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Results of thermal and pyrolysis-GC/MS analyses of Na, Ca and Mg polyacrylates 
are presented. It was confirmed that the main decomposition reactions of the Na salt 
take place in the temperature range 420-470 ~ and those of the other two polymers in 
the range 450--490 ~ . It was found that the solid residue after decomposition was the 
metal carbonate or oxide, while the volatile products consisted of H,, CO, CO2, satur- 
ated and unsaturated hydrocarbons (including cycloolefins and aromatic hydrocarbons) 
and aliphatic ketones. This suggests that the thermal decomposition of the metal poly- 
acrylates proceeds via side-chain splitting and breaking of the main chain of the poly- 
mer, without retropolymerization. 

Meta l  salts o f  polyacryl ic  acid may  be t rea ted  as inorganic - type  solids as well 
as vinyl polymers .  This double -meaning  s t ructure  has to be po in ted  out  in con- 
s idera t ion  o f  the thermal  behaviours  o f  these compounds .  

The thermal  decompos i t ion  o f  s imple carboxyl ic  acid salts leads mainly  to the 
respective ketones  and inorganic  solids [ 1 -  3 ]: 

2 R - C O O M  ~ R - C O - R  + M2COs 

a l though hydrocarbons ,  H2 and CO2 are fo rmed  too.  The solid res idue af ter  the 
decompos i t ion  is the metal  ca rbona te  or  oxide,  with a small  a m o u n t  o f  c rack  
carbon.  

On  the o ther  hand,  the thermal  react ions  o f  organic  po lymers  a re  dependen t  
on the s tabi l i ty  o f  the main  or  s ide-chain  bonds ,  the react ivi ty o f  the radicals  
formed by  chain  f ragmenta tkm,  the presence o f  react ive a toms  in a molecule,  and  
the in terac t ion  o f  ne ighbour ing bonds  [4, 5]. The  typical  thermal  react ions  o f  
vinyl po lymers  a re :  
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- statistical chain break (for example polyethylene); 
- retropolymerization (polystyrene); 
- side-chain splitting followed by aromatization of the fragments formed 

(polyvinylchloride). 
It is difficult to predict the nature of the thermal decomposition of metal poly- 

acrylates without experiments. The results of  the present work, where thermal 
and  pyrolysis-GC/MS analyses were used to investigate the thermal decomposi- 
tions of Na, Ca and Mg polyacrylates, throw light on this question. 

E x p e r i m e n t a l  

Preparation of polyacrylates 
Na, Ca and Mg acrylates were obtained in the reaction of freshly-distilled 

acrylic acid (99 % purity) with sodium hydroxide, calcium oxide or magnesium 
oxide, respectively. The prepared salts were polymerized in ca. 20% aqueous 
solutions in the presence of the initiator system ammonium persulphate - sodium 
pyrosulphate. The gels obtained were dried at 120-130 ~ to constant weight and 
powdered. 

Thermal analysis 
The thermal analysis curves (TG and DTG) were obtained with a Mettler TA-2 

thermal analyser. 50 mg sample in a 0.9 cm a Pt crucible was heated over the tem- 
perature range 2 5 - 6 0 0  ~ at a heating rate of 2 ~ per minute, in a flowing argon 
atmosphere. 

Pyrolysis-GC/ MS analysis 
A Curie point Pye Unicam pyrolyser coupled with the LKB GC/MS 2091 

system was used. The pyrolysis was carried out at 610, 770 and 980 ~ the sample 
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being heated for 5 sec. The gas chromatographic separation of pyrolysis products 
was made on a 2 m x4  mm column packed with 15% LB 550X (Pe rk in -E lmer )  
on 60/80 mesh Chromosorb P at 120 ~ Helium flowing at a rate of  30 cm3/min 
was used as the carrier gas in all systems. 

Mass spectra of the separated compounds were obtained at 70 eV ionizing 
energy and 3.5 kV accelerating voltage. The temperature of  the ion source was 250 ~ 

R e s u l t s  a n d  d i s c u s s i o n  

TG and D T G  curves of  the investigated polyacrylates are given in Fig. 1. It  
can be distinguished that the temperature corresponding to the maximum in the 
decomposition rate is lower for Na than for Mg and Ca polyacrylates (430, 460 
and 485 ~ respectively). The higher thermal stability of  Ca and Mg polyacrylates 
may be associated with their setting structure in contradistinction to the Na 
polymer. 

