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The thermal behaviours of zinc, cobalt, nickel and copper acrylates and their polymers 
were investigated. It was found that the decompositions of these compounds are complex 
processes. The main decomposition of the monomer was preceded by thermal polymeriza- 
tion. The thermal effect of this reaction was greater for zinc acrylate than for the other 
salts. The reaction orders and activation energies of decomposition of the monomers and the 
polymers were calculated and the differences discussed. 

In recent years metal-containing monomers and polymers have been subject to 
increasing interest. This is due to a number of  valuable properties shown by coordina- 
t ion polymers and ionomers. The area of  applications of  such polymers is very broad 

and among their characteristic features are chemical resistence and thermal stabil i ty. 
Metal derivatives of  polymers containing COOH groups are among the best known. 

The thermal behaviours of  some monovalent and divalent metal acrylates have 
been reported [1 ]. Monomers containing divalent transit ion metals may be especially 
interesting for the preparation of  coordinat ion polymers and ionomers. In the present 
paper, therefore the thermal decomposit ions of zinc(ll), cobalt( l l} ,  nickel{ l l )  and 
copper(l l} acrylates and of their polymers were investigated and the results compared. 

Experimental 

Preparat ion o f  meta l  acrylates 

Metal acrylates were prepared by the reaction of  acrylic acid ( 5 - 1 0  wt.% stoichio- 

metric excess) wi th  zinc oxide, basic cobalt carbonate, basic nickel carbonate and 
cupric hydroxide, respectively, in toluene suspensions at 4 0 - 5 0  ~ . The reactions were 
carried out  for 5 h, w i th  gradual addi t ion o f  the reactants and wi th constant stirring. 
The evaporated toluene lost f rom the reaction vessel was constantly replaced. Water 

formed in the reactions was removed as an azeotropic mixture wi th  toluene. 

7inc, copper and cobalt acrylates were washed wi th toluene and then dried in a 
vacuum drier at 4 0 - 5 0  ~ 

Nickel acrylate, after a prel iminary drying, was ground, washed wi th acetone and 
f inal ly vacuum-dried l ike the other monomers. 
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The purities of Zn acrylate and Cu acrylate, determined by the contents of metal 
and of double bonds, were 99-100%, and those of Co acrylate and Ni acrylate were 
94-95%. 

Preparation o f  metal polyacrylates 

Metal acrylates were polymerized in methanol solution at 60 ~ under nitrogen with 
e,(~'-azoisobutyronitrile (AIBN) as initiator. The reactions were performed in a four- 
neck flask, equipped with a stirrer, a thermometer, a reflux condenser and a nitrogen 
inlet. The processes were stopped by pouring the contents of the reaction flask into a 
lO-fold excess of cold methanol. The reaction products were washed several times 
with fresh portions of methanol and then dried in vacuum drier at 40 -50  ~ 

The physico-chemical properties, other than thermal ones, of the prepared metal 
acrylates and polyacrylates are the subject of a separate publication [2]. 

Thermal analysis 

TG, DTG and DTA curves were recorded simultaneously using a Paulik-Paulik- 
Erdey derivatograph (Type OD-102,  MOM, Budapest). 100 mg of powdered sample 
was heated in a Pt crucible (diameter = 9 mm) over the temperature range 25 to 500 ~ 
at a constant heating rate of 3 deg/min. Controlled dynamic atmospheres of nitrogen 
or air (20 I/hr) were used in the furnace. Cu acrylate and poly(Cu acrylate) investigated 
in air atmosphere were diluted wi th AI203 (1:2). 

Determination of reaction orders and activation energies of decomposition 

The order of reaction, n was evaluated according to the Horowitz-Metzger method 
[3]. Then, the activation energy of decomposition for a given compound was 
determined by applying the appropriate H - M  equation. For n = 1 a plot of Ioglog 

Wo-W f 
( W _ ~ )  against ~ resulted in a straight line. The activation energy E was calculated 

from its slope, which was equal to E/2.303 RT~ . For n =/= 1 a plot of 

_ [ W - W f  

W~ I vs. 0 was drawn and a straight line of the same slope as in the log 1 - n  _j 

previous case was obtained. 
The reaction order determined by the H - M  method was also used in the treatment 

of the same data by the Coats-Redfern method [4]. In all cases straight lines were 
obtained, thus confirming the correctness of n. For n = 1 a straight line with slope 
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E/2.303 R was obtained f rom a p lot  o f  - l o g  

plot o f - ,og  - t w - - - - ~ J  _ 
(T--n) T 2 

w - w ,  
-tn ~ _ _ ~  

o f 

T 2 
vs. 1/T. For n =~ = 1 a 

vs. 1/T resulted in a straight line of the same slope, 

f rom which the act ivat ion energy E was calculated. 

