
Synthesis, Characterization and Thermal
Stability Study of Polyelectrolytes

(Some Transition Metal Salts)

Zinc acrylate has been synthesized by reaction of zinc oxide and 3N aqueous solu-
tion of freshly distilled acrylic acid. Cobalt (II) acrylate was prepared by the reaction
of sodium acrylate with cobalt (II) acetate in methanol medium. Both monomer salts

have been polymerized in methanol solution using α,αí-azodiisobutyronitrile (AIBN) as
initiator at 60oC. Thermal behaviour of these materials has been studied under pro-
grammed heating at 10oC per min under dynamic nitrogen atmosphere by using differen-
tial thermal analysis (DTA) and thermogravimetry (TG) and in vacuo using thermal
volatilization analysis (TVA). The degradation products including the gaseous, volatile liq-
uid and cold ring fraction (CRF) from TVA degradation were investigated by IR spec-
troscopy, mass spectrometry, and GC-MS techniques, the volatile product fraction having
first been separated by subambient TVA. Quantitative measurements of the main prod-
uct fractions have also been made. The decompositions of these materials show some
similarities to the behaviour of the alkaline earth metal salts of respective acid, but there
are also important differences. Carbon dioxide is the most important volatile product and,
in addition, there are various other carbonyl containing products. More carbon dioxide,
resulting from side group scission, is evolved from cobalt (II) polyacrylate than from zinc
polyacrylate due to lower thermal stability of it.
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The very rapid and steady progress in
the field of applications of synthetic
metal salts of polyacids, termed poly-
electrolytes, has naturally stimulated
further interest in the problems of
synthesis and in the thermal stability
of this type of polymer[1,2]. Different

metal salts of  poly(acrylic acid) and
poly(methacrylic acid) have widely
been used as coagulants, dispersions,
superabsorbents and using specially
in preparation and thermal stability of
high-temperature superconductor
ceramic films and fibres [3-7]. 
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In the degradation of metal salt polymers, the
nature of the metal ion has a major influence on the pat-
tern of degradation[8]. The modifications induced by
the presence of transition metal ions in the thermal
behaviour of polymer salts which is clearly indicated in
this work, have been confirmed by Gabriela et al.[9],
revealed that the catalytic effect of cobalt ions on ther-
mal behaviour of polymers affect the whole thermal
degradation and reduce the initial thermal stability.
Gronowski et al.[10] studied the thermal stability,
kinetics and activation energy of the main decomposi-
tion of Zn, Ni, Co, and Cu polyacrylates. They indicat-
ed that the thermal degradation of these salts is nearly
the same. Thermal behaviour of some transition metal
salts of poly(acrylic acid), namely Fe (III), Cr (III), Ni
(II), Co (II), and Mn (II) was studied by Skupinska and
his coworkers [8], who reported that the divalent metal
cations are more stable than trivalent ones.

In this work, the six-membered glutaric anhydride
type ring result from intramolecular reaction of adja-
cent carboxylate group in the decomposition of these
polymer salts followed by decarboxylation leading to
different products is also similar to the degradation
mechanisms and products which have recently been
studied [11,12]. 

In the present work, the thermal behaviour of zinc
and cobalt (II) polyacrylates have been investigated
using DTA, TG, and TVA[13] techniques. In order to
investigate the possibility of the formation of monomer
and other minor products, a detailed analysis for the
less volatile liquid fraction has been carried out using
the GC-MS technique.

It is found that the thermal degradation of these metal
salt polymers proceeds via side chain and main chain
scissions. In the case of divalent metal salts, there could
be the formation of the intramolecular structure involving
pairs of carbonyl groups associated with the metal ion.

The methods of preparation and characterization of
both monomer and polymer salts were carried out as
previously described [14,15,16].

EXPERIMENTAL

Materials  

Acrylic acid (Hopkin & Williams) was distilled and

used freshly. AIBN was recrystallized from methanol
and used as initiator. Zinc oxide and cobalt acetate were
used as reactants with acrylic acid. Methanol (AR
grade) was dried and purified[17] and used as a solvent.
Acetone (AR grade) and toluene (AR grade) were used
as precipitants.

