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Simulation of radical polymerization of methyl 

methacrylate at room temperature using a tertiary 

amine/BPO initiating system  

Alexander Zoller, Didier Gigmes, Yohann Guillaneuf* 

The decomposition kinetics of the initiation reaction between benzoyl peroxide (BPO) and a 

tertiary amine, either dimethyl-p-toluidine (DMT) or dihydroxyethyl-p-toluidine (DHEPT), 

had been studied by infrared spectroscopy (IR) and an Arrhenius plot had been established. 

Based on these results a polymerization model of methyl methacrylate (MMA) at room 

temperature was developed. The model uses both, free-volume models and empirical models 

for propagation, termination and several side reactions. It describes the conversion in a very 

broad range of reaction conditions, which are in good agreement with experimental data. This 

study shows significant differences between DMT and DHEPT in gel time and molar mass of 

PMMA, which are investigated and explained. 

 

Introduction 

Over the last years, an increasing interest in polymerization of 

MMA and/or other acrylic monomers at room temperature 

arose for different application fields such as construction,1 bone 

surgery,2, 3 medicinal applications,4, 5 dentistry6 and 

composite.7-9 The use in dentistry or bone surgery for example 

needs to be carried out in the human body that means that the 

polymerization has to be performed at 37 °C.10 Another 

challenge is the production of large construction pieces of 

PMMA such as hulls which can not be heated completely.11 For 

these new production opportunities, the polymerization at low 

temperature is economically and ecologically very interesting 

as it is an energy saving method without additional heating. A 

mixture of PMMA and MMA is often used since this syrup 

enables faster polymerization and higher viscosities, which is 

easier to handle when manipulated (e.g. dental application). 

Another advantage of the polymerization of MMA at room 

temperature is to enable controlling the exothermic reaction 

inherent to the polymerization of this monomer. 

 

The initiating system composed of benzoyl peroxide in 

combination with a tertiary amine, such as dimethyl-p-toluidine 

(DMT) or dihydroxyetyhl-p-toluidine (DHEPT) for radical 

polymerization of methyl methacrylate (MMA) at room 

temperature is known since the 1950s.12, 13 The mechanism is a 

complex reaction sequence with a nucleophilic attack of the 

tertiary amine on the peroxide bond of the BPO molecule 

followed by a redox reaction and formation of a benzoyloxy 

radical and a carbon-centered radical derived from the tertiary 

amine. The kinetics of such reaction has been scarcely studied 

with only paper about the half-life time obtained by iodometric 

titration.12 Based only on polymerization conversion profiles, it 

was found that the para-substituent of the tertiary amine plays 

an important role on the decomposition kinetics.13 Basically, an 

electron acceptor accelerates the reaction and a donor slows it 

down.  

During the bulk polymerization of vinyl monomers and 

specially the polymerization of methacrylate derivatives, the 

diffusion of various chemical species plays an important role 

and many kinetic parameters become quickly diffusion 

controlled leading to drastic changes of the polymerization rate. 

Many models were then developed to simulate such systems14-

16 but the room temperature polymerization of MMA was not 

investigated. Some authors tried to rationalize the kinetics of 

the bulk polymerization at room temperature of di-functional 

methacrylate derivatives using numerical simulations.17 

Nevertheless the creation of a solid network requires taking into 

account several side reactions that could be eliminated in a 

mono-functional system.  

Based on already existing methodologies, this work aims at 

establishing a robust kinetic model of the radical 

polymerization at room temperature of methyl methacrylate, 

using the simulation software PREDICI. This software based 

on the Galerkin h-p-method and developed by M. Wulkow was 

proven to be an invaluable tool for describing molecular weight 

distributions and polymer reaction kinetics for a large range of 

polymer processes.18 Compared to other numerical simulations, 

the model we used required a reduced number of estimated 

parameters, which are physically meaningful. For the initiation 

step, which is essential for polymerization reactions, the 
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decomposition kinetics of BPO/tertiary amine was measured by 

IR and an Arrhenius plot was established, as no kinetic rate 

constant for the BPO/tertiary amine was described in the 

literature. For the propagation step, we used the free-volume 

model developed by Achilias et al.17 and for the termination 

model, we adapted an empirical model by Russell et al.19 The 

importance of the transfer to the initiator has been also 

highlighted. Another aspect, which will be discussed in this 

study is the appearance and the modeling of a bimodal 

distribution, which has been already observed in the bulk 

polymerization of MMA at temperatures between 50 and 

90 °C.20 The model was then applied to both, pure MMA 

polymerization and PMMA/MMA syrup polymerization. 

