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ABSTRACT 

 

 A new test method to analyze the hot tear resistance of rubber vulcanizates comparable to the molding temperature of 165 0C was 
investigated. A mold consists of 18 suction cups in complicated shape was made. Quantities of fractured suction cups were analyzed after 

the suction cups were stripped off automatically from the heated mold through a special mold opening mechanism. Two industrial applied 

formulations at different levels of crosslink density were analyzed under this new test method. Hot tear test reveals the vulcanizate with 
lower crosslink density is lesser in the amount of fractured suction cups than the one with higher crosslink density with an improvement of 

317.52 %. The advancement level is profoundly higher than the result of conventional trouser tear test conducted at ambient temperature 

with an improvement of just 10.00 %. Hot tear test exhibits better sensitivity to different levels of rubber crosslink density pertaining to 

the tear resistances of vulcanizates at high temperature. Statistical t-test and SEM micrographs analyses are consistence to the results of 

hot tear test. 
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INTRODUCTION 

 

 Tear resistance of rubber molded products 

serves crucially in determining the molding process-

ability and end-use performances. Rubber products 

often fail due to the initiation and propagation of 

cracks introduced during production and service [1]. 

Particularly for rubber compression molding, a 

vulcanizate with complicated shape can fracture 

easily when stripping manually from the mold 

moreover if an unskilled operator performs the job. 

Standard tear tests by referring to ASTM D624 and 

ISO 34 are widely applied academically and 

industrially to characterize the tear resistance of 

rubber vulcanizates. The conventional tear tests 

analyze the localized force concentrated on a 

deliberated flaw and the force to produce 

continuously new surface is measured [2]. Many 

researchers examined the tear resistance of rubber 

vulcanizates with different geometries at room 

 temperature i.e. rectangular notched specimens 

[3], biaxial stretch geometry [4], single-edge notched 

tension and pure-shear geometries [1]. However, 

tear strength of sulfur-cured rubber vulcanizates at 

high temperature for common industrial applied 

cure temperature at the range of 150-170 0C has 

rarely been investigated. A specific contribution for 

high temperature tear strength has given by 

Sakulkaew and co-workers [5] to examine the 

trouser tear behavior of rubber vulcanizates by using 

indirect heating method inside a high temperature 

chamber. However, as rubber is a poor heat 

conductor, exposure of rubber inside a high 

temperature chamber needs longer heating time. 

Moreover, by using indirect heating method without 

physically contact, it is almost unpractical to 

achieve an isothermal condition across the cross 

sectional area of vulcanizate. Apart from that, 

oxidative degradation of vulcanizate may occur 

under such indirect heating condition to introduce 

additional uncontrollable factor. 

 Hence, in presence study, a mold with suction 



2                           Soh Tiak Chuan et al, 2015 /Journal Of Applied Sciences Research 11(11), Special, Pages: 1-7 

 

cups profile was designed to investigate hot tear 

strength of rubber vulcanizate at high temperature 

throughout the cross sectional area comparable to its 

mold vulcanization temperature. This study focuses 

on two common industrial applied vulcanizates at 

different levels of crosslink density by using 

statistical comparison and reviews on the behavior 

of fracture surfaces. A comparison is performed for 

the results of new hot tear test against the 

conventional trouser tear test. 

 

MATERIALS AND METHODS 

 

Materials: 

 Natural rubber (NR) (L-grade) was supplied by 

Hockson Rubber Trading, ethylene propylene 

terpolymer (EPDM) (Nordel P4520) with Mooney 

viscosity 20 was supplied by Dow Chemical, styrene 

butadiene rubber (SBR) (Intol 1502) with Mooney 

viscosity 52 was supplied by Polimeri Europa UK 

Ltd. Other rubber ingredients of calcium carbonate 

(CaCO3), precipitated silica, calcined clay, zinc 

oxide (ZnO), stearic acid, polyethylene glycol, 

phenolic antioxidant, paraffinic oil, metal soap, 

homogenizing resin, mercaptobenzothiazole 

disulphide (MBTS), diphenyl guanidine (DPG), Zn-

2-mercaptobenzo thiazole (ZMBT), 3-

triethoxysilylpropyltetrasulphide (TESPT) and 

sulphur were the grades customarily used in rubber 

industries. 