Results and discussion 

Thermal beha viour o f  metal acrylates 

Figure 1 shows the thermal curves of  zinc acrylate and copper acrylate as examples 

of the four  investigated metal acrylates. Characteristic features of  the thermal  be- 

haviour o f  the monomers are given in Table 1. 
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Fig. 1 TG, DTG and DTA curves of Zn acrylate ( . . . .  ) and Cu acrylate ( - - - - - )  in nitrogen 
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Table 1 Thermal behaviour data for Zn, Co, Ni and Cu acrylates in nitrogen 

DTG TG DTA 

Wt.% Total 
Compound Peak Temp. loss wt.% Peak Temp. 

temp., range, for a l oss  temp., range, Process 
o C o C given in the o C ~ 

stage* range 
25-500 

o C 

<180 0.5 
Zn acrylate 218 185-250 2.5 42 220 180-265 polymn. 

436 310-500 38 433 380-490 decomp. 

Co acrylate 

Ni acrylate 

<130 1.0 
163 130--180 6.0 55.5 165 135--175 dehydr. 
42 270 230-320 polymn. 

425 "340-500 43.5 427 410-480 decomp. 

70 <110 3.0 60 <~100 dehydr. 
155 100-190 3.5 57.5 140 100-180 dehydr, 

290 250--320 polymn. 
327 260-400 48.5 330 250--400 decomp. 

<180 0.5 
Cu acrylate 235 180-243 28.5 61.5 237 205-242 dec. § polymn. 

263 243-275 25.5 265 242-275 decomp. 

*The wt.% loss for a given stage of decomposition corresponds to range of temperatures read off 
the DTG curve. 

The TG, DTG and DTA curves show the occurrence of three processes: dehydrat ion, 
thermal polymerizat ion and decomposit ion. 

Zn acrylate and Cu acrylate lose 0.5% of their weight in the range 2 5 - 1 8 0  ~ which 
~ndicates the presence of  on ly  trace amounts of water. In the same temperature range 
Co and Ni acrylates lose ca. 6 -7% of  their weight. This is equivalent to 2/3 mole of  
water per mole of salt. These results agree very well wi th  the puri ty determinations as 
well as wi th  the I R spectra [2] of the compounds. Co acrylate loses water in essentially 
one step, wheras Ni acrylate does so in a two-stage process. 

Exothermic peaks in the DTA curves show that the thermal polymerizat ion of 7n, 
Co, Ni and Cu acrylates takes place at ca. 220, 270, 290 and 235 ~ respectively. The 
heights and widths of  the peaks suggest that Co, Ni and Cu acrylates polymerize less 
easily than Zn acrylate. Both thermaland free-radical polymerizations of the monomers 
in methanol solutions in fact demonstrated the higher reactivity of the carbon-carbon 

double bonds in Zn acrylate than in Co and Ni acrylates, and a very poor reactivity of 
Cu acrylate [2]. 
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The exothermic peak at 235 ~ assigned to the polymerization of Cu acrylate, 
coincides wi th the first step of decomposition. This exothermic effect may therefore 
result from the overlapping of complex exothermic and endothermic processes. 

The second decomposition step for Cu acrylate, at 265 ~ is accompanied by an 
endothermic effect, as in the decompositions of the other three monomers. 

Decomposition residues 

The final products of decomposition were not identified, but considerable amounts 
of carbon were observed in the residues. The formation of crack-carbon often takes 
place when thermal decomposition is performed in a non-oxidizing atmosphere 
[ 5 -7 ]  and sometimes even in air [1]. 

It follows from the literature [5,8,9] that Zn acrylate in nitrogen decomposes to 
zinc oxide, and the other three acrylates to the metals. The stream of nitrogen passing 
through the furnace favours [9] the formation of only one final product, the metal or 
the metal oxide, and not their mixture. 

Table 2 gives the molar ratios of stable residues to carbon, calculated from 
experimental and theoretical weight losses for the investigated acrylates. 