 

Model development 

The different polymerization steps, which were taking into 

account to model the MMA polymerization initiated by a 

decomposition reaction involving BPO and a tertiary amine, are 

shown in Figure 1. After the decomposition step, the 

anilinomethyl radical and the benzoyloxy radicals initiate the 

polymerization. We considered that the termination occurs by 

both combination and disproportionation, even if it is well-

known that in the case of MMA, the disproportionation is 

predominant. 22, 23 

  
Figure 1. Scheme of a “bicomponent” Free Radical Polymerization (FRP) with 

I=Initiator, A=Amine, R=Decomposition Component, M=Monomer, radicals are 

denoted with a dot. f is the initiator efficiency. kd, ki and kp, are respectively the 

rate constant of decomposition, initiation and propagation. ktc and ktd are the 

rate constant of termination respectively by combination and 

disproportionation. ktr,A/I; ktr,M and ktr,p are the rate constant of transfer 

respectively to A/I, the monomer and the polymer. 

The efficiency of the initiating system is very important to 

model polymerization reactions. Achilias and coworkers 

proposed a model for the initiator efficiency and the 

propagation rate constant which is based on the free volume 

theory.17, 24 The term 4�������, which is used in the model 

was taken from the Smoluchowski equation25 with the 

Avogadro constant NA, the effective reaction radius of the 

polymer rp and the diffusion coefficient Dm of the monomer. 

The latter coefficient was usually fitted from polymerization 

rate and conversion. To estimate such parameter, we used the 

Achilias equation (see ESI for details) and the experimental 

data that was experimentally observed by Karlsson and 

coworkers.26 This approach led to a good agreement between 

theoretical and experimental data as shown in Figure 2.  
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Figure 2. Experimental diffusion coefficient Dm (squares) of MMA in bulk MMA 

polymerization at 50 °C extracted from reference 
26

 vs. modeled diffusion 

coefficient (line). 

The termination rate constant kt is described by mainly four 

different regions during the polymerization of MMA.27 The 

first region is dominated by segmental diffusion where kt stays 

almost constant. In the second region the termination rate 

decreases rapidly as the viscosity increases during the gel 

effect. The third region has a constant low termination rate 

where the motion of the polymer becomes very slow and the 

movement is due to monomer addition at the chain ends. In the 

last region, kt declines sharply again due to the glass effect. The 

IUPAC working group “Modeling of Polymerization Kinetics 

and Processes”28 was working on the evaluation of termination 

rate coefficients. It was stated that due to the strong dependency 

on the polymerization system (chain length, conversion, 

viscosity, temperature etc.); it is very difficult to compare and 

to obtain termination rate coefficients that could be used for all 

the systems. Therefore an empirical termination model of kt in a 

similar manner that was done by Russell et al.19 and describing 

the different conversion areas, was chosen but the parameters of 

eq. (1-4) were determined to fit our experimental conditions. 

The model contains four different areas defined by: 

 	
��� < 0.35:	�� = ��,� ∗ 
1 − 	
��� 
(1) 

 

 
0.35 ≤ 	
��� < 0.5:	ln	
��

= 27.5 − 35 ∗ 	
��� 

(2) 

 

 0.5 ≤ 	
��� < 0.78:	ln	
�� = 15 − 10 ∗ 	
��� 
(3) 

 

 
0.78 ≤ 	
��� < 1: ln
�� = 28 − 26.6 ∗ 	
��� 

 
(4) 

with kt0 equals to 1.984 × 108 × exp(-5.89 kJ/RT) L.mol-1.s-1.29 

The first section (eq. 1) corresponds to the segmental diffusion, 

Decomposition: I + A I + A

Initiation: A / I + M RM

kd

ki

Propagation: RMn + M RMn+1

kp

Termination: RMp + RMn

ktc

RMp + RMn
ktd

RMp+nR

RMpH + RMn
=

M + RMn

ktr,M
M + RMn

ktr,A/I
I / A + A / I +Side Reactions:

I / A+ RMn

ktr,P
RMnR

RMn RMn
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whereas the second (eq. 2) is related to the translational 

diffusion. The following lower decrease in kt was assigned to 

control by reaction diffusion (eq. 3 and 4).27, 30 Such behavior 

has been already described31 but using different experimental 

conditions. Buback27 already fitted experimental data with an 

equation that take into account the viscosity change of the 

medium along the polymerization process. As such property 

was not determined in our work we choose the empirical 

termination model that led to similar kt vs conversion 

dependences. This assumption is also supported by the fact that 

the initiator concentration range is chosen to have gel time 

between 30 min and 4 hours and thus the viscosity of the 

medium before the gel point is roughly similar and do not lead 

to drastic changes in the kt behavior. 