Formulation and mixing: 

 Melt compounding was performed by using a 

twowing tangential 110 litre internal mixer (X(S)N- 

110/30) from Dalian ChengXin Rubber & Plastics 

Machinery Co. Ltd., China with friction ratio 1.22 

and cooling water circulated. Two types of 

conventional industrial applied formulations for 

rubber mat i.e. compound HX and LX were 

prepared. Three replications were prepared for each 

type of compound. Two mixing cycles were carried 

out with 1st cycle to masticate all rubbers and 2nd 

cycle to mix other ingredients with initial 

temperature at 75 0C until discharge temperature at 

92 0C. Finally, all compounds were added with 

1.589 phr of sulfur by using a two-roll mill. Table 

1.0 shows the formulations of HX and LX. 

 

 

Table 1: Formulation of HX and LF 

 
 

2.3 Determination of cure characteristics: 

 Cure characteristics were determined by using an 

oscillating rotorless rheometer (UR2010) from U-CAN 

Dynatex Inc., Taiwan. The upper and lower dies are set to 

165 °C and 4.5 kg/cm2 of pressure for 240 sec. in 

compliance with ASTM D5289. The sulfur-added 

compounds were conditioned at room temperature for 24 

hours before the testing. The data of cure characteristics 

for scorch time (T2), 90 % cure time (T90), cure rate index 

(CRI) and torque difference (Δ torque) were recorded for 

every tested compound. CRI, which is a measure of cure 

reaction [6] is given as: 

                                                       (1) 
Δ torque, which represents crosslink density [7] is 

given as: 

Δ torque = MH - ML (2) 

where MH and ML are maximum and minimum 

torque, respectively. 

 

2.4 Testing and analysis of vulcanizates: 

 Compounds HX and LX were cured by using a 

250-tonne hydraulic compression press machine 

(M11067) from Dah Tyan Co. Ltd., Taiwan at 165 

°C according to T90 to produce a vulcanized rubber 

sheet of thickness 0.55 mm. Tear test was performed 

by using trouser-shaped specimens, with reference 

to ASTM D624 at ambient temperature 25 ± 2 0C. 

A Zwick Roell Z005 universal tensile machine was 

used. Crosslink density was determined by using 

solvent penetration method. Specimens of 

dimensions 30 mm × 20 mm × 0.55 mm were 

immersed in 100 ml toluene (density 0.865 g ml-1, 

boiling point 110 0C) for 24 h at room temperature. 

The molecular weight of the polymer between 

crosslinks was determined from the Flory–Rehner 

equation [8]: 

                (3) 

 where ρr is the density of the rubber, Vs is the 

molar volume of toluene determined at 106.52 
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cm3mol-1, Φr is the volume fraction of rubber and χ 

is the Huggins polymer–solvent interaction 

parameter fixed at 0.3795. The crosslink density 

(Ve) was then determined from [8]: 

 
 

2.5 Design of mold for hot tear test: 

 The top and side views of a mold consists 

suction cups are illustrated in Fig. 1.0. The mold 

consists 18 suction cups at bottom plate with the 

shape and dimensions of a suction cup as depicted 

in Fig. 2.0. A gripping mechanism was designed to 

allow one side of vulcanizate attached at the top 

plate of mold when mold opening at a range of 

constant speed for every cycle of molding. An 

indented rectangular profile was made at the 

bottom plate of mold. 4 blocks were made at the 

top plate of mold to penetrate into this indented 

rectangular profile to produce 3 horizontal 

partitioned spaces which allowed filling of rubber 

compound. The cured rubber could grip the blocks 

to allow this part of vulcanizate retained on the top 

plate of mold when mold opening. A vertical 

groove with 3 mm width and 8 mm depth was made 

at the top plate of mold along the edge of blocks to 

allow rubber compound filling this groove to assist 

strengthening the attachment of vulcanizate at the 

top plate for extra gripping effect. The top and side 

views of a complete vulcanizate are illustrated in 

Fig. 3.0 

 

 

 

Fig. 1: Top and side views of mold for hot tear test. 

 

 

 

Fig. 2: Shape and dimensions of a suction cup. 

