
Chapter 6 

Conclusions, Suggestions for further improvements and 

Recommendations 

6.1 Conclusions 

1. Suggested test method allowed to establish the dependence of the load applied to 

specimen, on the time elapsed to completely peel off the specimen in an open air. 

The higher, the values of the peel speed, the less was the resistance of specimen to 

creep rupture, the lower was in all probability the interfacial interaction between 

considered materials. 

2. Obtained creep test results correlated well with swelling test results. Reproduced 

analogy confirmed that the method suggested realistically characterized effect of 

chemical structure of kaolin on its interaction with rubber. 

3. It was established that modification of kaolin with Carbamide and Poly Vinyl 

Alcohol intensified its interaction with rubber. Specimens having modified kaolin 

substrate demonstrated higher peel-strength values compared to specimens with 

standard non-modified kaolin substrate. 

4. The rubber-filler interaction proceeded from physical absorption of rubber polymer 

chains or their structural units to the filler surface, owing to action of non-polar 

(dispersion) or polar (orientation and induction) forces. There was no chemical bonds 

crossed rubber-filler interface. 

5. It was suggested that interaction between modified kaolin and rubber polymer 

stemmed from adsorption of the latter to active functional sites, that were introduced 

to the filler surface through modification as well as better compatibility of inorganic 

kaolin with organic rubber. 
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6.2 Suggestions for further improvements 

The filled rubber compound formulation technology has nearly all been developed 

empirically and fundamental understanding of rubber-filler interaction mechanism is 

developed slowly. 

The present research has clearly revealed, that there is advances in measuring the 

fracture energy of rubber-filler joints representing a model of filled rubber compound 

and coupling obtained results with realistic analysis of the nature and magnitude of 

intrinsic adhesion bonds established across rubber-filler interface. 

There are many areas where further work is required. It is required to find quantitative 

relationship between peel-strength being measured, and summation of all molecular 

forces attracting rubber polymer to filler surface. 

This information will enable to calculate the endurance limit of any composite having its 

molecular characteristics. 

Experiment was performed at ambient temperature, but peel-strength as any other 

mechanical characteristics of polymer exhibits pronounced dependence on temperature. 

In this context learning about the temperature effect on fracture energy will develop 

theoretical understanding of fracture mechanism of filled rubber compounds and bring 

valuable assistance to rubber compounders and their customers. 

Information provided by solvation method would be more useful having quantitative 

interpretation of the obtained results. That is by drop in peel-strength value due to the 

effect of associative and dispersive components of solubility parameter of the damaging 

mediums to calculate quantitative contribution of every type of molecular bon'ds 

participating in the formation of rubber-filler interface. 

Such information will be useful in predicting the behavior of filled rubber compounds 

under loading conditions in hostile environment. 

It may also require to carryout other methods, for examples 90° peel test for flexible to 

rigid joints, climbing drum peel test for skin-sandwich assembly, to show that peel 

strengths being calculated for a case of equilibrium separation of specimen by different 

methods are yield in similar values. 



6.2 Recommendations 

Using the above mentioned approaches for evaluation of rubber-filler interaction, it is 

possible to establish the interrelation between the measured fracture energy and intrinsic 

fracture energy, that is necessary solely for rupture of intrinsic adhesion bonds, crossed 

rubber-filler interface. 

Identifying such relationship many observations concerning the effect of service 

conditions on the properties of filled rubber compounds may be rationalized and more 

fully understood. 

It is apparent that optimization of rubber formulation technology requires an informed 

approach to the prediction of physico-mechanical properties of rubber compounds. 

Certain information about that can be provided by performed creep rupture test. 

Quantitative data related to interaction of rubber with filler are the most powerful tool in 

the approach to the logical design of rubber compounds, that is still major problem to 

rubber compounders and processors, but from that many of newly emerging rubber 

products of high performance will be benefited. 

Results obtained by developed creep rupture test methodology suggested that the 

research can be used in building of computer added selection program to be used in a 

selection of a particular filler or ways of its appropriate and effective modification for a 

given industrial application. 

It is also hoped that research carried out will give the filler producer a general 

appreciation of the ways in which beneficial effect of traditionally used fillers on 

properties of filled rubber compounds can be increased. 

Results obtained by solvation test, can be use to predict the stability of interface to 

loading conditions and environments, which may be expected during the service life. 

Knowing of these concepts will help to make a correct decision by the compound 

designers, rubber technologist etc., in designing composite interface capable of surviving 

under the most arduous conditions for a long period of time. 
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Appendix I 

Technical Data of China Clay 

Rubber grade clay was refined in Borlasgamuwa refinery. 

Technical data were obtained from Sri Lanka Ceramic Ltd. Piliyandala. 

