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The effect of  two commercially available metal oxide curing agcnts, ,n~'-'t,u2 and M n G  2 , on the 

cure time, kinetic parameters and ultimate tensile strength of the polysulphide polymer was 

investigated. The kinetic parameters for the thermal decomposition of the two systems were 

evaluated from their T G data. Both the energy of activation and pre-exponential factor showed a 

systematic increase with increase in cure and levelled offafter the reaction. The cure time was also 

followed by determining the mechanical properties of  the samples at regular intervals. The 

ult imate tensile strength values and the kinetic parameters follow similar trend with respect to the 

cure time. The kinetic parameters and the ultimate tensile strength for the PbO z cured 

polysulphide system were on the higher side. 

Polysulphide polymers are widely used in the preparation of adhesives and 
sealants [1]. The major advantages of polysulphide polymers are their excellent 
adhesion to a variety of substrates when compounded with specific additives, 
maintenance of integrity in the seal under extension and compression by relieving 
the stress under fixed strain through interchange of disulphide linkages, 
outstanding fuel resistance because of the sulphur linkages in the chain, very low 
gas and vapour permeability and very high resistance to ozone, sunlight and 
weathering because of the oxygen saturated backbones [2]. Polysulphide adhesives 
and sealants find extensive application in aircraft industry, ship-building, gas main 
sealings, corrosion and abrasion resistant industrial coatings, building con- 
struction, etc. The chemistry, mechanism of cure, reinforcement and various 
applications of liquid polysulphide polymers have been discussed in detail by 
Berenbaum et al. [3]. 

A wide variety of curing agents such as p-benzoquinone dioxime, methyl ethy4 
ketone peroxide, metal oxides like lead dioxide (PbOz), manganese dioxide (MnO2) 
and ammonium dichromate [(NH4)zCr2OT] have been used to convert the liquid 
polymer to an elastomer [4]. In the present work, it is attempted to study the effect of 
two commercial curing agents, viz., PbO2 and MnO 2 on the cure time of the 
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polysulphide resin. It is also attempted to evaluate the kinetics of the thermal 
decomposition of the samples cured at different intervals and correlate the kinetic 
parameters with the tensile strength of the samples. 

Experimental 

Samp& 

The polysulphide resin used in this study is the mercaptan terminated liquid 
polymer having the formula: 

HS-Cz H4-O-CH 2~Z)-C 2H4-(-S-S-C2 H4-O-C 2Ha-)~-SH 

prepared as per reported procedure [2]. The main features of the resin are: 
(i) viscosity: 35,000 cps at 25 ~ (ii) Specific gravity: 1.303 at 25 ~ (iii) Molecular 
weight: 3100. (iv)-SH content 1.7% and (v) Trichloropropane cross-linking agent 
(2%). The curing agents were commercial grade PbO/and  MnO2. 

l n s t rumen t s  

The TG experiments were done using a DuPont 951 thermogravimetric analyser 
under identical conditions of heating rate 10 deg min- 1 sample mass 10 + 0.5 mg 
and atmosphere: nitrogen at a rate of 50 cm 3 min - 1. The mechanical properties of 
the cured samples were evaluated using an Instron Universal Testing Machine, 
Model No. 4202. Kinetic calculations were done with a CDC computer using a 
FORTRAN IV Program. 

Procedure 

The polysutphide resin and the curing agents, PbO2 or MnO2, were mixed 
separately in the optimum ratios (8 phr PbO 2 and 4 phr MnO2) and cured at room 
temperature. The TG experiments were carried out immediately after mixing and at 
regular intervals for several days. The ultimate tensile strength of the cured 
polysulphide samples was determined by using dumb-bell shaped specimens 
conforming to ASTM-D412 after 48 h and at regular intervals. 

Results and discussion 

The kinetic parameters, viz., activation energy E and pre-exponential factor A for 
the thermal decomposition of the samples, cured with two curing agents, were 
calculated from their TG curves using the Coats-Redfern equation [5] 
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l n [ l - ( 1 - c 0 1 - " ]  IAR(I ~ _ ) ]  E 
( l - n ) T  2 = l n L c p  E \  - - R-T 

(where cc = degree of conversion, n = order parameter, A = pre-exponential 
factor, E = activation energy, R = gas constant and qb = heating rate). 

