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Thermogravimetric analysis and pyrolysis in combination with gas chromatography were 
used to study the thermal behaviour of some cross-linked polymers of ethylene glycol 
dimethacrylate. The investigated polymers show a complex thermal degradation mechanism. 
The complexity of the reaction increases together with increase of the ethylene glycol chain in the 
macromolecule and with increase of the pyrolysis temperature. At low temperature, the thermal 
decomposition products of the analyzed polymers are mainly the constifuent monomers. At high 
temperatures, besides the monomer, other decomposition products are formed as a result of 
thermal cracking reactions, i.e. secondary reactions of decomposition and recombination. 

Polymers based on ethylene glycol dimethacrylate find important use as 
chromatographic packings in both gas and liquid chromatography. The cross- 
linked macroporous packings based on methacrylic ersters (mono- and divinylics) 
have a special advantage, as they can directed to products for precise purposes 
[1-3]. 

The characterization of reactive macroporous packings, with special reference to 
the morphological aspects and the macroporous structure, has formed the 
subject of many publications [4-9]. 

Pyrolysis has recently been widely used to evaluate the structure, composition 
and thermal stability of many cross-linked macromolecular compounds [10-15]. 

The present paper deals with the thermal behaviour of some cross-linked 
macroporous adsorbents based on ethylene glycol dimethacrylate: polyethy- 
lenedimethacrylate (PEDM), polydiethylenedimethacrylate (PDEDM) and poly- 
triethylenedimethacrylate (PTEDM). 

The polymers were studied via thermogravimetry (TG), derivative thermo- 
gravimetry (DTG), differential thermal analysis (DTA) and pyrolysis in com- 
bination with gas chromatography (P-GC). 
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Experimental 

The monomers, mono-, di- and triethylene glycol dimethacrylate (technical 
purity), were freshly distilled before use and then polymerized in suspension. 

The polymerization was carried out in a cylindrical vessel provided witb a stirrer 
and a refrigerating system. 400 ml water, a suspension stabilizer (6 g ammonium 
salt of styrene-maleic anhydride and 0.4 g gelatine) and 1.2 g sodium chloride were 
added to the vessel. 

A solution containing 50 g monomer, 50 g toluene and 1.0 g initiator (benzoyl 
peroxide) was prepared separately. This solution was added to the dispersion 
medium, the latter being heated to 70 ~ The suspension was stirred for 16 h at 74 ~ 
At the end of the process the polymer spheres, with sizes between 0.2 and 1.0 mm, 
were washed with water and extracted with methyl alcohol in a Soxhlet apparatus 
for 24 h. The next operation was drying under vacuum at 50 ~ for 50 h. 

The polymer spheres were characterized physically, the measured data being 
listed in Table 1. 

Table 1 Some physical characteristics of potyethylenedimethacrylates studied 

Pores Pores Specific 
Apparent Porosity, volume, diameter, area, Polymer density, % 

g/ml md/g /~ mZ/g 

PEDM 0.4218 66.30 1.57 227.4 276.20 
PDEDM 0.8050 35.60 0.44 395.5 44.50 
PTEDM 0.7492 30.04 0.40 924.8 17.30 

The thermal behaviour of the synthesized polymers was studied by means of a 
derivatograph and P-GC. The TG, DTG and DTA curves were recorded 
simultaneously together with the temperature variation curve. In all cases, the 
experimentalconditions were as follows: sample weight 20 mg; heating rate 
12 deg/min; atmosphere air; reference material a-Al20 3. 

The separation and the analysis of the thermal decomposition products were 
carried out with a Siemens-L-400 gas chromatograph provided with a flame 
ionization detector, under the following operating parameters: the stainless steel 
chromatographic column (2 x 3 mm i.d.) was packed with Chromosorb W 
(60-80 mesh) coated with 10% w/w Apiezon L; the column temperature was 
programmed from 50 to 180 ~ at a rate of 7 deg/min; the weight of sample pyrolyzed 
was below 0.5 rag; argon was used as carrier at a flow rate of 26 ml/min. 
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Results and discussion 

The thermal behaviour ofpolyethylenedimethacrylates shows the involvement of 
a complex degradation mechanism, as evidehced by both thermogravimetric and 
P-GC studies. 

As an illustration of this, Fig. 1 presents TG curves recorded for the three 
polymer samples, while Fig. 2 gives DTG curves. 

The shapes of both the TG and the DTG curves suggest that the complexity of the 
thermal degradation mechanism increases in the following sequence: PEDM, 
PDEDM and PTEDM (the number of thermal degradation stages increases). 