Preparation of Monomer
Zinc Acrylate
The zinc salt of acrylic acid was made by gradual addi-
tion of zinc oxide (Hopkin & Williams) to a 3N aque-
ous solution of freshly distilled acrylic acid while the
solution was kept in an ice bath (5oC) with vigorous
stirring. The resulting solution was filtered to remove
the unreacted zinc oxide and then freeze drying method
was used for further purification by removal of the sol-
vent with methanol. Finally, the salt was dried under
vacuum.

Cobalt(II) Acrylate
Cobalt (II) acrylate was synthesized by dissolution of
the appropriate amount of the sodium acrylate[14] and
cobalt (II) acetate (AR grade) in methanol and the solu-
tion was stirred for 24 h and precipitated out by ace-
tone-toluene mixture ( 70%, 30%  V/V ). Further purifi-
cation of monomer salt was carried out by dissolution
in the minimum amount of methanol and reprecipitat-
ing in acetone-toluene medium and dried under vacu-
um for 48 h.

Characterization of Monomers
Characterization of the monomer salts was carried out
by microanalysis method using a Carla-Erba CHN Ele-
mental analyzer and estimation of metal contents by
volumetry method (EDTA titrimetry). 

Preparation of Polymers
Zinc Polyacrylate
Polymerization of zinc acrylate monomer was carried
out in methanol solution in a sealed dilatometer under
vacuum at 60oC using 0.05 % w/vol of AIBN as initia-
tor. Polymerization was allowed to continue for 3 h and
the precipitated polymer was filtered, washed with dry
methanol and dried under vacuum at 70oC for 24 h.

Cobalt(II) Polyacrylate
Cobalt (II) acrylate monomer was polymerized in a



three-necked round bottomed flask which was
equipped by a stirrer, condenser and a nitrogen inlet. 

Prior to polymerization process, the mixture of
methanol (solvent) and monomer salt in the flask was
stirred under nitrogen flow for half an hour to remove
the dissolved oxygen.

The resulting solution was maintained in a ther-
mostated bath at 60oC, the initiator (0.15% w/vol) was
added after 10 min of the temperature equilibration and
then polymerization process was carried out for within
4 h. The resulting polymer was separated by filteration
and washed with dry methanol, dried at 60oC for 48 h
in vacuum oven.

Thermogravimetry (TG)
TG and DTG curves were obtained by using a Du Pont
model 990 thermoanalyzer with model 951 thermobal-
ance. Samples of 3 mg were degraded from room tem-
perature up to 500oC in dynamic nitrogen (60 mL/min)
at 10oC/min.

Differential Thermal Analysis (DTA)
DTA curves were also recorded on the Du Pont thermo-
analyser, using 10 mg samples in dynamic nitrogen (80
mL/min) under the same programmed heating condi-
tions as for TG.

Thermal Volatilization Analysis (TVA)
The polymers were examined as 70 mg powder sam-
ples under continuous evacuation in a TVA apparatus of
the type described by McNeill [13]. Using this system,
the degradation products were separated into non-con-
densable gases, condensable gas and liquid fraction,
cold ring fraction of products volatile at degradation
temperature but not at room temperature, and involatile
residue. The condensable fraction was further separat-
ed by subambient TVA (SATVA)[18] before identifica-
tion of the substances present.

Gas Chromatography (GC)
A Perkin-Elmer F33 instrument with FID detector and
6 ft column (6 ft x 0.25 in outside diameter coiled
glass) of 15% FFAP on GCQ 80-100 mesh was used.

GC-Mass Spectrometry (GC-MS)
A Perkin-Elmer Sigma 3 chromatograph interfaced to a
Kratos MS 30 mass spectrometer with a DS 90 data

handling system was used. The column was a 15 m
capillary column with DB-5 (5% phenyl methyl sili-
cone). Other instrumental conditions were as follows:
injector temperature, 250oC; voltage, 70 eV; initial col-
umn temperature, 50oC for 5 min then programmed at
3oC/min to 170oC.