 

Figure 3 shows the termination rate coefficient vs. MMA 

conversion using the equations (1)-(4) described above.  
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Figure 3. Empirical termination rate coefficient kt vs. MMA conversion. 

Several side reactions are first taken into account such as the 

transfer to monomer and initiator as well as termination by 

initiator radicals. As they are reactions between a macroradical 

and a small molecule, the free volume model, which was 

applied for propagation, was used for these reactions. The 

kinetic model is described in detail with all kinetic and physical 

constants in Supporting Information. 

 

Results 

Decomposition of BPO/Amine 

The decomposition kinetics of BPO with a tertiary amine is 

crucial for the polymerization of MMA at room temperature. 

To our knowledge there is nevertheless no Arrhenius law which 

could be used to model this reaction. The mechanism is a 

complex reaction sequence with a nucleophilic attack of the 

tertiary amine on the peroxide bond of the BPO molecule 

followed by a redox reaction and formation of a benzoyloxy 

and an anilinomethyl radical that is a carbon-centered radical 

derived from the tertiary amine (Figure 4).32 The decomposition 

of the benzoyloxy radical to CO2 and a phenyl radical33 was not 

taken into account for this model. 

 
Figure 4. BPO activation and formation of radicals with tertiary amine. 

Preliminary decomposition studies were unsuccessfully 

performed by HPLC since no good separation of the reactants 

could be obtained (see ESI for details). On the contrary, 13C-

NMR allowed a good separation of both reactants and products 

but to obtain a good signal to noise ratio, the concentration of 

the reactant has to be above 0.05 mol.L-1 accelerating the 

kinetics too much to allow its study by this technique. and this 

whatever the temperature (– 20 to 20 °C, see ESI for details). 
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Figure 5. IR-spectra of the reaction 0.1M BPO + 0.1M DHEPT in CHCl3 at 25 °C. 

The kinetics was finally studied by IR in chloroform with 

different equimolar concentrations (0.01 M – 0.1 M) of 

BPO/Amine at several temperatures (0 °C – 50 °C). Below 0.01 

M the noise is too important to give analyzable results and 

above 0.1 M, the reaction is too fast to be correctly monitored. 

The peroxide signal of BPO at 1760 cm-1 was used to follow its 

decomposition (Figure 5). More detailed spectra are shown in 

ESI.  

Figure 6a shows the Arrhenius plot of the BPO/DMT and 

BPO/DHEPT decomposition kinetics. The following Arrhenius 

equations were then obtained: 

 

 
ln �$
��% = −26.0	�& '%⁄ + ln832	 

 
(5) 
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	ln �$
�*+,% = −	33.4	�& '%⁄ + ln 7400 

 

The half-life of BPO 0.1 M using an equimolar ratio is close to 

10 min at 20 °C. Such a fast initiation kinetics is totally 

different from the one observed in the case of the bulk 

polymerization of MMA initiated by AIBN between 50 and 80 

°C where a constant amount of initiating radicals is produced. 

In our conditions, more than half of the initiating species are 

consumed before the onset of the polymerization, that means 

before the net increase of the temperature or beginning of the 

gel point (Figure 6b). This result showed that the majority of 

the polymerization takes place with little or no initiation by the 

BPO/Amine system. This feature is characteristic of the 

polymerization of methacrylate derivatives since in similar 

conditions the bulk styrene polymerization do not lead to 

complete conversion (data not shown). The trapped PMMA 

macroradicals were already reported to be long-lived and then 

able to propagate for hours. 34 
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Figure 6. a) Arrhenius plot of the decomposition of BPO + DMT (red dots) / 

DHEPT (black squares). b) Conversion vs time plot of the bulk MMA 

polymerization initiated by 0.75 mol% BPO + 0.75 mol% DMT. 

Analogy between reaction temperature and conversion 

The bulk polymerization of MMA initiated at room temperature 

using the bi-component initiating system BPO/DMT was 

experimentally analyzed by following the increase of the 

temperature. A classical experiment is represented in Figure 7. 

