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ABSTRACT 

Mass spectrometric thermal analysis (MTA) of poly(methy1 methacryIate) of 

high molec u ar weight is made, and ,MTA curves observed are analyzed to obtain I 

kinetic parameters by two methods proposed by one of the authors. Satisfactory 

results are obtained by both methods. 

1NTFtODUCTIOX 

Mass spectrometric thermal analysis (MTA) has been applied to various 

fields’. In MTA, volatile products formed from a sample heated at a consta;l: rate 

are analyzed with a mass spectrometer. Since one can obtain information about 

composition of the voIatilized products and their rates simultaneously by MTA, it 

has an advantage over the other methods of thermal analysis. However, little kinetic 

analysis of MTA curves has been done. In the previous papel, one of the present 

authors proposed methods of kinetic analysis of thermoanalytica: curves of the 

derivative type. These methods are applied to thermal depolyrnerization of poly 

(methyl methacrylate) (PMMA) of high molecular weight, the mechanism of which 

has been estensively investigated by many workers3**, and the kinetic analysis is 
satisfactorily made. In this paper, we report the results of our kinetic analysis of MTA 

curves and their comparison with other reports. 

MPERIMENTAL 

PMMA was supplied by Dr. Mits of the Institute of Space and Aeronautical 

Science of Tokyo University. It was polymerized in vacuum by using benzaldehyde 

anion as an initiator at - 75 “C, and was purified by reprecipitation. The molecular 

weight is estimated to be 3,900,OOO by measurement of the solution viscosity. 

The sample powder (2-5 mg) is put in a groove of 3 mm depth, 0.8 mm width 

and 15 mm length cut in a sample container, which is a stainless steel disk of 20 mm 
diameter and 6 mm thickness. The sample container is located beneath the ionization 

chamber of a time-of-flight mass spectrometer of the Bendix type. The temperature 
of the sample container is measured and controlled with a thermocouple, inserted 

through a hole drilled on the side of the container, so that the junction of the thermo- 
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couple is located beside the center of the groove. The heating rate is 1, 2, 5 or 10°C/ 
min. The volatilized products pass directly to the ionization chamber through two 

slits above the container, parallell to the groove; the groove and the slits are parallel 

to the grid to draw out the ions. By this arrangement, the products are analyzed 
immediately_ The ionization energy is set at 20 eV to avoid severe fragmentation, 
which makes identification of various decomposition products complicated. The 
pressure around the sample is < 10q5 torr. 

RJZULTS AND DlSCUSSION 

A typical mass spectrum observed is shown in Fig. I. Ions of mass number 

KM,69 and 41 are observed; the ion of mass number 100 is a parent ion of the mono- 

Fig. I _ A t_vpical mass spectrum observed at 296°C. The ionization energy is 20 eV and the heating 
rate i, 2 ‘Cjmin- 

mer and the other ions are ail formed by the fragmentation of the monomer, as 
follows: 

The decomposition product of this poIymer in high vaccum is mainly its monomer, 

and this observation is in agreement with the previous observations4*5. 

The MTA curves for the mass number of 100, which are the plots of ion current 

against temperature, are shown in Fig. 2. If the experimental conditions (e.g. pumping 

speed) are kept constant, the ion current is proportional to the rate of volatilization. 

The curve shifts to the higher temperature as the heating rate increase s, and this fact 

is in accorddce with the theoretical relationship. In order to obtain the activation 

enerooy’, the logarithm of the heating rate is plotted against the reciprocal absolute 
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Fig. 2. The MTA curves for the ion, m/e 100. The heating rates are indicated. 

peak temperature (Fig. 3). As seen in Fig. 3, a straight line is obtained, and from the 

slope and the intercept, the activation ener,ay and the logarithm of the pre-exponential 

factor are estimated to be 49.2 kcaI/mole and 16.11 (set-‘), respectively. By using the 

activation ener,? obtained, we can draw the experimental master curve2 (Fig. 4), 

which is the plot of the logarithm of the reduced rate, dC/dO versus the logarithm of 

the reduced time, 0. The plots obtained at various heating rates are superposed on a 

singIe experimental master curve by a longitudinal shift; this is necessary since we 

measure not the rate of conversion, tut the ion current proportional to the rate of 

conversion. This fact means that the decomposition reaction is a simple one governed 

over the entire reaction range by the singie activation enerm estimated above. 
The master curve is compared with the theoretical relationships between 

dC/tiO and A0 for various mechanisms, and the curve which fits best is that of the 
first order reaction (shown in Fi g. 4 as a sclid line). In the comparison of the master 

curve with the theoretical one, a lateral shift is made, and this shift corresponds to the 

logarithm of the pre-exponential factor of 16.2 (set- ‘)_ In the beginning of the 

Fig. 3. Plots of the logarithm of the heating rates DS. reciprowl absolute peak temperature. 

Zknrwchim. Acra, 3 (1972) 29X-296 



R. SAKA?k?O, T. OZAWA, 51. KANAZASHI 

Fig_ 4 The cspcrimcntal masfcr cwve and rhc rheoreticat curve bat fitted to the first order reaction. 
The h.ating rates arc indicztcd. 

reaction (up to the conversion of about 03X), some deviation from the theoretical 
CUTE’Z is obserwd. bur the agreement is satisfactory in most of the region of cowersion. 
From this fact. we can deduce that the depolymerization of PMMA proceeds by the 
mechanism of a first order reaction. The deviation in the beginning might be caused 
by some minor reactions of diffusion of the product_ 

The other method proposed by one of the authors’ is applied to the MTA 
curves, since the product is only the monomer and the integration of the MTA curve 
is proportional to the convzsion. First, the MTA curves are integrated by the method 
of Simpson, and the conversion is estimated as a function of the temperature. Assum- 
in,a a first order reaction, and using the conversion, we can obtain the reduced rate, 
dC!d.-lU as a function of the temperature for each curve_ The difference between the 
logarithm of the reduced rate obtained, and the Iogarithm of the reduced rate 
calculated, gives the rate constant of the reaction’. In Fig. 5 the Arrhenius plot is 
made for the rate constants estimated in this way. The rate constants estimated for 
the different heatin rates tie on a strai&t line. From this fact, a mechanism of the 
first order is deduced and the activation, ener=T and the pre-exponential f&ctor are 
estimated to be 50.4 kcaI,moIe and 16.6 (set- I), respectively. These values are both 
in good agreement with those estimated by the previous method. 

Q3lson and Hamaker observed by MTA that PMMA polymerized with 
azo-bis-isobutyronitriie initiator, depolymerizes throu& a two stase reaction. On the 
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ener,oy mentioned above is now in progress using various types of PMMA, and we 
shall report the results in the near future. 
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