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Abstract 

An effect of a cyclic low molecular-weight polymer trans-polyoctenamer rubber (TOR) on 
the thermal stability of diene rubbers and their vulcanizates was investigated.The investigation 
was carried out in the air and nitrogen atmospheres using thermogravimetry, DSC and simulta- 
neous thermoanalytical methods. The thermal stability indexes: Ts, Tma~ and activation energy of 
degradation (AE), as well as Tg and T m values, have been determined. 

It was found that trans-polyoctenamer (TOR) increases of the thermal stability indices of raw 
diene rubbers and their vulcanizates. The results show that the thermal degradation of diene rub- 
bers occurred at higher temperature if they were blended with "I'OR. In our opinion, intermolecu- 
lar structures formed between the cyclic low-molecular weight polymer and some linear rubber 
molecules may be the reason for the higher thermal stability of these rubber blends. 
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Introduction 

Thermal stability of rubbers is one of the most important factors determining ar- 
eas of their application. Constant development of technology creates a demand for 
very sophisticated rubber goods and, therefore, it is necessary to find the ways to 
improve their thermal resistance. The high thermal stability of rubbers and rubber 
materials gives a longer life cycles and a great advantage in economy and ecology. 

According to present knowledge the thermal stability of polymers (rubbers) first 
of all is related to their chemical composition and structure [1-3]. It depends on 
different factors such as the energy of valence bonds in the main chains and in the 
network crosslinks, molecular interactions, flexibility of chains, ability to crystal- 
lize and so on. However, a mechanism of chemical reactions and physical transfor- 
mations occurring at elevated temperature on molecular level is not well enough 
recognized. 

It is known that different chemicals added to the rubber can exert an effect on 
the thermal behaviour and stability of rubbers and their vulcanizates. For examples, 
Sircar [4] has detected an effect of sulphur content and Brazier and Schwartz [5] 
noted an influence of accelerators on thermal properties of the polyisoprene. In our 
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earlier work, we have observed the strong effect of zinc oxide on the thermal deg- 
radation of polychloroprene [6]. 

The influence of polymer substances on thermal stability of rubbers is not well 
understood. It has been reported that macrocyclic polymers like trans-polyoc- 
tenamer (TOR) effect positively on the compatibility of rubbers as well as pro- 
cessability property of their compounds and also influence the physical properties 
of rubber vulcanizates in their hardness, elasticity, tensile strength [7-11]. We have 
assumed TOR should also influence on thermal properties of rubbers. 

TOR is an oligomer containing above 25 wt % of the ring structures (Fig. 1) with 
the rest consisting of linear structures [8-10]. Because of its double bond content, 
it can be crosslinked with sulphur systems. TOR is distinguished by very high crys- 
tallinity, low molecular weight, low melting point and low viscosity above the melt- 
ing temperature [9, 10]. Recently published works report an effect of high crystal- 
line TOR on a rate and extent of NR and SBR cure with different systems [12, 13]. 
In our previous work, we have found that TOR advantageously influences the cross- 
linking rate of NR and the vulcanizates show higher resistance to crosS-linking re- 
version of natural rubber when TOR was added [14]. 

The thermal properties of polymers blended with TOR are not well enough rec- 
ognized. Setiawan and others [15] have studied the blends of NR/EPDM/TOR by 
DSC method. In the present work, the effect of trans-polyoctenamer on the thermal 
stability of diene rubbers and their vulcanizates has been studied by means TG, 
DSC and derivatography methods. 

Experimental 
Materials 

Polymers 

Macrocyclic polymer trans-polyoctenamer (TOR) with partially linear struc- 
ture: Vestenamer 8012, produced by Hiils (Fig. 1, Table 1). 

Linear polymers-diene rubbers: natural rubber (NR)-RSS-1, high cis polybu- 
tadiene (BR)-Buna cis 132, emulsion styrene-butadiene rubber (SBR)-Ker 1500, ni- 
trile rubber with high ACN content (NBR)-Nipol N-41, terpolymer ethylene-pro- 
pylene-diene (EPDM)-Keltan 512 and chloroprene rubber (CR)-Denka S-40. 

Blends 

Blends of the following rubbers: NR, BR, SBR, NBR, EPDM, CR with TOR 
were mixed: 

I series: 90 wt. p. rubber/10 wt. p. TOR 
II series: 80 wt. p. rubber/20 wt. p. TOR 
III series: 70 wt. p. rubber/30 wt. p. TOR 

In the case of NR and EPDM additionally blends: 90/10, 80/20, 60/40, 40/60 
and 20/80 NR/TOR or EPDM/TOR were prepared. 
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Table 1 Typical physical properties of TOR [8-10] 

TOR grade: 
Density/g m1-1 
Melting point/*C 

Mooney viscosity ML (1 +4) at 100*C 
Crystallinity at 23*C/% (ca.) 
Molecular weight, MW (ca.) 
Glass transition temperature, TgI*C 
Trans-/cis-ratio of double bonds 

Vestenamer 8012 
0.91 
54 

<10 
27 

100 000 
--65 

80/20 

Vulcanizates 

Vulcanizates of the above mentioned rubbers with 20 wt. p. TOR/100 wt. p. 
rubber were cross-linked by sulphur systems and CR by ZnO, MgO, ethylenetiocar- 
bamide system. 