RESULTS AND DISCUSSION

Differential Thermal Analysis
The thermal behaviour of the two polymers investigat-
ed by DTA in the range 25-485oC under nitrogen
atmosphere, showed no indication of the exothermic
effect due to thermal polymerization. The DTA curves
which are reproduced in Figures 1 and 2 show the
endothermic effect at temperature between 425-485oC
corresponding to the main step of decomposition. In
this range of temperature, two successive stages of
degradation of the polymers are observed in such a way
that metal carbonate is formed which in turn decom-
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Figure 1. DTA Curve (dynamic nitrogen, heating rate 10oC/min)
for zinc polyacrylate sample.

Figure 2. DTA Curve (dynamic nitrogen, heating rate 10oC/min)
for cobalt polyacrylate sample.



poses to metal oxide.

Thermogravimetry 
The TG and DTG curves for the polymers are shown in
Figures 3 and 4. The curves show an initial weight loss

to 450oC, amounting to about 16 and 58.5 % weight
losses for zinc polyacrylate and cobalt (II) polyacylate,
respectively. The main decomposition temperature
(Tmax) occurs at about 470oC for zinc polyacrylate and
430oC for cobalt(II) polyacylate and total weight loss-
es at about 500oC, amounting to 45 and 64% of their
weights, respectively. In this discussion, the polymers
will be abbreviated as ZnPA and CoPA. The DTA, TG
and DTG data for the polymers are listed in Table 1.

Thermal Volatilization Analysis
The TVA curves for the polymers are reproduced in
Figures 5 and 6. The TVA traces of ZnPA show a single
broad peak due to the main decomposition, between
430 and 500�C, having Tmax at about 480oC. It is clear
that volatile products, including a fraction which is
non-condensable at -196oC (liquid nitrogen), begin to
be evolved from the polymer at around 430oC.

The TVA curve for CoPA shows a shoulder below
400oC which are smaller in size than that due to the
main decomposition process between 400-450oC.

The shoulder prior to the main peak of decomposi-
tion of polymer is consistent with the formation of
respective metal carbonate as solid residue and its
decomposition to metal oxide. It is clear from the TVA
traces for the CoPA that significant amounts of volatile
materials including a fraction non-condensable at
-196oC begin to be evolved at temperatures above
350oC and that the maximum rate (Tmax) of volatiliza-
tion occurs at about 430oC. 

In all cases, the separation of TVA traces at the
main decomposition reaction is indicative of the pres-
ence of a range of materials with widely differing
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Figure 3. DTG and TG curves (dynamic nitrogen, heating
rate 10oC/min) for zinc polyacrylate sample.

Figure 4. DTG and TG curves (dynamic nitrogen, heating
rate 10oC/min) for cobalt (II) polyacrylate sample.

Table 1. DTG, TG and DTA data for zinc and cobalt(II) polyacrylate samples.

(a) shoulder; (b) (endothermic) due to the main decomposition.

Polymer

DTG TG DTA

Peak Temp.

(°C)

Temp. range

(°C)

Wt. loss (%)

for stage

Total wt. loss

(%) up to 500

°C

Peak Temp.

(°C)

Temp. range

(°C) 
Thermal effect

ZnPA

CoPA

_____

455

75

_____

425

50-425

425-500

50-150

150-375

375-450

7.0

20.5

9.0

13.0

29.5

27.5

58.5

455a

465

440a

425-460

465-475

425-450

endob

endob

endob



volatilities.
The TVA data for both polymer salts are summa-

rized in Table 2. Quantitative measurements of the
main product fractions and carbon dioxide were carried
out using the same experimental procedures[15,17].

The high yield of carbon dioxide from degradation

of zinc and cobalt polyacrylate samples is due to the
instability of the corresponding metal carbonate at
about 500oC under vacuum.

Subambient TVA
The condensable volatile product fraction from each
polymer sample was separated by subambient TVA.
The corresponding SATVA curves are illustrated in
Figures 7 and 8. Separated SATVA fractions were
examined as discussed below. 

