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The processes of thermal destruction of copolymers of styrene with zinc, cobalt, nickel 
and copper acrylates have been studied by TG and the temperature characteristics have been 
determined. While the thermal stability of zinc-containing copolymers increases at higher 
metal contents, that of other metal-containing copolymers decreases and, depending on the 
metal, changes in the sequence Co > Ni > Cu. 

The kinetic parameters n, E a, Z and AS have been determined by the Horowitz-Metzger 
method and discussed. The resulting E a sequence is in agreement with the observed se- 
quence of thermal stability of the copolymers. The entropy factor suggests thermodynamic 
hindrance in the decomposition of copolymers of low thermal stability and a preference for 
the decomposition of copolymers of high thermal stability. 

The thermal degradation of polymers has often been studied, but investigations on 
the thermal behaviour of copolymers prepared from metal-containing monomers are 
scarce. The dependences of the yield and the mechanism of degradation on the content 
of some alkali metal methacrylates in copolymers with methyl methacrylate have been 
investigated [1]. A thermogravimetric study [2] of styrene-acrylic acid copolymers 
and their sodium salts containing up to about 15 mole% of polar mers revealed the 
higher thermal stabilities of the salt derivatives than those of the parent copolymers 
and polystyrene. 

We have previously studied [3] the thermal decompositions of zinc(l l) ,  cobalt( l l) ,  
nickel(l l) and copper(ll) acrylates and their polymers. In the present work we have 
made an attempt to characterize the thermal stabilities and kinetics of decomposition 
of copolymers of these metal acrylates with styrene. 

Experimental 

The preparation of the copolymers and the conditions of thermal analysis have 
been described previously [3, 4]. 
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Determinat ion o f  kinetic parameters 

The reaction orders (n) and activation energies of decomposition (E a) were deter- 
mined by the Horowitz-Metzger method [5]. 

The preexponential factor (Z) and the entropy of activation (/kS) were calculated 
from the equations [6] 

and 
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where k is the Boltzmann constant, h is Planck's constant, # is the heating rate, C s is a 
parameter related with the sample weight [5] and T s is the temperature corresponding 
to the maximum rate of decomposition, read off the DTG peak. 

Results and discussion 

Thermal behaviour o f  copo/ymers 

Figure 1 shows the thermal curves of the copolymers containing about 7 mole% of 
Zn, Co and Ni acrylates, as examples of the thermal decomposition of copolymers 
containing various kinds of metal acrylates. 

More detailed data concerning the thermal degradation of all copolymers under 
study are given in Table 1. 

From Table 1 it is seen that in general the maximum rates of decomposition corre- 
spond to the temperatures where 60% weight losses are observed. 

The changes of IDT, DT at different weight losses and T s for the copolymers in 
relation to polystyrene indicate various patterns of thermal resistance. The thermo- 
stability of zinc-containing copolymers increases with increasing metal content, while 
those of other metal-containing copolymers decrease with intensities depending on the 
nature of the metal. The observed thermal stability sequence for the copolymers, 
A2Zn-St  > A2Co-St  > A2Ni -S t  > A2Cu-St  (A2M = metal acrylate, St = styrene), 
is in good agreement with the observed thermal stability sequence for the corre- 
.sponding metal acrylates and polyacrylates [3]. 

Zinc-containing compounds have often been found to possess high thermal stability 
[3, 7 -9 ] .  This may be due [8] to the pseudo-inert gas structure of zinc(ll) and its 
existence in only one oxidation state. The higher thermal stability of zinc acrylate and 
polyacrylate [3] relative to polystyrene indicates the thermal reinforcement to a 
copolymer. The lowering of the thermal stabilities of styrene copolymers with cobalt, 
nickel and copper acrylates may be explained by the catalytic action of these transi- 
tion metal ions, facilitating thermal decomposition. Polyvalent cations capable of 
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Fig. 1 TG, DTG and DTA curves of styrene copolymers containing Zn acrylate (6.98 mole%) 
( -  -- - ) ,  Co acrylate (7.06 mole%) ( -) and Ni acrylate (6.18 mole%) ( . . . . .  ) 

playing the role of oxygen-transfer agents may decrease the thermostability of the 
compounds. It was found [10] that, due to its abil i ty to exist in variable valence states, 
the cobalt ion promotes electron transfer in the propagation step of polystyrene 
degradation, increasing the rate of propagation and consequently the overall rate. 
It is also known [11] that the reductions of cobalt and nickel oxides are autocatalytic 
in character, while no catalytic action of the reduced metal was observed in the case 
of zinc oxide. The poor thermal stability of copper-containing compounds has often 
been reported [3, 12-15]. 