In the solid residues after decomposition of the Na and Ca salts (at about 
600 ~ carbonates were found, whereas Mg polyacrylate decomposed to MgO 
because of carbonate instability at this temperature. In all cases a small amount  
of  crack carbon was present. 

dm 

430 

46O 

20~ 

~ 8 0 /  _ L I [ - -  
350 400 Z,50 500 550 

Temperature ~ ~ 

Fig. 1. TG and DTG curves of investigated polyacrylates: 1 -- Na, 2 -- Ca, 3 -- Mg 
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To obtain a sufficient amount  o f  volatile products  o f  thermal decomposi t ion 
in the pyrolysis-GC/MS system, high heating element temperatures had to be 
attained. Pyrolysis temperatures in the range 6 0 0 - 9 0 0  ~ are usually convenient 
for organic polymers. 

A typical ch romatogram o f  the volatile pyrolysis products  o f  N a  polyacrylate 
heated to 770 ~ is shown in Fig. 2. The compounds  identified by comparison of  
their mass spectra with catalogue data  [6, 7] are listed in Table 1. 
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Fig. 2. Chromatogram of volatile pyrolysis products of sodium polyacrylate 

Table 1 

Volatile products of pyrolysis of sodium polyacrylate at 770 ~ 

Peak  No  C o m p o u n d s  
(Fig.  2) 

1 
2 
3 
4,5 
6 
7 
8 
9 

10 
I1 
12 
13 
14 
15 
16 

CH4, CO 
C2H~, C2H~, CO2 
hydrocarbons C 3 
hydrocarbons C4 
dienes and cycloolefins C~ 
acetone 
cyclopentadiene 
butanone-2 
cyclohexadiene 
benzene 
pentanone-2 
methylcyclohexadiene 
toluene 
ethylbenzene 
xylenes 
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The compounds found may be considered in three groups: 
(1) gases: Ha, CO, CO2 and hydrocarbons C 1 - C4; 
(2) unsaturated hydrocarbons C 0 -  C~, including cycloolefins and aromatic 

hydrocarbons; 
(3) aliphatic ketones. 
The presence of cycloolefins and aromatic hydrocarbons among the volatile 

decomposition products testifies to side-chain splitting and cyclizing of cleaned 
fragments of the stripped main chain. CO may be a decomposition product of 
metal formate formed as an instable intermediate (Scheme la). 

The formation of aliphatic ketones is a result of the main chain breaking. 
There are two possible ways: 

(1) formation of carboxylic acid salts (mainly acetates and propionates) and 
their secondary reactions (Scheme lb); 

(2) reaction of the carboxylate groups of the polymer, leading to formation of 
C = O  bridges between polymer chains (Scheme lc) followed by breaking of C - C  
bonds in the main chains. 

It was confirmed that neither the temperature of the ferromagnetic wire of the 
pyrolyser (in the range 610-980 ~ nor the nature of the metal in the polyacrylate 
influences the qualitative composition of the pyrolysate. Only differences in the 
concentrations of the components are observed. The higher the pyrolysis tempera- 
ture, the larger the percentages of gases and aromatic hydrocarbons present in the 
pyrolysate. 

The absence of divinyl ketone from the pyrolysis products suggests that the 
retropolymerization process is not probable. 
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RI~SUM~ -- On prdsente les rdsultats des analyses thermiques et des produits de ddcomposition 
pyrolytique par  chromatographie en phase gazeuse et spectromdtrie de masse (GC/MS) des 
polyacrylates de Na, Ca et Mg. On confirme que la rdaction de ddcomposition principale du sel 
de sodium a lieu entre 420 ~ et 470 ~ et celle des deux autres polymdres entre 450 et 490 ~ On 
trouve que le rdsidu solide apres ddcomposition est le carbonate  ou l'oxyde du mdtal, tandis que 
les produits volatils consistent en N2, CO, COs, en hydrocarbures saturds et non-saturds (y 
compris les cyclooldfines et hydrocarbures aromatiques) et en cetones aliphatiques. Cela per- 
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met  de  suppose r  que  la d6compos i t i on  t h e r m i q u e  des po lyacry la tes  m6tal l iques  s 'effectue p a r  
c o u p u r e  de la cha~ne lat6rale et par  r u p t u r e  de  la cha~ne pr inc ipa le  du  polym6re ,  s ans  r6 t ropoly-  
m6r isa t ion .  

