°C/min) (Kcai.mol) order |coefficient
1 43.6 1.06 0.029
4 49.6 1.40 0.990
7 55.0 1.54 0.966
10 46.9 1.34 0.997
14 38.0 1.16 0.996
17 41.3 1.27 0.900
20 40.7 1.12 0.951
Average 45.0£4.7 | 1.27+0.14
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Table 4. Caiculated activation energies by
Fuoss's method.

Heating rate Activation energy
(°C/min) (Kcal/moi)
46.3
4 48.3
7 47.2
10 48.1
14 43.4
17 46.2
20 48.2
Average 46.8 = 1.3

.5 1.8 1.7
10%/T(°K™)

Fig. 6. Friedman plots at the following
fractional weight losses for the the-
rmal decomposition of PBMA:

Table 3. Dependence of activation energy
upon fractional weight losses acco-
rding to the Friedman calculations.

Fractionatl Activation Correlation
weight erengy
loss (Kcal/mol) coefficient
0.1 41.4 0.970
0.2 41.6 0.975
0.3 34.8 0.984
0.4 42.6 0.994
0.5 44.3 0.983
0.6 - 43.6 0.994
0.7 47.4 0.995
0.8 49.0 0.997
0.9 53.1 0.990
Average 44,2:3.8
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Table 5. Dependence of activation energy
upon fractional weight loss of
PBMA according to the Ozawa
calculations.
Fractional Activation Correlation
weight energy
loss (Kcal/mol) coefficient
0.1 47 0.988
0.2 52.2 0.992
0.3 51.8 0.995
0.4 47.8 0.997
0.5 48.2 0.996
0.6 46.1 0.997
0.7 46.5 0.996
0.8 46.1 0.997
0.9 48.1 0.994
Average 48.2 + 1.7
Table 6. Activation energies upon fractional
ioss according to the isothermal
conditions.
Fractiona! Activation Correlation
weight energy
loss (Kcal/mol) coefficient
0.2 43.0 0.996
0.3 45.8 1.998
0.4 46.9 0.997
0.5 52.3 0.999
0.6 57.0 0.997
0.7 60.4 0.998
Average 50.9 + 5.7
Table 7. Order of reaction on various tem-
perature according to the isother-
mal conditions.
Temperature
Order of reaction
(°C)
332 1.94
342 1.80
352 1.49
361 1.16
Average 1.60 = 0.27
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Fig. 7. Ozawa plots at the following frac-
tional weight losses for the thermal
decomposition:
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Fig. 8. Fractional weight losses as a func-

tion of length of time of heating
at various temperatures.
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Fig. 9. Plot of logarithm (rate of weight
loss). vs. T for the isothermal
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Fig. 11. Infrared spectra of thermal decomposed Pn-BMA film.
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Table 8. Summary of activation energies 1.0
and mathematical kinetic method Experimental
in thermal decomposition of Pn- e ——— Calculated
BMA.
Activation energy
Method
(Kcal/mot) °
§ 0.5
Kissin- 42.6
ger :
Fried- 44.0
man '
Ozawa 48.2
Isother- 0.0 , -
mal 50.9 300 350 450
Temperature (°C)
Heating rate (°C/min) P
B=1 {B=4 | B=7 | B=10|B=14|B=17|B=20 Fig. 12. Experimental and calculated TG
curves for the heating rate of 14°C
Chatterjee /min,
~Conrad 37.6(36.7|36.3|37.1|33.6(34.2(37.2
sAo“nder‘ 43.6|49.6|54.9| 46.8 | 38.0 | 41.3 | 40.7
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