The polymerization proceeds smoothly during the first 30 min 

and then the medium becomes suddenly very viscous and 

finally glassy with a lot of difficulties to determine the 

conversions. Nevertheless to compare the experimental data to 

the PREDICI simulations, the conversion accordance with 

temperature curves was checked by 1H NMR on a reference 

experiment (Figure 7). The conversion at the on-set of the 

temperature curve was measured to 40 %, which corresponds 

also to the region of the beginning of the gelation.25 The 

maximum of temperature was observed at 80% conversion. The 

end of the polymerization was considered to be when the 

temperature cooled down and was measured at 90 % of 

conversion. These experimental and characteristic temperature 

data will be compared in the following study to the conversion 

profile given by the PREDICI simulations. 
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Figure 7. MMA conversion (square) compared to temperature (line) during 

polymerization. 

Investigation on the importance of side reactions 

Several side reactions (transfer to monomer/initiator and 

termination by initiator) are usually taken into account in the 

different models that were developed for the radical 

polymerization of methacrylate derivatives in bulk. It is 

important to know however which reactions steps are important 

in our conditions to obtain a robust model without too many 

estimated or known in the literature widespread constants 

(transfer constant to monomer for example35). The 

polymerization was first modeled with all reactions as a 

reference result. The conversion and SEC data for the model 

without transfer to monomer CM and without termination by 

initiator radicals does not show significant difference. These 

parameters were consequently discarded from the model (see 

ESI for details). In contrary, the transfer-to-initiator, especially 

to the amine, reaction plays an important role as seen in Figure 

8. The conversion vs. time plot stays rather similar, but it can 

be observed that the experimental bimodal distribution that is 
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also observed in the simulations by considering all the 

constants becomes a distribution with almost two separated 

species if the transfer-to-amine reaction is discarded. 
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Figure 8. a) Conversion rate vs. time with all reaction steps (black line), without 

transfer to both BPO and DMT (green line), without transfer to BPO (blue line) 

and without transfer to DMT (orange line). b) SEC data with all reaction steps 

(black line), without transfer to both BPO and DMT (green line), without transfer 

to BPO (blue line) and without transfer to DMT (orange line). 

Bimodal Molecular Weight Distribution (MWD) 

The bimodal molecular weight distribution (MWD) of MMA 

bulk polymerization has already been described at high 

temperature (above 50 °C).20 It takes place during the gelation 

when the conversion is increasing almost instantly and the 

termination rate drops rapidly. This phenomenon was only 

roughly modeled in some publications15 since the conversion 

time dependence was the main parameter studied in diffusion-

controlled polymerization of methacrylate derivatives.36, 37 In 

our experimental conditions, bimodal distributions can be 

observed in both experimental SEC results and modeled data 

(Figure 9). The experimental and modeled MWD are in rather 

good agreement with only experimentally a less pronounced 

population of high molecular weight for high initiator 

concentration (see ESI for details).  

10
3

10
4

10
5

10
6

10
7

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

W
 (
lo
g
 M

)

Molar Mass (g/mol)
 

 
Figure 9: Modeled (thin line) and measured SEC data (thick line) from MMA 

polymerization with a) 0.5 mol% BPO + 0.5 mol% DMT. b) 1 mol% BPO + 1 mol% 

DMT. 

The simulation allowed us to investigate the mechanism of the 

polymerization by following the change of the MWD during 

the polymerization process. As seen in Figure 10, a first 

population of low molecular weight is created at the beginning 

of the reaction. The molecular weight of this first population is 

dependent on the initiator concentration (see ESI) and this 

value does not change much before the gel point even if the 

most of the initiating system has been consumed (Figure 10). 

Once the gel point is reached, a second population of high 

molecular weight grows up. This second population comes 

from the rapid growth of the macroradical species that cannot 

self-terminate (because of the too high viscosity of the media). 

Such phenomenon is characteristic of the RT polymerization of 

methacrylate derivatives even if a small shoulder of higher 

molecular weight at high conversion had also been described by 

Zetterlund et al.38 for the styrene polymerization at 70 °C. The 

presence of such living PMMA macroradicals at the gel point 

and in the final materials was proved by ESR analyses that 

were carried out during the curing of bone cement.34  
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Figure 10. Modeled SEC data (thick line) from MMA polymerization initiated with 

0.5 mol% BPO + 0.5 mol% DMT.  

