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TG and DTA data are used to show that the thermal decomposition of polymethyl- 
methacrylate (PMMA) synthesized with anionic catalysts depends on the nature of 
the catalyst. It is found that the thermal stability of PMMA obtained by using anionic 
amide catalysts is higher than that of radical PMMA and of PMMA obtained with 
other anionic catalysts, and depends on the temperature of polymerization and on the 
molecular weight of the polymer. 

Present methods of thermal analysis afford ample possibility for the investi- 
gation of polymer behaviour at elevated temperatures. The results of  thermal 
analysis permit not only the determination of the limits of  thermal stability, but 
also the establishment of  a correlation between the method used for the synthesis 
of  the polymer and the character of  its thermal decomposition. The polymethyl- 
methacrylate (PMMA) chosen for our investigations differs from the samples 
previously investigated in the nature of  the catalyst, which is known to determine 
the polymer structure. A combined T G -  DTA method of  observing the thermat 
decomposition process makes it possible to choose opt imum methods for synthe- 
sizing P M M A  with favourable properties. 

Although many papers deal with PMMA, only a few of these are concerned 
with the problems of its thermal decomposition [ 1 -  5], the decomposition being 
studied under isothermal conditions. Thermogravimetry was carried out only by 
McNeill [6], who discussed the results for several P M M A  samples synthesized 
under different conditions. It should also be noted that, with the exception of  
McNeill 's work, thermal analysis was carried out on P M M A  samples synthesized 
in the presence of radical catalysts. 

We chose P M M A  obtained by using Et2A1NPh 2 (aluminium-amide) as the main 
object of  this investigation. In contrast to alkyls of alkali and alkaline earth metals, 
alkyl aluminium cannot initiate anionic polymerization of vinylic monomers.  
This is due mainly to the low polarity of the A1-- C bond. Compounds with a more 
polar bond, such as aluminium mono-, di- and triamides, may be used as initia- 
tors of  ionic polymerization [7, 8]. It is noteworthy that data on the mechanism 
of chain initiation and propagation in polymerization with aluminium amides 
as catalysts are scarce, and the characterization of the thermal decomposition 
of polymers obtained by this method is completely lacking. 
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Simultaneously with a study of the details of polymerization with aluminium 
amide (this work is in progress), we have made an attempt to determine the effect 
of changes in the nature of the anionic initiator used on the character of the decom- 
position of the polymer obtained with this initiator. Many circumstances indicate 
the possibility of this effect. First, the polymer synthesized in the presence of 
aluminium amide is more stereospecific (syndiotactic) than the polymer obtained 
by using BuLi in a polar medium. Secondly, the process taking place under the 
effect of aluminium amide is very peculiar. Thus, the influence of electron donors 
on the polymerization differs profoundly from their effect on the usual anionic 
polymerization. The introduction of catalytic amounts of strong electron donors 
(THF, HMPA, DMF)both in the initiation and in the propagation step com- 
pletely inhibits polymerization, and the introduction of the weak electron donor 
Bu20 suppresses it to a considerable extent [9]. These facts suggest that the 
monomer takes part in the chain initiation and propagation as an electron donor. 
Probably as a result of complex formation, both the monomer double bond and 
the organoaluminium compound are activated and this ensures effective develop- 
ment of the polymerization. This mechanism of polymer chain formation presum- 
ably leads to a more regular structure. This, in turn, should affect the character- 
istics of the thermal composition. Finally, the introduction of specific end-groups 
should also affect the thermal decomposition. 

To elucidate the specificity of PMMA synthesized by using aluminium amide 
catalyst we have studied the thermal decomposition of PMMA samples obtained 
with common anionic (BuLi and LiNPh2)and free radical (benzoyl peroxide 
and the system benzoyl peroxide-AtEt3) catalysts [10]. 

Experimental 

Commercial methyl methacrylate and commercial solvents were purified in the 
usual manner [11] with subsequent degassing and drying over butyl lithium. The 
catalysts Et~A1NPh 2 and Ph~NLi were synthesized according to Murahashi et al. 
[8]. The second catalyst was used in toluene suspension, butyl lithium was synthe- 
sized by the method described in reference [12], commercial benzoyl peroxide 
was purified in the usual manner, and AIEt3 was used without additional purifica- 
tion. Polymerization was carried out in single-chamber ampoules, monomer, 
solvent and catalyst solution being introduced consecutively. After the completion 
of the process the polymer was precipitated into petroleum ether, washed, and 
dried to constant weight. For subsequent investigations the polymer was reprecip- 
itated from chloroform solution into petroleum ether. The viscosity was deter- 
mined in chloroform at 25 ~ . The molecular weight was calculated from the 
equation [t/] = 3.4. 10-SM ~ [13]. 