Color Raw color 

Chemical Analysis 

Si0 2 

AI2O3 
Fe 2 0 3 

Ti0 2 

CaO 

MgO 

Na 2 0 

Loss on ignition 

Specific Gravity 

pH 

Brightness less than 

Moisture content 

General plasticity 

45.82% 

38.78% 

0.39% 

0.79% 

0.13% 

Traces 

0.29% 

13.90% 

2.59 

5.6 

78% 

2% 

Good 

Particle size distribution 

Larger than 25 microns 

Between 25-2 microns 

Smaller than 2 microns 

Smaller than 8-5 microns 

Smaller than 5-3 microns 

Smaller than 3-2 microns 

0.20% by weight 

29.90% by weight 

70.00% by weight 

6.70% by weight 

9.30% by weight 

8.00% by weight 
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Smaller than 2-1 microns : 16.20% by weight 

Smaller than 0.5 microns : 40.80% by weight 

Rotational analysis 

Clay substances : 94.8% 

Feldspar : 2.0% 

Alumina : 0.8% 

Other impurities : 1.9% 

Appendix 2 

Properties of the chosen alcohols 

Table A.2.1 : Properties of the chosen alcohols 

Solvent Relative Density at 20° Boiling Associative Dispersive 

molecular C point, °C component(8a), component(o</), 

weight (g/ml) (MJ/m 3 ) l / 2 (MJ/m 3 ) l / 2 

Methanol 32.04 0.791-0.792 64.0 25.47 15.14 

Ethanol 46.07 0.789-0.790 78.4 21.56 15.76 

Propanol 60.10 0.803-0.806 96.0-99.0 18.9 15.82 

Butanol 74.12 0.808-0.810 116.0-118.0 17.03 15.97 

\ 
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Appendix 3 

Calculat ion of equil ibrium speed of poly(cis) isoprene chain segment 

Speed of statistics segment of poly(cis) isoprene chain was calculated as follows. 

Figure A.3.1: Diagram of the simplified exposition of kinetic segments of poly (cis) 
isoprene. 

Average distance passed by statistic segment in an elementary event of thermal mortion 

-8 
equal to the Kuhn segment length, corresponding to 18.0 .10 cm for poly(cis)isoprene 

chain (Tager, 1962) was divided by average relaxation time of a hydrocarbon chain 

segment, equal to 10 Sec (Kuleznev, 1990) to obtain segment speed. 

Segment speed in normal environment = 18.0 .10 s / 10 = 18. I0" l ) * I0"sm/sec. 

In a liquid medium relaxation time was reduced to IO"6Sec ; According to (Matsuoka, 

Segment speed in a liquid medium = Kuhn segment length for poly(cis)isoprene chain / 

Average relaxation time of hydrocarbon chain 

segment 

Segment speed in a liquid medium = 18.0.10"1 0 / 10"6 =18. 10"4 * 10"3m/sec. 

18.0 .10"8 cm 

1992) 
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Appendix 4 

Statistical analysis of data 

Statistical analysis of data was done to determine the standard deviation or root mean 

square deviation. The data in table A.4.1 was analysed statistically. 

Mean value (u) is actually the arithmetic mean of number of measurements at specific 

count of the variable (Nakra & Chandhry, 1988). 

where ; u. = mean value of the measured variable, 

n = number of measurements. 

X = experimental value of measured variable 

Deviation of measured variable from mean value ( 8 ) 

5,• = x ,• - u 

Standard deviation (a) is defined as deviation of average measured variabl 

values from mean measured variable value. 

n 

U = 1 / n I x i 

i = i 

n 

CT = [ 1 / / ? E 5 , - ] 
2 -,1/2 

i= l 

x, =2368296, x,=2367996, *,•= 2368416 

} 

u = 1/3Z [2368296 + 2367996 + 2368416] 
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u, = 1 / 3 2 [7104708] 
i = i 

u = 2368236 

5/ = 2368296 - 2368236 = 60 

5: = 2367996 - 2368236 = -240 

5j = 2368416 -2368236 = 180 

8 = deviation of measured elapsed time values from mean time elapsed value. 

3 

a = [1/31. (60) 2 +(-240) 2 + (180) 2 ] 1 / 2 

i =1 

o = [ l / i x (93600)] 1 / 2 

o = [31200] 1 / 2 

<j= 176.63 

a = Standard deviation of measured elapsed time values from mean elapsed 

time value. 

The values of p., 5,. a were calculated for all specimens and results are shown 

table A.4.1. 
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Tabic A.4.1 : Statistical analysis o f results. 

Specimen Load Time Mean value of Deviation(5/), Standard 

number applied, Elapsed, measured sec deviation(a), 

N sec varable (u.), sec sec 

2368296 2368236 60 

0.1568 2367996 2368236 -240 176.63 

2368416 2368236 180 

2891613 2891977 -364 

0.1372 2891313 2891977 -664 437.48 

No.l 
2892005 2891977 28 

No.l 
3382642 3382602 40 

0.1078 3382402 3382602 -200 149.67 

3382762 3382602 160 

9999837 10000000 -163 

0.055 9999874 10000000 -126 204.91 

10000289 10000000 289 

2683832 2684052 -220 

0.1568 2684252 2684052 200 172.05 

2684072 2684052 20 

3218671 3218671 0 

0.1372 3218461 3218671 -210 171.46 

No.2 321881 3218671 210 

4755438 4755385 53 

0.1078 4755558 4755385 173 167.50 

4755158 4755385 -227 

9999927 10000000 -73 

0.0605 10000459 10000000 459 348.8 

9999614 10000000 -386 

61 



3218671 3218611 60 

0.3724 3218371 3218611 -240 176.64 

3218791 3218611 180 

4372683 4372783 -100 

0.2646 4372743 4372783 -40 101.98 

No .3 4372923 4372783 140 

5319881 5319601 280 

0.2254 5319641 5319601 40 246.58 

5319281 5319601 -320 

1153792 1153846 -54 

0.154 1153996 1153846 150 107.4 

1153750 1153846 -96 