Some thermogravimetric characteristics evaluated from the curves for the 
samples are listed in Table 2. 

It can be seen from Table 2 that there is a common stage for the three polymer 
samples, between 40 and 110 ~ This first decomposition stage could be assigned to 
the volatilization of undesirable components, present in the starting samples. 

Significant percentage mass losses are recorded during the second thermal 
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Fig. 1 T G  curves for decompos i t i on  in a i r  o f  po lye thy lened imethac ry la t e s :  1 - P E D M ;  2 - P D E D M  

and 3 - P T E D M  
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F i g .  2 D T G  curves for decomposition in air ofpolyethylenedimethacrylates:  1 - PEDM; 2 - P D E D M  
and 3 - P T E D M  

T a b l e  2 Thermogravimetric characteristics of  polyethylenedimethacrylates studied 

Polymer First stage Second stage Third stage Fourth  stage 

T, ~ W, %* T, ~ W, % T, ~ W, % T, ~ W, % 

PEDM 40-  60 2 220-450 98 . . . .  
P D E D M  40-110 3 220-400 87 400-525 10 - -  - -  

PTEDM 40-110 3 210-310 46 310-455 47 455-550 4 

* W - weight loss given in percentages 

degradation stage, especially for the PEDM and PDEDM samples. Table 2 
reveals that there is a third thermal degradation stage only for PDEDM and 
PTEDM, and a fourth thermal degradation stage only for PTEDM. 

With the object of estimating the thermal stabilities of the samples, the activation 
energy (E,) was evaluated by means of the differential method of Freeman and 
Carroll [16]. 

The kinetic data obtained for the three polymers, Ea, reaction order (n) and the 
temperature corresponding to the medium decomposition rate (Tin), are listed in 
Table 3. 

It can be seen from Table 3 that PEDM and PDEM have somewhat similar 
stabilities. From the experimental data in Table 3, the following sequence can be 
established for the thermal stabilities of the polymers: PEDM > PDEM > PTEDM. 
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Table 3 Kinetical and thermogravimetric characteristics o f  the polyethylenedimethacrylates studied 

Kinetical characteristics 
Polymer Tin, ~ 

n Ea, kJ/mol 

PEDM 4 212 310 
PDEDM 4 206 280 
PTEDM 4 164 270 

DEDM TEDM DEDM 

d) 

TED 

I EDM 

TEDM TEDM 
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Fig. 3 Typical pyrograms for PTEDM, recorded at various temperatures: (a) 220 ~ ; (b) 310 ~ ; (c) 480 ~ 
and (d) 660 ~ Peaks: EDM (ethylenedimethacrylate); DEDM (diethylenedimethacrylate) and 
TEDM (triethylenedimethacrylate) 
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The thermal stability of the coross-linked dimethacrylate with ethyleneglycol 
polymers decreases with increase of the length of the glycol chain in the 
macromolecule. This observation is in good agreement with the data previously 
reported by Asejeva et al. [17] for the thermal behaviour of some cross-linked 
polymers based on unsaturated esters with ethylene glycol. 

The high value of n found for the present polymers suggests a complex 
degradation mechanism, involving chain reactions. 

Below 400 ~ the data obtained by P-GC show depolymerization processes of the 
polymers studied, with monomers evolved in a proportion of 96-98%. 

At temperatures higher than 400 ~ , besides monomers, the other products appear 
due to cracking reactions. As an example, Fig. 3 a-d show some typical pyrograms 
for PTEDM, obtained at increasing decomposition temperatures. 

Conclusions 

The thermal decompositions of the polymers based on ethylene glycol 
dimethacrylate take place via a complex degradation mechanism. The complexity 
increases in the sequence PEDM, PDEDM and PTEDM. The same sequence is also 
observed for the decrease in thermal stability. 

At low temperature, the thermal decompositions of polyethylenedimethacrylates 
take place by a depolymerization process, which yields the monomers in high 
proportion. On increase of the temperature, the depolymerization is accompanied 
by secondary processes of decomposition and recombination, and by advanced 
cracking. This results in various chemical products, those with low molecular 
weights prevailing among them. 

References 

1 R. Chromo~ek, I. Gavrilov~i and Vd. gatova, 
Makromol. Chem., 135 (1970) 35. 

2 D. Horak, Z. Peltzbouer, Fr. Svec, J. Labsky 
and M. Blaha, Angew. Makromol. Chem., 117 
(1983) 117. 

3 D. Horak, Z. Peltzbouer, Fr. Svec and J. 
Kalal, J. Appl. Polym. Sci., 26 (1981) 3205. 

4 J. Kopacek and D. Lim, J. Polym. Sci., A-I, 9 
(1971) 147. 

5 A. Caragheorgheopol, H. Caldararu, G. 

Hubca, C. Oprescu and M. Dimonie, Rev. 
Roumaine Chim., 27 (1982) 969. 