It has been established that PS decomposes mainly by depropagation, and the 
controlling factor in the mechanism of the degradation is the nature of the side-group 
attached to the carbon atom at which chain scission occurs [16]. Introduction of the 
electron-withdrawing side-substituent may be responsible for the lower initial decom- 
position temperature. Investigation of the metal acrylates has shown [4, 17] the de- 
pendence of their reactivities in polymerization and copolymerization on the nature 
of the metal. The different reactivities of these monomers were correlated [4] to the 
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Table 1 Thermal characteristics of styrene copolymers containing zinc acrylate (nos 2-8) ,  cobalt 
acrylate (nos 9--15), nickel acrylate (nos 16-22) and copper acrylate (nos 23--29). For 
comparison, corresponding data for polystyrene, obtained under the same conditions, are 
also given (no. 1) 

Metal acrylate 
Metal content 

content in IDT*,  D T * *  at different weight losses T s, 
No. in copolymer 

in wt% copolymer in ~ 10% 20% 40% 60% 80% ~ 
mole% 

1 -- -- 285 344 356 367 375 383 375 

2 2.16 3.56 270 350 370 386 395 406 395 
3 3.35 5.63 275 355 372 386 397 408 396 
4 4.10 6.98 287 355 370 386 398 409 397 
5 5.25 9.11 285 347 364 380 390 405 397 
6 8.30 14.69 315 375 387 404 415 433 413 
7 10.30 19,58 325 383 398 412 421 445 418 
8 11.60 22.60 332 385 400 414 423 460 420 

9 0.515 0.92 312 360 374 387 399 408 400 
10 1.23 2.22 304 352 369 384 396 405 398 
11 1.74 3.16 300 342 364 380 390 402 396 
12 2.50 4.60 293 340 362 377 388 399 388 
13 2.97 5.51 288 335 360 377 387 399 389 
14 3.75 7.06 284 338 364 379 388 400 384 
15 4.20 7.97 280 327 353 375 386 398 381 

16 0.60 1.07 305 360 374 387 396 407 395 
17 1.76 3.21 280 332 347 364 377 390 377 
18 2.49 4.60 265 313 335 354 368 384 365 
19 3.30 6.18 260 307 327 344 358 376 355 
20 4.02 7.63 267 315 335 352 368 388 360 
21 4.99 9.63 265 313 333 349 364 385 350 
22 5.50 10.72 263 308 329 349 364 384 350 

23 0.078 O.128 278 348 362 378 389 402 390 
24 0,105 0.172 277 347 360 375 387 399 385 
25 0,23 0.38 278 347 361 378 390 404 390 
26 0,33 0.54 275 335 353 370 385 400 385 
27 0.53 0.88 270 330 347 365 379 395 380 
28 0.81 1.34 267 329 347 365 380 396 380 
29 1.18 1.97 260 320 338 360 373 390 375 

* I DT = initial decomposition temperature, ** DT ---- decomposition temperature read off the 
TG curve at a given weight loss. 

metal  e lect ronegat iv i t ies changing the charge d i s t r i bu t i on  on the v iny l  groups. 

S imi la r ly ,  side metal  acry late groups bonded to the carbon atom of  the p o l y m e r  chain 

may  inf luence the ease o f  its thermal  sciccion. For  the  efect ronegat iv i ty  [18 ]  E o f  the 

metals, tha t  governs the e lec t ron-w i thdrawing  power ,  Ecu  = 1.9 > EN i = ECo = 1.8 > 
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Table2 Kinetic parameters of decomposition of styrene copolymers containing zinc acrylate 
(nos 2 -8 ) ,  cobalt acrylate (nos 9 -15 ) ,  nickel acrylate (nos 16--22) and copper acrylate 
(nos 23--29). For comparison, corresponding data for polystyrene, obtained under the 

same conditions, are also given (no. 1 ) 

