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Abstract 

A Calvet-type microcalorimeter was used for direct 
and continuous measurement of the rate of polymerization 
up to high conversion. The polymerization rate curve of 
methylmethacrylate /~A/ was analyzed, and the effect 
of poly/vinyl-chloride/ /I=VC/ on the polymerization of 
MHA was investigated. 

Introduction 

Calorimetry is a widely used method in polymer che- 
mistry. Differential scanning calorimeter /DSC/ is often 
used to study phase transitions in polymers, thermo- 
dynamic constants /e.g. specific heat/, heat of thermal 
degradation of polymers, heat of initiator decomposition 
and so on, 

DSC is also suitable to investigate polymerization 
reactions. In that case mostly a modified instrument is 
used at constant temperature to follow the rate of 
polymerization. Different kinetic parameters can be cal- 
culated from the rate curves, such as heat of polymeri- 
zation, rate constants /HORIE 1968, HORIE 1969, HORIE 
1970, HORIE 1975, BEVINGTON 1977, MOOR~ 1975, WRIGH~ 1978/. 

Calvet-type microcalorimeter has been used for in- 
vestigation of grafting of styrene and MHA to air-pre- 
irradiated polyethylene /BARIC 1974, DOB6 1975, BARIC 
1979/. This type of calorimeter is particularly suitable 
for following both grafting and high conversion block 
polymerization. 

In our laboratory a modified Calvet-type microcalo- 
rimeter operated at constant temperature was succesfully 
used for direct and continuous measurement of the rate 
of radiation polymerization of HNA and of the rate of 
radiation grafting of methylmethacrylate to PVC powder. 

Experimental 

A modified Calvet-type microcalorimeter was construc- 
ted in our laboratory especially for radiation chemical 
works. This type of calorimeter shows directly the rate 

0170-0839/81/0005/0551/$01.20 



552 

of heat evolution corresponding to the rate of reaction. 
The sample holders are 1,8 cm~ glass ampules, sealed 
under argon atmosphere. 

The HNA monomer supplied by lerck Schuchardt /for 
synthesis/ was twice destilled before use. Emulsion 
polymerized PVC type Halvic 122 was supplied by Solu 
The polymerization of MNA was initiated by a 3,7.10~P Bq 
/i000 Curie/ Co 60 source at a dose rate of 500 Gy 
15o k.rdlhl. 

Results and Discussion 

The rate of radiation polymerization of MMA is shown 
on Figure i. together with the energy of activation as a 
function of conversion. 
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Fig. i. The polymerization rate and the overall energy 
of activation of MMA as a function of conversion 
at 60o0. Dose rate 500 Gy /50 krd/hour/. 

The rate of polymerization increases virtually from the 
beginning of the reaction. This is connected with the fact 
that the rate of initiation of radiation polymerization 
continuously increases because the polymer, formed, has a 
higher radiation sensitivity than the monomer. 

The gel effect due ~o diffusion-controlled termina- 
tion /TRO~SDORF 1948/ starts at about 20% conversion 
and the rate reaches a maximum at about 30% conversion. 

After the peak a shoulder appears on the curve. Thus, 
between about 45 and 70% conversion, the rate of polymeri- 
zation is nearly constant. 

Finally, the polymerization of ~ is abruptly slowed 
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down at a conversion where the segmental diffUsion of the 
polymeric chain ends and even the translational diffusion 
of the monomer are suppressed because of the transition 
of the polymer-monomer system from a viscous liquid to a 
glass. 

The glass transition temperature of a polymer-monomer 
mixture can be calculated by the following equation first 
derived by Gordon and Taylor /GORDON 1952/ and developed by 
Kelley and Bueche /~,T,~Y 1961/, assuming the additivity of 
the free volumes of the constituents. 

Aep%pTgp + A~ m (i - ~p) Tg m 
m = Ill 

A~pr + Aa m (i ~p) 

where ~ ~ and A~ m respectively are the difference 
between th~ polymer coefficients of the volume expansion 
and monomer in melt and in a glassy state; ~ ~ is the 
volume fraction of the polymer in the system; ~T~ and 
Tzm respectively are the glass transition temperature of 
thee polymer and monomer. On setting T in eq /1/ equal 
to the polymerization temperature and using a value of 
Tg m = -106orc /CHAPIR0 1966/ together with A ~ m = I.IO-~PG 
T~ = ll3OC A ~p = 4,8.10-*/C ~ /BUECHE 1962/ the volume 
fr-~ction of the polymer at which the system shows a transi- 
tion from a viscous liguid to glass was calculated. The 
calculated values of ~ o agree quite well with the final 
conversion value obtaineG from the calorimetric data shown 
in Table 1. 

TABLE i 

The volume fraction of the polymer at the glass 
transition temperature 

Temperatt{re ~ calculated ~ measured 
o K P % P % 

313 82,0 80,0 
323 85,9 85,0 
333 88,5 90,0 
343 91,2 92,0 
353 93,o 93,8 

From the reaction rate, measured at different tempera- 
tures the overall energy of activation was calculated. 
Fig. 1. shows the ~alculated values. 

The effect of PVC powder type Halvic 122 on the rate 
of polymerization of ~ was then investigated. PVC and 
~AAwas mixed in different ratios and the polymerization 
rate curves were obtained by microcalorimeter. From the 
measured rate curves the final conversions were calculated. 
Figure 2. shows the maximum polymerization rates together 
with the final conversions as a function of the composi- 
tion of the PVC-~9~Amixture. 
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Fig. 2. The maximum values of the calorimetric rate 
curves and final conversions as a function 
of PVC:MHA ratio. Measured at 50~ and 500 Gy 
150 krdlhoursl. 

At small ~MA content up to 30~ the maximum rate of 
polymerization is about 5 times higher than that of 
pure MMA. The PVC immobilizes the growing methacrylic 
radicals resulting in a diffusion controlled chain 
termination. Besides, the rate of initiation is increased 
by radicals occuring in the PVG chains during irradia- 
tion. Both these effects increase the overall rate of 
the reaction. These two effects are stronger then the 
diluting effect of the PVC and cause high rate maximum. 
This maximum is rather sharp, as it is shown in Fig. ~. 

The autoacceleration occurs right at the beginning 
of the reaction and on the other hand, the reaction 
rate decreases at small conversion. Increasing the 
amount of MMA the above mentioned accelerating effects 
decrease resulting in a lower rate maximum. The rate 
curve broadens out /Fig. 3B/ and above 50% MMA content 
both the final conversion and the rate maximum is the 
same as those of the pure monomer. 
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Calorimetric ra~e curve of MMA in the 
presence of PVC powder type Halvic 122. 

A - PVC + 35% ~A 
B - PVC + 65% MMA 

50~ 500 Gy /50 krd/hours/. 
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