Table 2 Decomposition residues calculated from experimental weight losses for assumed final stable 
products 

Compound 

Theoretical 
Experimental weight loss Molar ratio 

Assumed total on complete of stable 
final weight loss decomp, of 100 decomp, residue 

stable at 500 ~ for mg sample to carbon in 
residue 100 mg to m e t a l  decomposed 

sample, mg oxide or met- acrylates 
at, mg 

Zn acrylate ZnO 
2 

Co acrylate �9 ~ H20 Co 

2 Ni acrylate �9 ~ H20 Ni 

Cu acrylate Cu 

42.0 60.8 ZnO :3.25C 

55.5 72.3 Co :2.98C 

57.5 72.4 Ni :264C 

61.5 69.1 Cu:I.30C 

Thermal behaviour o f  metal polyacrylates 

The DTA curves of the polymers do not exhibit exothermic effects assigned to 
thermal polymerization of the respective acrylates. The TG, DTG and DTA curves (Fig. 
2) show the very similar nature of the thermal decompositions of poly(Zn acrylate), 
poly(Co acrylate) and poly(Ni acrylate). In Table 3 the changes observed in the curves 
are interpreted. 
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Fig. 2 TG, DTG and DTA curves of poly(Zn acrylate) ( . . . .  ), poly(Co acrylate) ( 
acrylate) (-.-.-.-) in. nitrogen 

) and poly(Ni 

Table  3 Thermal decomposition data on poly(Zn acryrate),poly(Co acrylate) and poly(Ni acrylate) 
in nitrogen 

Compound Process 

DTG TG DTA 

Total 
Wt.% wt.% loss 

Peak Temp. loss in the Peak Temp. 
temp., range, for a range temp., range, 

o C o C given 25--500 o C o C 
stage* oc  

poly(Zn acr.) 
loss of </-,210 14.5 51.5 90 <210 
CH3OH 84 
decomp. 418 360-460 35.0 416 397 --440 

loss of 
poly(Co acr.) CH3OH 96 <210 18.0 60.5 110 <210 

decomp. 410 370--480 39.4 413 403--450 

loss of 
poly(Ni act.) CH3OH 93 /-----210 22.0 65.5 102 ~----210 

decomp. 368 300--415 40.0 374 360-415 

*The wt.% loss for a given stage of decomposition corresponds to the range of temperatures read 
off the DTG curve. 
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Fig. 3 TG, DTG and DTA curves of poly(Cu acrylate) in nitrogen 

The first endothermi(~ peak and a weight loss up to ca. 210 ~ are attributed to the 
removal of methanol occluded in the polymers. The second endothermic peak and a 

weight loss at ca. 400 ~ are related to the essential decomposition of the polysalts, 
The molar ratios of the stable residues and carbon calculated for the three poly- 

acrylates are ZNO:2.99C, Co:3.07C and Ni:2.51C, which are very similar to those 
obtained for the monomers. 

Figure 3 reveals that poly(Cu acrylate) decomposes in a complex multi-step 

manner, differently than the other three polysalts. The decomposition extends over 
a wide temperature range, with relatively small weight losses for successive stages. 
Only in the range 130-180 ~ does a pronounced weight toss occur (14.5 wt.%). The 
total weight loss of poly(Cu acrylate) at 500 ~ (42 wt.%) is the lowest observed for the 
investigated polysalts, and contrasts with the highest weight loss for Cu acrylate 
among the monomers. 

Thermal decompositions o f  Cu acrylate and poly(Cu acrylate) in air 

In order to gain additional information concerning the thermal behaviour of the 
cupric compounds, their decomposition patterns were also studied in air. 

The TG curve {Fig. 4) shows that Cu acrylate heated in air decomposes in the range 

180-265 ~ , with a maximum at 215 ~ The weight loss in this exothermic stage 
(62 wt.%) indicates almost complete decomposition of the sample to CuO. The DTA 
and DTG curves show the complex naturre of the decomposition process. 