Metal content in Metal acrylate Ea, Z, AS, 
No. copolymer in content in n k J/mole s - !  J/mole ~ 

wt% mole% 

1 - - 1 263 5.0 x 10 [3 106.7 

2 2.16 3.56 1 208 4,3 x 1013 9.5 
3 3.35 5.63 I 209 4.9 x 10 13 10.5 
4 4.10 6.98 1 206 2.7 x 10 ]3 5.4 
5 5.25 9.11 1 212 8,1 • 10 t3 14.6 
6 8.30 14.69 1 259 1.5 x 1017 76.8 
7 10.30 19.58 1 287 1.5 • 10 ]9 115.3 
8 11.60 22.60 1 290 2.2 x 10 i9 118.4 

9 0.515 0,92 1 217 1.7 x 10 14 20.7 
10 1.23 2.22 1 2 t2  7.6 x t0  ]3 14.1 
11 1.74 3.16 1 201 1.1 x 10 13 - 1.7 
12 2.50 4.80 1 199 1,2 x 10 ]3 - 0 . 9  
13 2.97 5.51 1 197 8,0 x 10 ]2 - 4 . 5  
14 3.75 7.06 2 306 7.7 x 1021 167.5 
15 4.20 7.97 2 301 3.9 x 1021 t61.9 

16 0,60 1.07 1 222 5.8 • 1014 31,0 
17 1.76 3.21 1 178 4.3 x 10 11 - 2 8 . 6  
18 2.49 4.60 3/2 171 2.1 x 10 ]1 - 3 4 . 3  
19 3.30 6.18 3/2 165 1.1 • 10 11 - 3 9 . 5  
20 4.02 7.63 2 192 1.7 • 10 J3 2.1 
21 4.99 9.63 3 275 4.1 x 102o 143.6 
22 5.50 10.72 3 253 5,4 • 10 18 107.6 

23 0.078 0.128 1 183 5.5 • 10 ]1 - 26.7 
24 0.105 0.172 1 182 5,9 • 10 1] - 26.0 
25 0.23 0,38 1 189 1,7 x 10 12 - 17.4 
26 0.33 0.54 1 t66 2.9 x 10 10 - 51,1 
27 0,53 0.88 I 155 4.6 • 109 - 66.4 
28 0.81 1.34 1 154 3.8 x 10 9 - 68.0 
29 1.18 1.97 1 149 1.8 x 109 - 73.9 

> EZn = 1.6. Thus,  one again ob ta ins  agreement  w i th  the e x p e r i m e n t a l l y  f o u n d  

the rma l  s tab i l i t y  sequence f o r  the copo lymers .  

Kinetic parameters of  copo/ymer decomposition 

The  ca lcu la ted k ine t i c  parameters :  reac t ion  o rde r  (n), the  ac t i va t ion  energy o f  the 

main  stage o f  d e c o m p o s i t i o n  (Ea),  the p r e e x p o n e n t i a l  f ac to r  (Z) and the e n t r o p y  o f  

ac t i va t i on  (AS) are given in Tab le  2. 

J. Thermal Anal 30, 1985 



350 GRONOWSKI, WOJTCZAK: STUDY OF METAL ACRYLATE--STYRENE COPOLYMERS 

The most frequently found order of reaction for the main decomposition step of 
the investigated copolymers was equal to one, according with the common observation 
that the degradation of vinyl polymers usually follows first-order kinetics [10]. In the 
case of cobalt(ll) and nickel(ll)-containing copolymers, the increase of n with in- 
creasing metal content suggests a change in the mechanism of degradation. It is known 
[19] that similar reaction orders indicate the breaking of chemical bonds of the same 
energy, and in fact the same type of reaction. 

The E a value determined for PS in the present case is identical (within limits of 
error) with that obtained for PS by Anderson and Freeman [20]. In both cases the 
same sample weight of 100 mg was used. Other literature values of E a for polystyrene 
[21] range from 163 to 306 k J/mole. 

The E a values compared at a given reaction order reveal the same pattern of rela- 
tionship to the composition of the copolymers under study as was observed for their 
thermal stabilities. 