Methods 

1. Thermogravimetric investigations were performed using a Perkin-Elmer Thermo- 
balance TGS-1 under the following conditions: atmosphere air or nitrogen, sample size 
about 5 mg, temperature range 25--800~ heating rate 10~ rain -1. The mass loss 
TG and DTG curves were recorded. The thermal stability index T 5 at a temperature 
of 5 wt % mass loss was determined. 
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2. The thermoanalytical investigations were also carried out by means of Deri- 
vatograph C in an air using 20 mg samples, at a heating rate of 10~ min -1. 

3. The DSC investigation were carried out with Perkin-Elmer Differential Scan- 
ning Calorimeter DSC-1B in an inert atmosphere using 10 mg samples, at the heat- 
ing rate 8~ min -1 in the temperature range: --80 to +200~ 
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Fig. 2 TG curves of NR (1, 2) and NR/TOR (80/20) blends (3, 4): in air atmosphere (1, 3), 
in nitrogen (2, 4). Heating rate 10*C min -~ 
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Fig. 3 Thermoanalytical curves of NR (1) and its blend (80/20) with TOR (2) in air. Heat- 
ing rate 10*C min -~ 
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Results and discusion 

The thermoanalytical investigations show that macrocyclic polymer - TOR - 
blended with linear diene rubbers does not change the shape of their thermal de- 
composition curves, although it affects on the characteristic decomposition tem- 
peratures. In Fig. 2, as an example, the TG plot of the natural rubber, RSS-1 and 
its blend with TOR heated in air and nitrogen atmospheres, has been demonstrated. 
For the NR/TOR blend thermal curves two steps of the mass lo~s could be seen. 
The first one related to natural rubber and the second (above 450~ to TOR de- 
composition. The destruction of NR in the blends are evidently shifted toward the 
higher temperatures in comparison to NR alone. As was expected, the thermal de- 
composition of the rubbers and blends in an inert atmosphere takes place at higher 
temperature than in the air. The complete thermal characteristics of polymers stud- 
ied could be deduced from derivatographic curves "I"13, DTG and DTA. As an exam- 
ple of NR/TOR in Fig. 3 is presented. As can be seen, the peaks on ITI'G and DTA 
curves for the blend are also shifted toward the higher temperatures. 

T5 index is an important indicator of the polymer thermal stability and because 
the initial, To temperatures of the first symptom of the polymer destruction are not 
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exactly readable. The values of T5 for all studied rubbers and their blends contain- 
ing 10, 20 and 30 wt. p. of TOR tested in air and nitrogen are compared in Fig. 4. 
The data from these diagrams show evidently that TOR increases the thermal sta- 
bility of all rubbers to different degrees. We have observed that the values of/'5 in- 
crease with larger amount of TOR in the blends, but the level of the changes de- 
pends probably on structure of rubber itself. It is very interesting that the thermal 
stability of polybutadiene increases very little, while natural rubber, polycb_loro- 
prene and particularly EPDM rubbers, are affected to much higher extent. The ef- 
fect could be seen very clearly in the Fig. 5 where T5 values for EPDM and NR 
blends with TOR v/s total composition are demonstrated. 

The values of all thermal destruction indices for the individual rubbers, blends 
with TOR and vulcanizates are presented in Table 2. These data show higher T s in- 
dexes, higher values of the activation energy of decomposition, AE, and lower rates 
of mass loss, dm/dt, which evidence higher thermal stability when TOR is present 
in the blends or vulcanizates. However lower improvement of the thermal stability 
was observed for the vulcanizates than blends. It is probably because of an effect of 
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Fig. 6 DSC curves for TOR in nitrogen, the first heating (1) the second heating (2). Heating 
rate 8~ min -s 

low molecular weight unpolymeric components present in the rubber compounds, 
which decompose at lower temperature. 

Differential scanning calorimetry studies show the very weak glass transition Tg 
of TOR at -65~ and the sharp endotherm transition T m at 56~ corresponding to 
the melting of TOR crystalline phase. This transition is preceded by a lower en- 
dothermal transition in the range of 400C probably associated with the solid - solid 
transformation of microcrystalline phase of TOR (Fig. 6). As we can see, during the 
repeated heating of the same sample of TOR, this transition could not be observed. 
DSC studies of the blends show no clear effect of TOR on the glass transition tem- 
peratures of the rubber. It has been also observed any distinct change in the character 
of thermal curve and melting temperature of TOR blended with diene rubbers. 

Conc lu s ions  

Such significant effects of macrocyclic polymer (TOR) on thermal stability of 
EPDM and NR as measured by TG method could indicate some specific interaction 
in these systems on the molecular level. It is expected the formation of the special 
kind of intermolecular structures leading katenane or rotaxane structures which di- 
minish the amplitude of fluctuation of linear macromolecules and consequently de- 
crease the tendency to their thermal degradation. 
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Such hypothesis is confirmed by results of earlier investigations [14] indicating 
increase of crosslink density of NR and decrease of destruction of vulcanizates net- 
work (reversion) in the presence of TOR. The results of NMR tests made recently 
[16] confirm this assumption. 1H NMR idicator which determines the distribution 
of crosslink concentration of double bonds in diene rubbers calculated for NR/TOR 
blends point out that these rubbers with addition of q'OR show much lower thermal 
degradation. The research is continued, the results will be prepared for publication 
in the next future. 

The work was supported by State Committee for Research, Poland. Grant No. 7.T08 E 032-08. 
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