The exothermic decomposition of poly(Cu acrylate)takes place in two major steps 
(Fig. 4). The first is observed at 170-240 ~ with a maximum at 200 ~ and a weight loss 

of 17 wt.%, and the second at 280-355 ~ with a maximum at 310 ~ and a weight loss 
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Fig. 4 TG, DTG and DTA curves of Cu acrylate ( - - )  and poly(Cu acrylate) ( . . . .  ) in air (100 
mg sample diluted with 200 mg AI203) 

of 17 wt.%. The total weight loss in the range 2 5 - 5 0 0  ~ is 45 wt.%. In comparison 
w i th  Cu acrylate, a wider range of  decomposit ion temperature and a smaller total 
weight loss of  poly(Cu acrylate)are observed, similar ly as in a nitrogen atmosphere. 

Thermal stability sequence o f  metal acrylates and polyacrylates 

The values of the peak temperatures of the decomposit ion processes show that the 
investigated metal acrylates and polyacrylates fo l low the fo l lowing thermal stabi l i ty 
sequence: Zn > Co > Ni > Cu. This is similar to the thermal stabi l i ty sequence for the 
oxalates [10,11] and formates [11] of the same metals, but just opposite to the 
general stabi l i ty sequence for divalent metal chelates, the Irving-Will iams series [12]. 
The poor thermal stabi l i ty of some other copper compounds has also been found 
[5,11,13,14]. 
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The cations present in the salts were considered as elementary catalysts of the 
thermal decomposition processes, Their catalytic efficiencies related to the heat of 
cation formation give a sequence just the reverse of that for the thermal stabilities 
[11]. 

The thermal stability of complex compounds has been discussed in terms of the 
modification exerted by coordinate bonds on the electronic structure of the neigh- 
bouring bonds, with resulting changes in their stability [15,16]. The results of thermal 
stability studies on polyesters cross-)inked with various metal ions ]17] are in 
agreement with this conception. 

Kinetics of  decomposition 

The data in Tables 1 and 3 show that the main decomposition processes of Zn, Co 
and Ni polyacrylates begin at temperatures several tens of degrees higher, and occur 
over narrower ranges of temperatures, than those for the respective monomers. This 
may indicate that the decomposition of these polysalts is connected with an increase 
in the activation energies. 

For quantitative comparisons, the reaction orders and activation energies of 
decomposition of the compounds were calculated. Typical plots showing the applica- 
tion of the Horowitz-Metzger and Coats-Redfern equations are given in Figs 5 and 6, 
respectively. From the slopes of the straight lines the values of E were calculated and 
the results are given in Table 4. The specific character of the decomposition of poly(Cu 
acrylate) in nitrogen precluded the calculations for this compound. 

The activation energies determined by the Horowitz-Metzger method are always 
higher than those obtained by the Coats-Redfern method for the same initial data. 
However, the results agree within the limits of error. 

It is seen from Table 4 that the activation energy of the main decomposition is in 
almost all cases higher for the polymer than for the monomer acrylates, while the 
reaction order does not change. The observed differences are especially distinct for the 
zinc and cobalt compounds. It would seem that the loss of ca. 15-20 wt.% caused by 
the evaporation of methanol, anticipating the degradation of the polymers, cannot in 
itself explain such an appreciable and systematic increase in the E values of the 
polymers in comparison with those of the corresponding monomers. 

It was found that the samples ot poly(Zn acrylate), poly(Co acrylate) and poly(Ni 
acrylate) contained 9%, 15% and 27% of unreacted double bonds, respectively. This 
means that during the polymerization reactions of these divinyl monomers, in almost 
all cases both their double bonds reacted, leading to the formation of cross-linked, 
three-dimensional products. This is supported by the insolubility of the obtained 
polyacrylates in water and methanol, which are solvents for the monomers. Besides 
these cross-links, an additional cross-linking effect may result from ionic interactions 
between metal cations and carboxylate anions of different polymeric chains. The 
cross-linking densities of these three polysalts should change in the order: poly(Zn 
acrylate) > poly(Co acrylate) > poly(Ni acrylate), the reverse of their content of 
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Fig. 5 Horowitz-Metzger plot for poly(Ni acrylate) 
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Fig. 6 Coats-Redfern plot for poly(Ni acrylate) 

unreacted double bonds. The very low polymerizability of Cu acrylate and the lack of 
a marked loss of occluded methanol from the sample of poly(Cu acrylate} may suggest 
the lowest cross-linking density in that polysalt. Thus, the increase of E in these 
polymers correlates with the cross-linking density of the samples. A high cross-linking 
density can hinder the diffusion of the gaseous decomposition products out of the 
solid, which may be the rate-determining step of the reaction. This relates the 
structural features of the samples with the kinetics of decomposition. The calculated E 
values, higher than the energy of random rupture of carbon-carbon bonds (277 k J/mole) 
[ 18], confirm the influence of factors other than the strength of the bonds to be broken. 