ZUSAMMENFASSUNG --  Die  Ergebnisse  der T h e r m o -  u n d  P y r o l y s e - G C / M S - a n a l y s e n  von  Na- ,  
Ca-  u n d  Mg-Po l yac ry l a t en  werden  beschr ieben.  Es  wurde  best/itigt,  dass  die H a u p t z e r s e t z u n g s -  
r e ak t i onen  des  N a t r i u m s a l z e s  im T e m p e r a t u r b e r e i c h  v o n  420 bis 470 ~ j ene  der  ande ren  zwei 
P o l y m e r e n  im Bereich v o n  450 bis 490 ~ ab laufen .  Es  wurde  n a c h  der  Ze r se t zung  ein  fester  
R t i cks t and  yon  M e t a l l k a r b o n a t  oder  -oxid ge funden ,  w/ihrend die flfichtigen P r o d u k t e  aus  N~, 
CO,  CO~, ges/i t t igten u n d  unges/ i t t ig ten Koh l enwasse r s t o f f en  (da run te r  Zykloolef inen  u n d  
a r o m a t i s c h e n  Koh lenwasse r s to f f en )  u n d  a l ipha t i s chen  K e t o n e n  bes t anden .  Dies  lasst  d a r a u f  
schl iessen,  dass  sich die t he rmische  Z e r se t zung  der  Meta l lpo lyacry la te  fiber die A b s p a l t u n g  der  
Sei tenket te  und  der  Spa l tung  der H a u p t k e t t e  des  Po lymers  ohne  R e t r o p o l y m e r i s a t i o n  vollzieht .  

Pe31oMe - -  Flpe~lCTaB~enbI pe3ynbTaTr~r TepMuqecKoro rt KOM6nH•pOBaHHOrO Mexo~ta anaYlHBa 
nHpon~I3-raB-xpoMaTorpaqbrla-Macc-cneKTpOMeTpaa nonaaKpi,inaTOB Na ,  Ca ~ Mg.  l-lo~TBepm~le- 
HO, ~TO OCHOBHbIe peaKuHI~ paBno~renaa HaTprleBOii COn~t nMeIOT MeCTO B o6nacT14 TeMtlepaTyp 
4 2 0 ~ 4 7 0  ~ B TO BpeM~ KaK ~:Ia ~ByX ~ p y r a x  nonrLMepoB - -  B 06nacTa 4 5 0 4 9 0  ~ YCTaHOBneHO, 
~ITO TBep~bIgt OCTaTOK IIOCYle pa3JIO:~I~eH14fl ripe]ieTaBJi~leT c060~ Kap6oI-IaT !/IJI140KVIet, COOTBeT- 
CTByrotttero MeTa~JIa. fleTyqHe npo~yKT~,I COCTO:~Jm n3 H2, CO,  CO2, HacbIu.IeHHt,IX H 14enacbl- 
I/~eHHblX yrJ'leBo~opo~oB, BK.rllOqa~t UttK/Ioo.rteqb14Ht,114 apoMaT14qecr, ne  yr~eBo~opo]xbI, ~I aJIriqbaT14- 
�9 IeCKI4X KeTOHOB. ~)TO IIO~TBep)K~aeT, r.fTO TepMH~Iecroe pa3no~eH14e MeTaJIJIHOJt14aKpHJIaTOB npo-  
TeKaeT ~tepe3 cTa,~lnvI pacmeltner taa  ~OKOBOI~ uerm n pa3pbIBa rnaBHOfi u e n a  rto~HMepa 6e3 06-  
paTHOfi peaI~U~n rto~rIMepH3auI~w. 
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