Using computer, linear plots of the left-hand side of the above equation versus 
lIT were drawn for different values of n in the range of  0 to 2 and the order 
parameter was chosen from value of n which gave the best fit straight line [6]. The 
best fit value ofn was found to be zero for both samples. Inserting this value ofn into 
the Coats-Redfern equation, the energy of activation and pre-exponential factor 
were calculated for the two types of samples drawn at different intervals. The results 
along with the correlation coefficients (r) of the corresponding linear plots are given 
in Tables 1 and 2 respectively for PbO 2 and MnO 2 cured samples. 

From these tables it is also evident that before the onset of the cure reaction the 
kinetic parameters are not much affected by the two curators. The values o f E a n d  A 

Table 1 Kinetic parameters for the thermal decomposition of polysulphide-PbO 2 system 

Cure time, h E, kJ mol -a A, s -~ r 

0 56.27 2.543 x 102 0.9974 

24 65.89 3.137 x 103 0.9965 

48 70.54 5.369 x 10 a 0.9968 

96 76.27 1.466 x 104 0.9965 

144 79.62 2.307 • 104 0.9975 

192 79.91 2.512 x 104 0.9965 

240 80.08 2.554 x 104 0.9966 

288 79,91 3.153 x 104 0.9977 

336 80.12 3.158 x 104 0.9965 

Table 2 Kinetic parameters for the thermal decomposition of polysulphide-MnO 2 system 

Cure time, h E, kJ tool-  J A, s -  a r 

0 55.98 2.234 • 10 z 0.9920 

24 60.24 6.005 • 10 z 0.9900 

48 63.01 9.604 x 102 0.9925 

96 67.94 3.512 x 103 0.9945 

144 70.29 3.881 x 103 0,9965 

192 70.70 1.420 x 104 0.9945 

240 71.33 1.810 x 104 0.9940 

288 71.54 2.010 x 104 0.9955 

336 71.54 2.020 x 104 0.9965 
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Talfle 3 Ultimate tensile strength for the polysulphide resin cured with PbO 2 and MnOz 

PS + PbO 2 PS + MnO 2 
Cure time, h 

UTS, kg/cra 2 UTS, kg/cm 2 

48 3.4 2.3 

72 3.8 2.6 

96 4.5 3.3 

120 4.6 3.5 

144 4.6 3.6 

168 4.6 3.7 

240 4.5 3.8 

336 4.6 3.8 

are nearly the same (E = 56.1 kJ m o l -  1 (13.4 kcal mo l -  1) and A = 2 x 10 z s-  1) for 
both samples mixed with the two different curators and these values are in 
agreement with the values reported for polysulphide resin [7]. F rom Tables 1 and 2 

it can also be seen that the E and A values show a systematic increase With the 
increase in cure and level off after a certain time which depends on the curator used. 
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Fig. I Effect of cure time on kinetic parameters and UTS 
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Thus the PbO2 cured samples attained the maximum values after 120 h whereas the 
MnO2 cured samples required more than 240 h. The maximum values attained are 
not identical; they are higher for the PbO2 cured samples than for the MnO2 cured 
samples. 

The ultimate tensile strengths (UTS) of the PbO 2 and MnO2 cured polysulphide 
samples are given in Table 3. For the PbO2 cured samples, the initial value after 48 h 
of curing is 3.4 kg/cm 2. It gradually increased to a maximum of 4.6 kg/cm 2 after 
120 h of curing and then levelled off. In the case of MnO 2 cured samples the UTS 
values showed an increase from 2.3 kg/cm 2 to 3.8 kg/cm 2 from 48 h of curing to 
240 h and then they levelled off. Similar trend was reported by earlier workers 
also [8]. 

The trend of kinetic parameters is similar to that of the UTS which is the usual 
index of cure, and hence the former method may offer a possibility of following the 
cure especially where the sample quantities are very small. The kinetic parameters. 
and the UTS are plotted against cure time in Fig. 1 from which it can be noted that 
the similarity in the trend with respect to cure time is followed by E and log A. This 
can be explained on the basis of the kinetic compensation effect [9]. 

