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Abstract—The thermal decomposition of polyalkyl methacrylate such as polymethyl methacrylate, polyethyl

methacrylate, polybutyl methacrylate and methyl methacrylate-ethyl methacrylate copolymer was studied using a

thermogravimetry with nitrogen gas feed rate of 50m// min at various heating rates from 1 to 20°C/min, and various

heating temperatures from 200 to 370°C. Viscometry techniques were also used to measure molecular weight changes

during the thermal decomposition.

The mathematical methods, Kissinger, Chatterjee-Conrad, Friedman, Second derivative, Horowitz-Metzger, Ozawa
and Isothermal method were used to obtain values of activation energy of decomposion reaction.

The activation energies evaluated by the above methods except Chatterjee-Conrad method agree with each other
very well.

The values of activation energy evaluated by viscometry are also similar with those by thermogravimetry.

The thermal degradation of polyatkyl methacrylate was considered to be carried out by main chain scission, and
the values of activation energy decreased in the order of methyl, ethyl and buthyl group.

The thermogravimetric trace curve agreed with the theoretical equation.

The value of activation energy of the copolymer obeyed the addition rule.
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Fig. 6. Application of Chatterjee-Conrad’s
method to the typical experimental data 2
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Table 2. Activation energies upon fractional
weight loss of PMMA according to the
isothermal condition.

Fractional weight  Activation energy  Correlation
loss (Kcal/mol) coefficient
0.40 20.7 0.937
0.45 354 0.998
0.50 42.9 0.998
0.55 46.9 0.998
0.60 48.6 0.999
0.65 51.0 0.999
0.70 51.4 0.999
0.75 51.5 0.997
0.80 48.9 0.998
0.85 53.1 0.987

Average 45.0+7.2

Table 3. Comparison of activation energy (Kcal/
mol) for the thermal decomposition of
PMMA.

Fractional weight

Isothermal Friedman Ozawa

loss

0.4 20.7 46.7 38.5

0.5 42.9 49.2 39.6

0.6 48.6 48.1 41.8

0.7 51.4 49.2 45.0

0.8 48.9 50.6 47.3
Average 425+11.2 48.8+13 424+3.3
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Fig. 11. Plot of logarithm (rate of fractional

weight loss) vs. logarithm (fractional re-
maining) for the thermal decomposition

of PMMA.
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Fig. 12. Plot of logarithm (initial rate) vs. T-! for
the thermal docomposition of PMMA.
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Table 4. Apparent order of reaction on various oF Za, 71$7]& FE PMMA, PEMA, PBMA 9
temperature of PMMA according to the PCMEs!| chalod zbzh 42,3, 30,0, 27.3 = 39.6

isothermal conditions. Keal/mole] $43joi 5 2siet.

Temperature Apparent order of dls2a sl g acrylAl Fx19 2abg
0 reaction B4 3loll 1 =) 3t-2 Table 5 Helataich
291 234 A sl Y= Table 4ol A M= e} o] 7ld4
302 2.40 5, Agg 7 33 2ejubdol wel gholl 74 stage
312 2.16 uic} thd zpo| 7} AYZict,
322 2.22 Kissinger 42 9ZebaAol4] o] £7te 2
232 i?? =it Zgsld 44 Aast Aej=d, Fele DTA

TAg o]-&3 9hH-e stagert TR ZeiRle &

Average 2.05+0.4
off Waide A Az drizh e _12‘].&

Table 5. Activation energies (Kcal/mol) of polyalkyl methacrylate by TG.

Method Polymer Stage 1 Stage 2 Stage 3 Average E
PMMA 49.5 32.9 43.9 42.1
Kissinger PEMA 51.0 339 24.5 36.5
PBMA 22.7 35.1 22.9 26.9
PCME 38.1 56.1 47.1 (45.3)*
PMMA 57.2 28.8 50.6 45.3
Friedman PEMA 47.2 26.9 29.3 31.9
PBMA 44.3 28.1 25.2 27.5
PCME 37.6 46.6 43.3 (44.2)*
PMMA 58.0 32.7 44.0 44.0
Ozawa PEMA 42.7 34.0 28.8 32.8
PBMA 37.1 27.6 25.6 30.2
PCME 33.2 435 39.7 (43.5)*
Heating rate (°C/min)
Method Polymer B=1 p=4 f=7 PB=10 B=14 p=17 B=20 AverageE
_ PMMA 34.6 368 400 43.0 450 440 428  40.9
g‘gz"‘gm‘ PEMA 19.2 247 247 261 293 297 325 266
g PBMA 232 272 239 261 257 266 372 254
PCME 37.9 415 41.8 451 435 415 249  40.9 (42.6)*
. . PMMA 249 308 344 342 357 370 352 332
Ehf‘l“ed”ee' PEMA 46 113 153 198 179 199 185 153
onra PBMA 109 212 200 179 171 194 176 177
PCME 228 292 357 356 357 401 383  32.0(35.D)*
PMMA 36.1 40.1 451 456 500 518 524 459
SZ;“’,‘::ive PEMA 195 251 297 337 346 388 371 312
PBMA 207 358 209 289 243 328 252 269
PCME 472 531 539 489 514 515 554  51.6 (44.1)*
PMMA 425
Isothermal PEMA 32.7
PBMA 30.0
PCME 53.3 (43.9)*

*( ) indicates the value of calculated by eq. (34).
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Fig. 13. Variation of average molecular weight
as a function of length of time of heating
at various temperature of PMMA.
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Table 6. Activation energies of polyalkyl metha-
crylate by viscometry.

PMMA PEMA PBMA PCME

E(Kcal/mol)  34.3 25.5 21.5 38.4
Correlation —  g00 0990 0973 0978
coefficient
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Fig. 16. Chromatogram of decomposition prod-
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Fig. 18. Experimental and calculated TG curves
for the 14°C/min heating rate of PMMA.
(correlation coefficient: 0.999)

Table 7. Calculated value of constant in equation

(35).
Polymer ay a, ag
PMMA 2.63 0.38 5.35x 1020
PEMA 2.38 042 1.47x 1013
PBMA 3.03 0.33 3.91x 1012
PCME 2.13 0.47 1.51x 1020
5.2 &

Polymethyl methacrylate, Polyethyl metha-
crylate, Polybuthyl methacrylate % methyl meth-
methacrylate copolymer &} 7+2
methacryldl A% A&7|F FollA wlE-dFakdy
(FFa4 % 1~20C /min), 52453 (52 200~
370C) o Axyeor P¥aE 3 Az oL ge
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NOMENCLATURE
A : preexponential factor (min-!)
aj, ay, a3 constant defined by eq. (35) ( - )
c : degree of conversion ( - )
E : apparent activation energy (Kcal/mol)
k : rate constant (min~!)
M, : viscosity average molecular weight ( - )
M, : initial viscosity average molecular weight
(-)
M, : viscosity average molecular weight at time
t(-)
n : apparent order of reaction ( - )
R : gas constant (1.987 cal/mol K)
T . absolute temperature at time t (K)
T, . absolute temperature at the maximum rate
K
T, : initial absolute temperature (K)
T, : absolute temperature at 1-c= 1/e (K)
t : time {min)
w . weight of sample at time t (mg)
W, : final weight of sample (mg)
w,, : weight of sample at the maximum rate
(mg)
w, : initial weight of sample (mg)
B : heating rate (°C/min)
P . defined by eq. (18) (°C)
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