Product Analysis 
The products of degradation of the polymer salts to
500oC under normal TVA conditions were investigated
by the techniques already described[13, 18]. The result-
ing products were examined as four main fractions,
consisting of the involatile residue, the cold ring frac-
tion, the condensable volatile fraction and the non-con-
densable gases.

Involatile Residue 
Each degradation left a black involatile residue, which
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Figure 6. TVA Curve (vacuum, heating rate 10oC/min) for
cobalt polyacrylate sample.

Table 2. TVA Data for degradation of zinc and cobalt(II) polyacrylate samples.

Polymer
Tonset

(°C)

Tmax

(°C)

Percentage wt of

residue, ~ 500°C

Wt % of

CRF, ~ 500 (°C)

Wt % of total volatile products, 500°C

(incl. CO2)
Wt % of CO2

ZnPA

CoPA

340

260

480

170

380

415

53

55

12.5

~ 1

34.5

44.0

21.0

24.3

Figure 7. SATVA Curve for warm up from -196oC to 0oC of
the condensable volatile products fraction  from degradation
to 500°C under TVA condition of zinc polyacrylate sample.

Figure 5. TVA Curve (vacuum, heating rate 10oC/min) for
zinc polyacrylate sample.



was found by IR spectroscopy to consist mainly of
metal oxide. 

Cold Ring Fraction
The cold ring fraction (CRF) materials from the degra-
dation of zinc salt polymer were light blue solids,
amounting to about 12% of the original sample weight.
The mass spectrometric analysis was consistent with
the presence of zinc metal and various short chain frag-
ments, containing carbonyl and carboxylic groups and
including small amounts of the monomer and dimer
salts. The presence of zinc metal in CRF fraction seems
to be due to reaction between zinc oxide and carbon in
the involatile residue at high temperature. 

The CRF materials from cobalt polyacylate sample
were yellow solid, the yields of CRF products are very
low, of the order of 1% of the sample weight or less.
The mass spectrum was similar to CRF products of
ZnPA but no metal, monomer salt or other oligomers
were found. This may be a result of stronger ionic
forces reducing the mobility required in the chain for
intramolecular transfer.

The identified CRF products from ZnPA are listed
in Table 3.

Non-condensable Volatile Gaseous Products
IR spectroscopic analysis of the volatile materials non-
condensable at -196oC  established the presence of car-
bon monoxide  and methane. 

Condensable Volatile Gaseous Products
These materials were separated first by SATVA (first
and second peaks) and examined both by IR spec-
troscopy and by mass spectrometry. Carbon dioxide
was identified as major products.

Liquid Fraction
Less volatile products, collected as a liquid fraction
(last peak) in the SATVA separation, were further
investigated by GC-MS. The chromatograms for the
GC-MS investigations of these fractions from the
degradation of ZnPA and CoPA, shown in Figures 9
and 10, indicate a complex mixture of products, nearly
all of which have been identified as in Tables 4 and 5. 

Mechanism of Degradation
Identification of the degradation products leads to the

mechanism of decomposition in which radical interme-
diates through backbone and side chain scissions,
therefore predominates[14,19]. Consequently, when
backbone scission occurs, it will almost invariably be
followed by side group scission, to give either metal
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Table 3. Products identified in the cold ring fraction from

degradation to 500°C of ZnPA.

Compounds m/e
Zinc metal  

Zinc oxide

CH3 - CH  -  CH2

C        C

O    O  O    O

Zn

CH2 = C - CH2 - CH2

C            C

O    O     O       O

Zn

CH3 - CH - CH2 - CH - CH3

C               C

O      O       O     O

Zn

CH2 = C - CH2 - C = CH2

C                   C

O      O           O      O

Zn

CH3 - C - CH2 - C = CH2

C                   C

O      O          O       O

Zn

CH2 = C - CH2 - CH - CH - CH2 - CH2

C             C             C       C

O     O      O    O       O   O O    O

Zn                        Zn

CH3 - CH - CH2 - CH - CH2 - CH - CH2

C               C    C       C

O     O         O   OO   OO    O

Zn                 Zn

65

81

195

207

223

219

221

400

402
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Non-condensable

products at -196°C

Condensable volatile products at -196°C
CRF (yellow solid) Residue (black)

