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On the Pyrolysis of Polymers

I. Thermogravimetric Analysis of Polymers

By Chwa-Kyung Sung

National Industrial Research Institute

The weight decrease curves of 18 kinds of polymers have been measured by thermobalance at the same
condition where temperature is increased 1°C per minutes under nitrogen or air atmosphere. The curves
are further differentiated to obtain rate curve of weight decrease. Those curve offer a method to compare
relative thermal stability, effects of oxygen or modes of thermal degradation of polymers qualitatively.
The curves could be classified into following four types:

Polystyrene, polymethylmethacrylate and acetal polymer belong to the first type. Those polymers
depolymerize majnly into corresponding monomers, weight decrease curves are steepy up to perfect
vaporization of polymers and rate curves show a relatively sharp peak. (Type |)

Polyvinyl chloride represents the second type. This polymer decomposes with splitting off of hydrogen
chloride. The thermogravimetric curve rises rapidly at first, then level off at the moderate weight de-
crease and gradually rises. Polyvinyl acetate also belongs to this class, {Typz 1)

The modification of the second type is represented by polyester. The curve at the early stage is less
steep, the leveling off at the next stage is less clear and the final rising of the curve is steeper than the
normal second type. Polyamide, polyurethane, and polycarbonate belong to this type. (Typz [")

The thermal decomposition of the third type polymers is more complex than that of others. Various
irregular chain scissions including side chain splitting and depolymerization to monomers occur simul-
taneously. The weight of the polymer decreases gradually and the rate curve does not show sharp
peaks. Polyvinyl alcohol and diene polymers belong to this type. (Type )

Generally, polycondensation polymers are more stable toward heat than addition polymers and poiymers
having aromatic nucleus show good thermal stability. Polymers having tertiary carbon atoms such as
polystyrene or polypropylene and acetal resin start decomposition under air atmosphere at the temprature
below 50°C or more of the temperature where the polymers start decomposition under nitrogen
atmosphere.
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Fig. 6 Thermogravimetric analysis curve for PS.
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Fig. 17 Thermogravimetric analysis curve for Delrin,

Fig. 18 Thermogravimetric analysis curve for PC,
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Table 1 Thermal degradation of polymers

Pol under N: under Air
olymer = ; = =
@g%mp :: @g%mp @Jg%mp i @g%mp

Pelycarbonate 386 436 377 434
Polyethylene

(H.D.) 396 426 350 302
Polyethylene

(L.D) 360 413 365 388
Nylon 66 364 414 364 425
Nvlon 6 324 383 284 373
Dacron 354 380 340 383
Polyurethane 290 360 280 367
Polystyrene 333 368 282 315
Polyisoprene 252 347 264 338
Polybutadicne 284 338 284 385

Polyvinyl butyral| 266 340 244 350
Potyvinyl formal| 216 336 200 298
Polyvinyl alcoholl 228 335 210 312

Polypropylene 292 340 248 285

Butyl rubber 285 315 247 298

Polyvinylacetate| 287 315 275 296

Delrin 275 302 229 | 242

Polymethyl-

methacrylate 230 250 234 254

PVC 224 250 220 239

@: Temperature at which polymer loses 10 % of
its weight.

®: Temperature at which polymer loses half of its
weight.
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