Conclusions 

Based on the experimental results obtained it has been shown that the curing 
agents influence the thermal and mechanical properties of the cured polymer. The 
values of E, A and ultimate tensil~ strength increased with increase in cure. The cure 
time estimated from the thermal decomposition kinetics agrees well with the 
optimum cure obtained from UTS measurements. Similarly, the samples with 
higher strength give higher values of E and A, which can be attributed to the higher 
degree of crosslinking in them. The correlation between extent of cure, thermal 
decomposition kinetics and ultimate tensile strength has thus been established for 
the polysulphide polymer. 

We thank Dr. R. Ramaswamy for supplying the resin and Dr. K V. C. Rao and Director, VSSC for 
the kind permission to publish this work. 
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Z ~ m m e n f a s ~  - -  Es wurde der EinfluB yon zwei im Handel erh~iltlichen Metalloxidh/~rtemitteln. 

PbO 2 und MnO2, auf die Aush~irtungszeit, die kinetischen Parameter und die Zugfestigkeit von 
Potysulfidpolymeren untersucht. Die kinetischen Parameter ffir die thermische Zersetzung der zwei 
Systeme wurden aus deren TG-Daten ermittelt. Sowohl die Aktivierungsenergie als auch der 
pr{iexponeetielle Faktor wachsen mit fortschreitender Aush/~rtung st~indig an und erreichen nach 
Verlauf der Reaktion einen konstanten Wert. In gleichm~iBigen Zeitabschnitten wurde die 
Aush~irtungszeit auch durch Bestimmen der mechanischen Eigenschaften der Proben verfolgt. In Bezug 
aufdie Aush~irtungszeit zeigen die Zugfestigkeit und die kinetischen Parameter einen/ihnlichen Verlauf. 
Die kinetischen Parameter und die Zugfestigkeit von mit PbO z geh/irteten Polysulfidsystemen zeigen 

bessere Werte. 

Pe3ioMe - -  H3yqeHo 8h14SHHe llpO~a~HblX LIByoKHce,~ CBHHIIa H MapFaHua,  KaK By.aKaHH3Hpy~otttHX 

cpeJlCTB, Ha nept~o~ 8yYlKaH143alU~14, g14HeTt, lqeCKI4e napaMeTpbl peaKlln14 ByJIKaH143aU14I-I 14 MaKCl4Ma.Jlb- 

ablfi npe~eJ~ HpOqHOCT14 Ha pacTa~eH14e nOJI14CyYlb~142IHOFO no.anMepa.  Hcxo~la ~3 TF ~altHblX 21YI~I 

~.Byx BbltlleyKa3aHHblX C14CTeM, 6bl~l[,I ollpe~leJleHbl Kl, meT14qecK14e rlapaMeTpbl 14x TepM14qeCKOI'O 

pa3.~o~eH14~. BeYlnqHHbl 3Hept141'l aK114Bal11414 14 Flpe~3KCflOHeHlll4aJlbHblH ~aKTop noKa3a~q14 

cncTeMaT14qectoe yBeaa•en14e tip14 By~lKar114314poaaH1414 14 ablpaBn14aa3114Cb noc,ae 3aaepuJeHHa 

ByhKaH143aurm. FIyTeM onpeae:~e~ma Mexa~nqecr14x CBOI4CTB o6pa3HOB a3nXblX B cTpOFO onpeae:~en- 
nbIX 14HTCpBa.rlax 8peMeH~q, 6 b H  ~poc3m~en flepnoa 8y.~KaH143al11414. MaKcHMa.~bHblfi npe~ae1~ 
RpOtlHOCTIt 14 l(14HeT14qecrHe i l apaMorpbl  IIO,Ll, q14HfllOTClll TaKo~I ~Ke 3aBHCI4MOCTI'I, Kag ~ nep14oa 
By.rll(ant,i3aH1414. B cJlyqae IlO.r114cyJlb~14~l.HOfi Ct'ICTeMbl, 3aByJ1KaHI43npOBaHHOH ,tlayOK14CbrO CBHmJ.a, 

KI4HeT14qectl4e napaMea-pb~ i MaKC14MaJlbnbI~'l npeaeJ~ npoqnocTl4 Ha pacraxenae 6blJ114 6o.aee 

BblCOK14M14. 
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