Thermogravimetry was carried out with a Paul ik-Paul ik-Erdey derivato- 
graph in air at a heating rate of 6~ and with a sample weight of 50 rag. The 
NMR spectra were recorded with a Varian-60 spectrometer in orthodichloro- 
benzene solution at 182 ~ . 
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Results and discussion 

The PMMA samples which had not been previously investigated were synthe- 
sized with anionic catalytic systems. PMMA samples obtained with common 
radical catalysts and under low-temperature conditions [10] were used for simul- 
taneous comparative investigations. The results of thermogravimetric analysis 
shown in Table 1 indicate that the initial temperature of  the thermal decomposi- 
tion of anionic PMMA samples is in many cases much higher than for samples 
synthesized by radical mechanism. In extreme cases this difference attains 90 ~ . 

The thermal curves of samples 3 and 11 show considerable differences in char- 
acter (Fig. 1). The two-stage process of the thermal decomposition of "radical" 
PMMA (Fig. la) agrees with the mechanism suggested previously [4], according 
to which in the thermal decomposition of PMMA two reactions compete: 
random degradation of polymer chains and depolymerization of both the initial 
chains and the fragments. 

In contrast to this, the thermal decomposition of sample 3 (Fig. lb) is mono- 
modal and presumably* consists only in depolymerization accompanied by a 
pronounced endothermic effect. 

The conditions of methacrylate polymerization in the presence of an ionic 
catalyst prevent the formation of unsaturated double bonds at the chain-ends 
of the PMMA macromolecules. As a rule, the initiation of the thermal decompo- 
sition of PMMA obtained with radical catalysts occurs on these bonds. It may 
be assumed that in the case of  the catalysts investigated the terminal N(Ph)2 
groups in the polymer play the part of traps for free radicals, or that the amide 
group reacts with the peroxide formed, destroying it without the generation of 
free radicals [14]. This favours the increase of the initial temperature of thermal 
decomposition. 

When radical catalysts are replaced by anionic ones, a change occurs in the 
whole process of the thermal decomposition of PMMA, with a considerable 
increase in the initial temperature of the decomposition (point of weight loss 
deflection). 

In contrast to this, a change in the polymerization conditions in the presence 
of anionic catalysts does not alter the general picture of the process, but causes 
a proportional increase in the initial temperature of  decomposition both when 
the polymerization temperature is lowered (samples 1 --3) and when the molec- 
ular weight is increased to a certain limit (samples 3 -  5). For PMMA synthesized 
on BuLi (in THF  or in toluene) (samples 9 -- 10) the picture of the thermal decom- 
position differs both from that for the "radical" PMMA (Fig. la) and from that 
for the PMMA obtained in the presence of Et2A1NPh 2 and LiNPh 2 (Fig. lb and d). 
It is of interest to note the character of degradation of PMMA synthesized on 
butyl lithium: the consecutive decompositions of chain fragments with different 
thermal stabilities (DTG curve, Fig. lc). 

* The  p r o d u c t s  o f  t he  t h e r m a l  d e c o m p o s i t i o n  were  n o t  inves t iga ted .  
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Thus, the considerable differences in the characters o f  the thermal decomposi -  
tion o f  the P M M A  samples synthesized with radical, anionic (BuLi) and anionic  
amide catalysts illustrate the effect o f  the nature o f  the initiator on the structure 
o f  the P M M A  macromolecule.  A marked increase in thermal stability, and the 
high stereoregularity o f  the P M M A  obtained in the presence o f  Et2A1NPh 2 are 
the advantages o f  this catalyst as compared  to radical and c o m m o n  anionic ca ta -  
lysts. I t  may  be added that  this catalyst is more  convenient  to work  with than 
are the catalysts insoluble in hydrocarbon  solvents, in part icular  LiNPh2. 

So far the N M R  data on the stereoregularity o f  the polymers  under investi- 
gation given in Table 1 do not  permit any suggestion as to the effect o f  tacticity 

Table 1 

Conditions of synthesis and PMMA properties 

Sample  
No.  