Both the activation energy and the temperature of decomposition of poly(Cu 
acrylate) in air are lower than those for Cu acrylate. However, the sequence of 
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Table 4 Reaction orders and activation energies of thermal decomposition of the compounds in 
nitrogen 

Energy of activation, kJ/mol 
Compound Stage of Order of 

decomp, reaction Horowitz- Coats-Redfern 
Metzger method method 

Zn acrylate main 1 242 236 

Co acrylate main main 3/2 210 201 

Ni acrylate main 3/2 245 242 

Cu acrylate 1 113 212 209 
2 1/2 289 284 

Cu acrylate* main 3 397 391 

poly(Zn act.) main 1 390 377 

poly(Co act.) main 312 356 345 

poly(Ni acr.) main 3/2 287 280 

poly(Cu acr.) * 1 3/2 141 137 
2 3 287 284 

*in air 

increasing E values for all the investigated compounds does not correlate wi th  their 
thermal stabi l i ty sequence. The temperature sequence of  increasing thermal stabil i ty 

may not coincide wi th the sequence of increasing activation energy values, since it can 
also depend on the value of the activation entropy [19]. The lack of such a correlation 
has been observed in the dehydrat ion reactions o f  EDTA chelates of  a number of 
metal ions [19], and also in the dehydrat ion and decomposit ion reactions of  mixtures 

of zinc and copper oxblates [20]. 

Conclusions 

The TG, DTG and DTA curves of Zn acrylate and Cu acrylate show the occurrence 

of thermal polymerizat ion and decomposit ion reactions, whi le those of Co acrylate 

and Ni acrylate addi t ional ly  reveal dehydrat ion processes. 
The exothermic effect of  thermal polymerizat ion [or Zn acrylate is the most 

distinct. 
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The p o l y m e r i z a t i o n  o f  Cu ac ry la te  co inc ides w i t h  the  f i rs t  step o f  d e c o m p o s i t i o n .  

The ac t i va t i on  energies o f  d e c o m p o s i t i o n  fo r  the  po l ymers  con ta in ing  Zn ,  Co and 

Ni  are h igher  t han  those fo r  t he  respect ive monomers .  For  the  cup r i c  c o m p o u n d s  i t  is 

the o t h e r  w a y  round .  

The E values o f  t he  po lysa l t s  cor re la te  w i t h  the  p robab le  cross- l ink ing densi t ies o f  

the samples. 
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Z u s a m m e n f a s s u n g -  Das thermische Verhalten der Acrylate yon Zink, Kobalt, Nickel und 
Kupfer und das der entsprechenden Polymere wurde untersucht. Es wurde festgestellt, dass die 
Zersetzung dieser Verbindungen komplexe Prozesse sind.Der Zersetzung der Monomeren ging eine 
thermische Polymerisation voraus. Der thermische Effekt dieser Reaktion war im Falle des Zink- 
acrylats grbsser als bei den anderen Salzen. Die Reaktionsordnungen und Aktivierungsenergien der 
Zersetzung der Monomeren und Polymeren wurden berechnet und die Unterschiede diskutiert. 

PeamMe -- HccneAoBaHO TepMHqecKoe noBeAeHHe aKpHnaTOB U, HHKa, KO6anbTa, HHKenR H MP-~H, 
a TaK~Ke HX nonHMepOB. YCTaHOBneHo, qTO pa3no>KeHHe 3THX coe~HHeHHH npe~cTasnBeT co6o~ 
CnO)KHblH npo~ecc. Pa3no>KeHHK) MOHOMepOB npeAuJeCTByeT TepMHqeCKaR nonHMepH3au, HR. 
TepMHqeCKH~ 3d~cI)eKT 3TOH ped~)KU, HH ~nR eKpHRaTa U, HHKe 6bin 6OnbUJe, HeM /3,nR ~,pVFHX conel4. 
6birth BblqHCneHbl nOpR~,OK peaKu, H~l H 3HepFHH aKTHBalJ, HH peaKU, HH pa3noH(eHHR MOHOMepOB H 
nonHMepOB H o~cyH~J~eHbl HX pa3/1HqHn. 
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