 

2.6 Hot tear mechanism: 

 The top and bottom plates of mold were screw 

tighten at the compression press machine. 70 g 

compound were weighted for molding process at 

temperature 165 0C. Distance between mold plates 

was 220 mm. Average mold opening speed was 2.78 

cm/sec. The suction cups which cured at the bottom 

plate of mold were detached from the mold under 

mold opening movement until all 18 suction cups 

were fully stripped off from the bottom plate of mold 

with a constant opening speed for every cycle of 

molding. During mold opening, the part of 

vulcanizate at the indented rectangular profile was 

attached at the top plate of mold as illustrated in 

Fig. 4.0. The stripping process caused excessive 

stress assertion on suction cups. One side of the neck 

(high stress side) of suction cup was subjected for an 

upward stress when the suction cup with bottom 

diameter of 13.3 mm was constrained and forced to 

strip off from a smaller diameter of neck opening of 

9.2 mm under biaxial stretch perpendicular 

movement direction. The displacements and stresses 

asserted on the vulcanizate enclosed inside the 

suction cup generated traction along the mold 

surface boundary to impart high stress that might 

fracture the neck. The opposite side of neck (low 

stress side) was subjected to a lesser stress and 

deformation, which was easier to release from the 
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mold once the high stress side was able to remove 

out from the neck opening. Under this stress-raising 

stripping mechanism of suction cups, it underlies the 

comparison of tear resistance with different 

compounds when subjecting the rubber at high 

temperature of approximately vulcanization takes 

place. The stripping of suction cup in four 

sequencing displacement movements from the initial 

stress assertion at the high stress side, releasing 

from the mold until suction cup completely 

displaced from the mold surface are illustrated in 

Fig. 5.0. 

 

 

 

Fig. 3: Top and side views of a complete vulcanizate. 

 

 

 

Fig. 4: Position of vulcanizate after mold opening. 

 

 

 

Fig. 5: Sequencing displacements (a, b, c, d) of a suction cup when mold opening. 

 

Results: 

Cure characteristics, crosslink density and trouser 

tear strength: 

 Results for the cure characteristics, crosslink 

density and trouser tear strength for HX and LX are 

presented in Table 2.0. LX exhibits longer T2 and 

T90 but lower CRI, Δ torque and crosslink density 

compared to HX. Lower total dosage of cure 

accelerators (DPG, ZMBT and MBTS) for LX at 

1.77 phr against HX at 3.50 phr primarily reduces 
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the crosslink density for LX. Low accelerators level 

of LX diminishes the sulfur-cured activation effect 

in forming zinc-accelerator-sulfur complex in 

sulfuric crosslinking and reduces the effectiveness 

of three-dimensional crosslink formation in rubber 

chains. Nevertheless, higher crosslink density of HX 

does not contribute to improved trouser tear 

strength. LX transcends HX by 10.00 % in terms of 

tear strength. It is inferred that tight crosslinked 

networks of HX restrict the orientation and 

mobility of chain segments and retard the energy 

dissipation renders to the vulcanizate with relatively 

brittle and easy fracture at low elongation. Enhanced 

tear strength is attained at an optimum crosslink 

density but when further increasing, tear strength is 

declined [9-11]. 

 
Table 2: Results of cure characteristics, crosslink density and trouser tear strength. 

 
  

Hot tear test: 

 Total 69 vulcanizates from 3 replications of 

compounds were produced for each HX and LX. 

With 18 suction cups for per piece of sample, 69 

vulcanizates represent total 1242 suction cups for 

each type of sample. Fig. 6.0 demonstrates the 

percentages of fractured suction cups out of total 

suction cups produced for each samples. Percentages 

recorded at 5.72 % and 1.37 % for HX and LX 

represent the quantities of 71 and 17 fractured 

suction cups respectively are noticed. These results 

exhibit a remarkable improvement on hot tear 

resistance for LX with a reduction of 317.52 % in 

terms of the quantity of fractured suction cups. 

 

 

 

Fig. 6: Percentages of fracture suction cups for LX and HX. 