Gases Liquid fraction
IR IR, MS IR, MS GC-MS IR, MS IR

Carbon monoxide

Methane

Carbon dioxide*

Ethylene

Ketene

Propene

1-Butene

Acetone

Diethyl ketone

Xylene

Methyl vinyl-ketone

Toluene

Benzene

Cyclopentene

Cylcopentanone

1,3-Butadiene

Acetaldehyde

Acrolein

Acrylic acid

H2O

Mesitylene

Toluene 

Methyl vinyl-ketone

Methyl ethyl-ketone

Benzene

Acrylic acid

Diethyl ketone

Xylene

Ethyl benzene

Ethyl n-butyl-ketone

Zinc metal as a

major product

together with small

amount of chain

fragments such as

monomer and dim-

mer salts

Zinc oxide as a major

product

Non-condensable

products at -196°C

Condensable volatile products at -196°C
CRF (yellow solid) Residue (black)

Gases Liquid fraction
IR IR, MS IR, MS GC-MS IR, MS IR

Carbon monoxide

Methane

Carbon dioxide*

Ketene   

Propene

Acetone*

Benzene 

Toluene  

Propanal

Xylene

Acetaldehyde

Cyclopentene

Acrolein

Diethyl ketone

Methanola

H2O

Methanol

Acetic acid b

Acetone 

Methyl ethyl-ketone

Toluene

Xylene

Benzene

Diethyl ketone

Cyclopentanone

Methyl n-propyl-ketone

Methyl n-butyl-ketone

Methyl propenyl-ketone

Methyl isopropyl-

ketone

Cold ring fraction con-

sisted of fragments con-

taining carbonyl and

carboxylic groups, no

monomer salt or

oligomer was found. 

Metal oxide as a

principal product

Table 4. Products of degradation of ZnPA to 500°C at 10°C/min under TVA condition.

Table 5. Products of degradation of CoPA to 500°C at 10°C/min under TVA conditions.

(*) major a. impurity (solvent). b. impurity from starting material.

(*) major



carbonate or metal oxide. The same result is produced
if the first scission is in the side group and this is fol-
lowed by scission in the backbone. Two intermediate
terminal ring structures can be written, which enable
the various volatile products found and the small

amounts of CRF products to be explained (Scheme I).
The routes from structures (A) and (C) to the various
volatile products are essentially similar to those present-
ed in the mechanisms already described [8], following
initial scission at or near the terminal ring structure.
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Figure 8. SATVA Curve for warm up from -196oC to 0oC of
the condensable volatile products fraction from degradation
to 500oC under TVA condition of cobalt polyacrylate sample.

Figure 9. GC-MS Chromatogram of the less volatile liquid
fraction of ZnPA.

Scheme I

Follow the procedures already described [8]
(A) and (C)   to the various volatile products
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CONCLUSION

According to the TG, DTA, and TVA data which have
already been discussed, the thermal behaviour and the
mechanism of degradation of both polymer salts show
some similarities to the alkaline earth metal salts of
respective acid, but there are also differences [14].

It is found that the thermal stability of zinc poly-
acrylate is more than cobalt(II) polyacrlate in agree-
ment with Gronowski et al.[10] study. The low thermal
stability of CoPA compared with ZnPA seems to be due
to the different catalytic effect of the metal cations in
the polymer salts.

The structure of the solid residues of degradation
of these salt polymers is consistent with that reported
by other studies[10], which is mainly the respective
metal oxide together with some carbon.

The presence of zinc metal in CRF fraction of
ZnPA is clear evidence of reaction between ZnO and C
in black residue at high temperature. It is not found any
cobalt metal as a CRF fraction because of low volatili-
ty of cobat(II) oxide in comparison with zinc oxide.
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