MMA polymerization with BPO/DMT 

The polymerization of MMA initiated by the bi-component 

system BPO/DMT was studied with different equimolar 

initiator concentrations (from 0.25 mol% to 1.5 mol%). The 

results are gathered in Table 1. The influence of the initiator 

concentration on the polymerization kinetics is shown in Figure 

11. As expected, the polymerization time decreases when 

increasing the initiator concentration. The polymerization takes 

only 35 min with a BPO and DMT concentration of 1.5 mol% 

and 185 minutes for an initiating system at 0.25 mol%.  
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Figure 11. Temperature curves vs. time for different initiator concentrations of 

BPO/DMT (1.5 mol% pink, 1.25 mol% light blue, 1 mol% black, 0.75 mol% green, 

0.5 mol% red, 0.25 mol% blue). 

It has to be noticed that an increase of temperature is observed 

at the beginning of the reaction when increasing the initiator 

concentration probably due to the exothermic decomposition 

reaction between the peroxide and the tertiary amine. For lower 

initiator concentrations the energy coming from the initiator 

decomposition is directly evacuated by the reaction 

environment. The typical temperature profile of the 

polymerization and the conversion simulated with PREDICI is 

shown in Figure 12. Typically, the time corresponding to the 

maximum temperature (the gel point) should be between the 

times corresponding to 40 and 80 % conversion as given by the 

PREDICI simulations. In order to obtain better matching 

between experimental and theoretical data, only the initial 

efficiency and the transfer coefficient from macroradical to 

tertiary amine were fitted to 0.2 and 0.3 respectively. These 

both values were chosen since the decrease of efficiency with 

temperature is well documented39 and for example, a value of 

0.18 for the UV decomposition of azo derivatives at 10 °C has 

been reported.40 Recently Matyjaszewski41 and coworkers 

estimated the transfer coefficient between polyacrylate 

macroradicals and tertiary amines to 0.2, that is a similar order 

of magnitude as our estimate. 

 

 
Figure 12. Temperature profile vs. modeled conversion for 0.75 mol% BPO/DMT. 

 

Whatever the initiator concentration (Table 1), the experimental 

and simulated values of both the polymerization time and the 

molar mass distribution (Mn and Mw) are in rather good 

agreement. It is here important to note that since the model is 

used in very large conditions (0.25 mol% - 1.5 mol% initiator 

concentration, different initiators, different PMMA/MMA 

ratio), it was unrealistic to expect a total and perfect agreement 

between the theoretical and experimental data. 

MMA polymerization with BPO/DHEPT 

The model, that was developed for the BPO/DMT initiation 

system was used as well for the BPO/DHEPT system. DHEPT 

was investigated in this study as it has already been used in 

commercial adhesive systems.42, 43 For biomedical applications 

for example, DHEPT is chosen because of its lower toxicity 

compared to DMT. The temperature profiles of the 

polymerization reactions with different initiator concentrations 

are similar to those of BPO/DMT. The more initiator is used, 

the faster is the polymerization time. Polymerizations are 

interestingly faster compared to BPO/DMT (40 min for 

1.5 mol% DHEPT and one hour for DMT), although the 
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decomposition rate of BPO/DHEPT is lower than that of 

BPO/DMT at room temperature (Figure 6). This should 

normally lead to a decrease of the rate of polymerization, which 

is not observed experimentally.  

To fit the PREDICI simulations and the experimental data, 

adjustments of some of the amine-specific parameters 

(efficiency fBPO/DHEPT, and the transfer constant to amine 

CDHEPT) were necessary. The accordance between simulated 

and experimental data is gathered in Table 2. The time of the 

peak temperature is with these adjustments in the range of the 

model data obtained by PREDICI.  

The higher rate of polymerization for the BPO/DHEPT system 

led us to change the overall efficiency of the radical production 

since in the same time the Mn and Mw of the first population of 

polymer chains are also lower than in case of DMT and thus 

more radicals should be produced. Using an initial efficiency of 

0.3 instead of 0.2 allowed a better fit of the experimental 

kinetic data. The increase of efficiency may be explained by a 

slightly lower bond dissociation energy (BDE) of the C-H bond 

when the methyl group of the DMT is substituted by an 

hydroxy ethyl group. This has already been reported by Lalevee 

and coworkers44 on the reactivity of triethylamine and 

methyldiethanolamine (91.2 and 87.1 kcal.mol-1 respectively). 

The fit of the MWD requires also adjustments of the transfer 

constant to amine CDHEPT with a value of 0.15 instead of 0.3 for 

DMT.  