6 D. Zh. Cornova, D. T. Glumova, F. M. 
Lebedeva, V. Ye. Kruchinina, V. L. Krosner, 
S. L. Andrionova, K. S. Zakharov, I. T. 
Borisova and P. G. Belanovskaya, Vyso- 
komol. Soedin., Ser. A, 23 (1981) 2244. 

7 V. B. Ozerkovskii and V. P. Roshchupkin, 
Vysokomol. Soedin., Ser. A, 12 (1970) 784. 

8 J. Hradil, J. Chromatog., 144 (1977) 6. 

J, Thermal Anal. 34, 1988 



CA$CAVAL et al.: THERMAL DEGRADATION 317 

9 L. D. Turkova, B. G. Belenkii, M. Yo. 
Danikova and L. J. Medvedeeva, Zh. Anal. 
Khim., 27 (1972) 410. 

10 J. R. Parrish, Anal. Chem., 45 (1973) 1659. 
11 J. R. Parrish, Anal. Chem., 47 (1975) 47. 
12 E. Blasius and H. Haueusler, Fresenius Z. 

Anal. Chem., 277 (1975) 9. 
13 N. Sellier, C. E. R. Jones and G. Guiochon, 

Analytical Pyrolysis, Ed. Elsevier, Amsterdam 
1977, p. 309. 

14 C. N. Ca~caval I. A. Schneider, Ig. P0inescu 
and M. Butnaru~ Europ. Polym. J., 15 (I979) 
661. 

15 C. N. Casqaval and Ig. C. Poinescu, J. 
Thermal Anal., 30 (1985) 943. 

16 E. S. Freeman and B. Carroll, J. Physik. 
Chem., 62 (1958) 314. 

17 R. M. Asejeva, S. N. Lamartin and G. E. 
Zaikov, Kunstst. Fortschrittsber., 7 (1980) 
107. 

Zusammenfassung - -  Zur Untersuchung des thermischen Verhaltens einiger quervernetzter Polymere 
auf ,~thylenglykoldimetacrylatbasis wurden thermogravimetrische Analyse und Pyrolyse in Zusam- 
menhang mit der Gaschromatographie angewendet. Die untcrsuchten Polymere zeigten einen 
komplexen thermischen Zersetzungsmechanismus. Die Komplexizit/it der Reaktion nimmt mit 
Zunahme der Anzahl der ~thylenglykolketten im Makromolekiil und mit Zunahme der Pyrolysentem- 
peratur gleichermal3en zu. Bei niedrigeren Temperaturen stellen die Hauptzerfallsprodukte der 
analysierten Polymere haupts/ichlich deren Monomere dar. Bei h6heren Temperaturen werden als 
Ergebnis thermischer Krackreaktionen, z. B. sekund/ire Zersetzungs- und Rekombinationsreaktionen, 
neben den Monomeren auch andere Zersetzungsprodukte gebildet. 

Pe3mMe - -  TepMorpaBnMeTpI4qecrn~ aHa.lllt3 14 nttpoJ/n3 a KOM6HHaIItlH C ra30sofi xpoMaTorpaqbx4e~ 
6i, l~n rlcrtoJlb30Banbl ~IJi~ H3y~lenn~t TepMtt,/ecI<oro noae~enr~a neroTopblx cmnTr, lX no~nMepoB 
3Tnaenr~nro~a c ,RHMeTH~aKpI4.rlaTOM. I'[oanMepbl noKa3a.,qn c.rloxnl,l~ Mexann3M TepMttqecKoFo 
pa3.qoxerma. C~OXXHOCTb pearttHfi yaeanqrmaerc~ c yaemt,~emteM B maKpoMoJIeKyne 3Tn.nerw~nxo~b- 
HO~ tlenn n yBe~nqenneM TeMnepaTypbl. l lpn  nH3KO~ TemnepaType maaBnuxm npoayxTaMU 
pa3JaoxeHrl~ noaI, IMepon 6bIaH MOHOMepnble roranonenTbl, l-Ipn BbICOKaX TeMnepaTypax, napa~y c 
MOHOMepaMH, 06paayIoTCa H JIpyrae npo:lyKTht pa3aoxeHna, raK pe3yar~TaT npoTerani4a BTOpr~'mblx 
peaKl2n~ pa3.aoxenna rl peKoM6rmaurlH. 
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