 

 A quantitative statistical approach of 

independent sample t-Test can be applied to confirm 

the significant difference between two means of HX 

and LX. If calculated-t is greater than critical-t, the 

null hypothesis is rejected and the research 

hypothesis is accepted [12]. Research hypothesis 

made is that HX generates significantly higher 

amount of fractured suction cups than LX and null 

hypothesis states no significant difference between 

two samples. Table 3.0 serves as calculations of 

calculated-t. As a conclusion, since the value of 

calculated-t is much higher than critical-t by extra 

4.8608, it implies a significant difference between 

HX and LX in terms of the quantities of fractured 

suction cups. In this case, the null hypothesis is 

rejected and the research hypothesis is accepted. The 

statistical approach indicates a significant 

improvement on hot tear resistance for LX. 

 
Table 3: Calculation of calculated-t. 
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 The quantitative results reflect LX with lower 

crosslink density reduces substantially the tear 

problem by using hot tear test than the test figures 

acquired via conventional trouser tear test. Hot tear 

test shows 317.52 % improvement which is higher 

than the conventional trouser tear test performed at 

ambient temperature with a lower degree of 

improvement by just 10.00 %. In this context, 

conventional test shows lesser sensitivity of tear 

resistance compared to hot tear test. 

 It is evident that the vulcanizate with higher 

crosslink density imparts greater resistance to 

release out from the confined suction cups in-

contacted with mold surfaces. It tears easily at high 

stress region of suction cup under a biaxial stretch of 

perpendicular mold opening movement. The impact 

of stress is inferred higher by using hot tear mold at 

elevated temperature compared to the conventional 

localized tear propagation of trouser tear test that 

strain without contacting with a rigid surface. 

However, vulcanizate with lower crosslink density 

is able to dissipate the stress easier and facilitates 

the releasing movement of vulcanizate from the 

confined suction cups. Moreover, at high 

temperature, natural rubber tends to away from its 

Tg and this leads to a reduction in viscoelastic 

toughening of vulcanizate [5]. It corresponds well 

with the lower toughening effect of LX at high 

temperature to facilitate the release of suction cups 

from the mold. For HX, it seems likely that 

excessive crosslink density and modulus shield the 

effect of reduction in Tg at high temperature and 

this effect is rather ineffective to confer the desired 

advantage. 

 

SEM fractured surface micrographs: 

 SEM micrographs correspond well with the 

results of hot tear test as demonstrated in Fig. 7.0. 

HX manifests some profound step-like tear paths 

represent sudden crack propagation with higher 

crack speed after initiation of tear in an unstable 

manner ascribed to higher crosslink density that 

sustains higher critical tearing energy to fracture. 

Difference from the ductile fractured surface of HX, 

fractured surfaces of LX show plenty of fine intricate 

and branched tear paths. This observation represents 

steadily crack propagation by creating new surfaces 

and branching tear lines contributed from the 

intrinsic improved tear resistance shown by the 

vulcanizate itself. This observation is consistence to 

many researchers [13-15] to reveal more matrix 

tearing or tearing lines required higher energy to 

failure, which imparts better tear performance. SEM 

micrographs give a better insight on the natures of 

fracture of suction cups in this new test method. 

 

 

 

 

Fig. 7: Tear topographies of HX (a) and LX (b) at magnification 1000X, accelerating voltage 15 kV. 

 

Conclusion: 

 Although conventional rubber tear tests are 

widely used in rubber industries to characterize the 

failure properties, hot tear test by using a special 

mold with suction cups provides both quantitative 

and qualitative analyses on rubber tear resistance. 

This new method with a unique mold opening 

mechanism enables investigation of rubber tear 

resistance corresponding to the molding heated 

temperature, which represents better tear 

performance of rubber at high temperature. Hot tear 

test shows a better sensitivity as a function of rubber 

crosslink density compared to the conventional 

trouser tear test. The vulcanizate of lower crosslink 

density exhibits better tear resistance with reduced 

quantity of fractured suction cups attributed to better 

stress dissipation that facilitates the displacements of 

vulcanizate from the confined suction cups. Hot tear 

test can serve as alternative new test method to 

examine the hot tear resistance of rubber 

vulcanizates particularly serves as useful indicator 

for industrial rubber molding products in 

complicated shape. 
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