5 
6 
7 
8 
9 

10 
11 
12 

Polymeri-  
zat ion 

I Catalyst  tempera-  

I ture, ~ 

i 

Et2A1NPh 2 ] -- 30 
Et2AINPh2 i~ -- 50 
EtzA1NPh 2 [ -- 78 
EtzA1NPh~ I -- 78 

I Et.AINPh 2 --78 
Et;AINPh~ I --78 
Et2AINPhe i -- 78 
LiNPh2 I -- 78 

--78 LiBu (in toluene) i 
LiBu (in THF) i --78 
Benzoyl peroxide +20 
Benzoyl peroxide q- 

i A1Et 3 ! --20 
i 

Mol. 
weight  
10- :' 

60 
64 
57 
10 
32 

100 
175 
207 
140 
66 

2000 

35 

Stereoregular i ty  

syndio iso hetero 

77 0 23 
79 -- 21 
77 0 23 
73 9 18 
77 0 23 

82 2 15 
8 63 29 

13 70 17 
64 4 32 

74 2 24 

Initial  
t empera ture  
of  thermal  

decomposi t ion ,  
~ 

240 
250 
280 
245 
270 
265 
255 
260 
230 
210 
190 

200 

on the parameters  and the character of  the thermal decomposi t ion o f  P M M A .  
Further  investigations and interpretation of  the structural effects on the thermal 
stability are required. Nevertheless, even at this stage far greater possibilities o f  
regulating the structure o f  P M M A  in the course o f  synthesis are provided by the 
method of  anionic polymerization,  which permits an increase o f  the thermal sta- 
bility o f  the polymers considered. 

C o n c l u s i o n s  

1. T G  and D T A  results have been used to illustrate the effect o f  the nature o f  
the catalyst in P M M A  synthesis on the character  o f  the thermal decomposi t ion 
o f  the P M M A .  

2. It  has been found that the thermal stability o f  most  P M M A  samples synthe- 
sized with anionic catalysts is higher than that  o f  "radical"  P M M A .  
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3. A d e c r e a s e  in  t h e  p o l y m e r i z a t i o n  t e m p e r a t u r e  o f  m e t h y l  m e t h a c r y l a t e  w i t h  

a n i o n i c  c a t a l y s t s  a n d  a n  i n c r e a s e  i n  t h e  m o l e c u l a r  w e i g h t  o f  t h e  P M M A  (up  t o  

a c e r t a i n  l imi t )  c o n t r i b u t e  to  t h e  i n c r e a s e  o f  t he  t h e r m a l  s t ab i l i t y  o f  t h e  P M M A .  

The authors are indebted to A. I. Koltsov and V. M. Denisov for recording the N M R  
:spectra of the polymers. 
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R~SUM~ -- On montre,  tt part i r  des donn~es TG et ATD, que la d6gradation thermique du 
polym6thylm6tacrylate (PMMA) synth6tis6 avec des catalyseurs anioniques d6pend de la 
nature  de ceux-ci. La stabilit6 thermique du P M M A  obtenu avec des catalyseurs anioniques 
de type amide est plus 61evde que celle du P M M A  obtenu avec d 'autres  catalyseurs anioniques 
et elle d6pend de la temp6rature de la polym6risation ainsi que de la masse mol6culaire du 
polym6re. 

ZUSAMMENFASSUNG - -  An Hand  von TGA und DTA-Angaben  wurde gezeigt, dab die ther- 
mische Zersetzung des du tch  anionische Katalysatoren synthetisierten Polymethylmetha- 
crylats (PMMA) v o n d e r  Beschaffenheit des Katalysators abh/ingt. Es wurde gefunden, dab 
die Thermostabilitt i t  des unter  Anwendung yon anionischen Amid-Katalysatoren erhaltenen 
P M M A  hOher ist als die des radikalen P M M A  oder des mit anderen anionischen Katalysa- 
toren erhaltenen P M M A  und dab  sie dart iberhinaus yon der Polymer isa t ions tempera tur  und 
dem Molekulargewicht des Polymers abhtingt. 

Pe3~oMe - -  Ha OCHOBaHHH )laHHBIX TGA r~ DTA uoKa3aHo, ~TO npouecc TepMH'~ecKo~ ~Ie- 
7,TpyIo-IHH HOHHMeTI4;qMeTaKpH~aTa, CHHTe31tpOBaHHOFO Ha aHHOHHI, IX KaTayiH3aTopax, 3aBH- 
=tiT OT nplapoln~i Hcno.rlb3OBaHHOFO B HO.rmMepH3aUHH KaTan~t3aTopa. YCTaHOBYleHO~ ~ITO Tep- 
MOCTa6HYlBHOCTB PMMA, noJiytleHHoro Ha aMH~HBIX aHHOHHBIX KaTaJIH3aTopax BBII.Ue Tep- 
MOCTa6HJ'It, HOCTH pa)lHKaJ'lhHOrO P M M A  r~ PMMA,  no.rIyqeHHoro r~a )lpyrHx aHHOHHblX KaTa- 
nri3aTopax H 3aBHCHT OT TeMnepaTypbI HOaHMepH3atIHH H MOJIeKyn~pnoro Beca nOY~HMepa 
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