The positive and increasing AS values for A2Zn-S t  copolymers indicate [6] that 
the activated complexes have less ordered structures than those of the reactants, at 
increasing metal contents in the copolymers. This increase in /kS, though favourable 
for an enhanced rate of decomposition, is probably more than compensated for by 
the increase in the E a values. Similar results were obtained [22] for the thermal decom- 
position of KBrO3 catalysed by AI20 3. For A2Cu-St  copolymers, only negative /kS 
values are obtained; these become more negative with increasing copper content. 

The values of the preexponential factor Z are found to be in the range 1.8 X 10 9 -  
7.7 X 10 21 and are comparable with those observed for the thermal decomposition 
of other compounds [6, 22, 23]. 

Conclusions 

The temperature characteristics of the thermal degradation of some transition metal 
acrylate-styrene copolymers have been determined. 

The observed thermal stability sequence for the copolymers, A 2 Z n - S t >  
> A 2 C o - S t > A 2 N i - S t > A 2 C u - , - - S t ,  correlates with those for the corresponding 
metal acrylates and polyacrylates. It also conforms with the electron-withdrawing 
power of the side-group attached to the carbon atom at which chain scission occurs. 

The reaction orders are equal to one for all A2Zn-S t  and A2Cu-St  copolymers 
studied, but for some A2Co-St  and A2Ni -S t  samples higher reaction orders are 
also observed. 

The sequence of activation energies of decomposition for the investigated co- 
polymers is in agreement with their thermal stability sequence. 

The changes in AS reveal that the entropy factor acts on the thermal degradation 
of the copolymers in the opposite direction to the E a of that process. 
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Zusammenfassung -- Die Prozesse der thermischen 7ersetzung yon Kopolymeren von Styrol mit 
Zink-, Kobalt-, Nickel- und Kupferacrylat wurden thermogravimetrisch untersucht. W~hrend die 
thermische Stabilit~t der Zink enthaltenden Kopolymere bei hSheren Metallgehalten ansteigt, 
nimmt die der die anderen Metalle enthaltenden Kopolymeren ab, und zwar, abh~ngig vom Metall, 
in der Reihenfolge Co > Ni > Cu. Die kinetischen Parameter n, E a, Z und AS wurden nach der 
Horowitz--Metzger-Methode bestimmt und einer n~heren Betrachtung unterzogen. Hinsichtlich 
des Wertes von E a ergibt sich die gleiche Reihenfolge der Kopolymeren wie f/at die thermische 
Stabilit&t. Der Entropiefaktor I~il~t eine thermodynamische Hemmung der Zersetzung von Ko- 
polymeren geringer thermischer Stabilit~t und eine preferentielle Zersetzung der Kopolymeren 
hoher thermischer Stabilit~t vermuten. 

Pe3K)Me -- MeTO~OM TI- H3yHeHb] npo~eccbl TepMHHeCKO~ /~ecTpyKLLHH H onpe/],eJleHb~ TeMnepa- 
TypHble xapaKTepHCTHKH cononHMepoB CTHpona C aKpHJ]aTaMH L~HHKa, Ko6anbTa, HHKenR H 
MeAH. TepMHHeCKaR yCTOH~IHBOCTb L~HHKCO~ep~KaLLtHX cononHMepoB yeenHHHsaeTcR C yBenH- 
4eHHeM CO/],epY~aHHR MeTaJ]na, a TepMoyCTO~HSOCTb /~pyrHx MeTaJ]n-CO~.ep)Kau4Hx cOnO~HMepoB 
yMeHbl.UaeTcR Vl Vl3MeHReTCR B pff/~y Co > Ni > Cu. KHHeTH~ecKHe napaMeTpbl n, E a H AS onpe- 
/].eTIRnHCb no MeTOp, y XopOBHLLa--MeTu.epa. Bbl~HcJ]eHHble 3Ha~eHHR E a KoppeJ]Hpy~oTCR C Ha6,q~o- 
AaeMo~ TepMoycTo~IqPIBOCTI~IO cononHMepoB. ~)HTpOnH~HbI~ r yKa3b=aaeT Ha TepMo- 
~,HHaMHqecKy~ noMexy B pa3floTKeHHH cononHMepOB C HI43KOI4 TepMOyCTO~I~HBOCTb~O H npe~no~- 
TVlTe.qbHOCTblO pa3TIO;~KeHt4R conoJ]HMepOB C Bb~COKO~ TepMOyCTOklHHBOCTb~. 
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