Such lower value is not in agreement with the lowering of 

BDE. This lower CDHEPT may be explained by the presence of 

four instead of six labile hydrogens on the amino compounds 

coupled with a higher steric hindrance brought by the presence 

of two hydroxy ethyl groups. DFT calculations and a detailed 

kinetic study in the presence of excess amine are necessary to 

confirm these assumptions. 

PMMA/MMA syrup polymerization with BPO/DHEPT 

A mixture of PMMA and MMA with ratios between 25/75 and 

15/85 was studied and modeled. These syrups enable faster 

polymerization times and higher viscosities before 

polymerization. The practical handling of these syrups is often 

easier when applied technically, e.g. in dentistry or 

construction.  

The same model as above was applied with 75 % - 85 % of 

MMA and 25 % - 15 % of PMMA in the starting mixture. The 

initiator concentration is based on the sole concentration of 

MMA. The experimental MWD of the polymer is inserted in 

the PREDICI simulations as starting materials. 

 

Experimentally, the temperature peaks are broadened compared 

to pure MMA polymerization, what might be due to the 

polymer chains, which have a lower heat capacity than MMA 

and the higher viscosity of the medium, that led to a less 

efficient evacuation of the calories (Figure 12a).   

 

The simulated kinetics profiles for the three syrups  with 75/25, 

80/20 and 85/15 PMMA/MMA ratios, are in good agreement 

with the experimental data (see ESI for details). At low initiator 

concentration, the simulated polymerization is slightly faster 

(see ESI). The simulated SEC chromatograms are in good 

agreement with the experimental one (Figure 12b) even if the 

Mw are always underestimated. The small discrepancy between 

experimental and simulated MWD values might be due to some 

variation in the estimation of the kt value when some polymer 

chains are already present in the medium. 

 

 

 

 

 

 

Table 1: Comparison of experimental and simulated polymerization time and molar mass distribution values  with  the BPO/DMT initiating system 

Initiator 

Concentration 

tT,max of 

Polymerization 

PREDICI On-Set 

time 

PREDICI End of 

Polymerization 

Mn - 

SEC 

Mw - 

SEC 

Mn -

PREDICI 

Mw - 

PREDICI 

mol % s s s g/mol g/mol g/mol g/mol 

0.25 9928 10500 12000 126300 535900 84400 364000 

0.5 5810 5200 6100 41100 149000 42400 190000 

0.75 3903 3500 4000 39700 150700 28300 127200 

1 2920 2500 2900 24500 86200 21000 89700 

1.25 2167 2000 2300 23600 85600 16900 76000 

1.5 2063 1700 2000 16800 67500 13900 60100 

Table 2: Comparison of experimental and simulated polymerization time and molar mass distribution values  with  the BPO/DHEPT initiating system 

Initiator 

Concentration 

tT,max of 

Polymerization 

PREDICI On-

Set time 

PREDICI End of 

Polymerization 

Mn - 

SEC 

Mw - 

SEC 

Mn -

PREDICI 

Mw - 

PREDICI 

mol % s s s g/mol g/mol g/mol g/mol 

0.25 6437 7100 8100 54900 163000 69900 227000 

0.5 4092 3700 4200 34200 97100 35600 120000 

0.75 2625 2400 2700 25500 88500 23800 79500 

1 2283 1900 2200 20800 72600 17900 61300 

1.25 2133 1500 1700 16500 59400 14200 46700 

1.5 2227 1300 1500 13600 49200 11900 40800 
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Conclusion 

This study presents the development of a kinetic mathematical 

model for the radical bulk polymerization of MMA at room 

temperature. The simulations were based on physical 

parameters by using the free-volume theory (reactions between 

macromolecules and small molecules) and also an empirical 

model for the termination rate constant. Compared to other 

studies, only a couple of parameters have been estimated. The 

decomposition kinetics for the BPO/tertiary amine initiating 

system has been measured by IR and an Arrhenius plot was 

established and used in the model. Unlike other studies in 

diffusion-controlled polymerization, the initiation step is very 

fast and most of the initiator is consumed before the gelation 

point.  

 

 
Figure 12. a) Temperature profile vs. modeled conversion for 1 (blue) and 0.5 

(black) mol% BPO/DHEPT. b) Modeled (dashed line) and measured SEC data 

(thick line) for MMA polymerization with 1 (blue) and 0.5 (black) mol% 

BPO/DHEPT. 

The model was successfully tested for a wide range of 

experimental conditions (large range of initiator concentration, 

different initiating systems, pure MMA bulk polymerization, 

and polymerization of PMMA/MMA syrups in various 

compositions). 
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