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Abstract: The effect of carbon black (N220 and N330) and silica (Hi Sil-233) with various amount of 10, 20,

30 and 40 phr on physical properties of vulcanized rubber and adhesion properties with cotton and nylon fabric

were investigated. The chemicals and rubber were mixed by a two-roll-mill and vulcanized with conventional

sulphur system. Samples were prepared by compression molding. Properties were tested: tensile strength, tear

strength, ageing resistance, ozone resistance, flex cracking resistance, crack growth resistance, abrasion

resistance and adhesion strength between rubber to fabric (Peel test). It was found that tensile strength of

rubber with N220 was greater than N330 and Hi Sil-233, respectively. The tensile strength after ageing and

tear strength of rubber with Hi Sil-233 was higher than N220 and N330, respectively. The abrasion resistance

of rubber with 10 and 20 phr Hi Sil-233 was higher than N220 and N330 at the same amount respectively.

However, at higher amounts of filler (30 and 40 phr), N220 gave higher abrasion resistance than N330 and Hi

sil-233, respectively. Adhesion strength between rubber with Hi Sil-233 and cotton fabric was higher than

those with N330 and N220, respectively. However, the adhesion strength decreased with an increase in amount

of filler. An increase in amount of silane coupling agent 0.9-3.6 phr, when using Hi Sil-233 at 30 phr, was

found to increase tensile strength and tear strength, but decreased the adhesion strength to cotton fabric.

Adhesion strength between the rubber and nylon fabric was also measured and found to be higher than those

with cotton fabric. However coating rubber adhesive on cotton fabric resulted in similar adhesion strength to

the nylon fabric.

Introduction: Thailand is the world's largest producer of natural rubber. Production in 1993 was 1,484,000

tons earning 29,183 million baht. A majority of rubber products are exported in their raw form such as
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Technically Specified Rubbers: STR, RSS, Skim Block, ADS, Crape, and Concentrate Latex. Exports account

for 90 percent of natural rubber production. The remaining 10 percent is utilized by local manufactures. While,

Thailand must import rubber products from abroad in amounts of 15,683 million baht; Thailand can process

products from natural rubber to use in the country and export so as to increase income. Furthermore, national

production promotes people with more jobs. The aim of this investigation is to study the effect of fillers and

amount of silane coupling agent on physical and adhesion properties to fabrics in rubber coated fabric

industry.

Methodology: Mixing the rubber compounds was carried out by two-roll-mill. Vulcanization time of each

compound was determined by using a Moving Die Rheometer. The compounds were subsequently cured in a

compression mould at 150
 o

C in a hydraulic press to from test pieces for measuring the technical properties of

the rubber. The tested properties were tensile strength (ASTM D412-98), tear strength (ASTM D624), ageing

resistance (ASTM D573-99), ozone resistance (ASTM D1149-99), flex cracking resistance (ASTM D430-73),

crack growth resistance (ASTM D813-59), abrasion resistance (BS 903) and adhesion strength between rubber

to fabric (ASTM D1876-72).

   Table 1. Formulation studying the effect of silica.   Table 2. Formulation studying the effect of carbon black

Compound phr

RSS # 3 100

Sulphur 2.5

Stearic acid 2

Zinc Oxide 5

Hi Sil-233 10, 20, 30, 40

CBS 1

6PPD 1

Silane 3% of silica

PEG 4000 6% of silica

Paraffin Wax 1

For table 1, silane coupling agent was used with varying amounts of silane 0.9, 1.8, 2.7 and 3.6 phr, selected

filler of Hi Sil-233 amount 30 phr. In addition, an antioxidant was used with varying types of antioxidant

6PPD, TMQ, Wingstay-L, and Vulcanox BKF, selected filler of Hi Sil-233 amount 30 phr and silane coupling

agent 0.9 phr.

Results, discussion and conclusions:

0

5

10

15

2 0

25

3 0

35

0 10 20 30 40 50

Filllers  load ing  (phr)

Non-Filler

N22 0

N33 0  

Hi Sil-233

Non-Filler (Ag ing)

N22 0  (Aging)

N33 0  (Aging)

Hi Sil 233  (Ag ing)

0

5

10

15

20

25

30

35

40

0 10 20 30 40 50

 Fillers loading (phr)

A
d

h
e
s
io

n
 S

tr
e
n

g
th

 (
lb

f
/i

n
)

Non-Filler N220

N330 Hi Sil-233

Fig 1. Tensile strength of rubber with N220, N330 and Hi Sil-233.    Fig 2. Adhesion strength of rubber with N220, N330 and Hi Sil-  233.

Compound phr

RSS# 3 100

Sulphur 2.5

Stearic acid 2

Zinc Oxide 5

CBS 1

N220, N330 10, 20, 30, 40

6PPD 1

Paraffin Wax 1

Spindle Oil 6% of N220
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Fig 3. Abrasion resistance of rubber with N220, N330 and Hi Sil-233.   Fig 4. Tear strength of rubber with N220, N330 and Hi Sil-233.
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Fig 7. Flex-Cracking of rubber when varying type of antioxidants.          Fig 8. Adhesion strength between rubber to nylon and cotton
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With various studied formulations and properties (Fig.1-8), it was found that using 30 to 40 phr of

silica, 2.7 to 3.6 phr of silane coupling agent and wingstay-L as an antioxidant produced products with good

tensile strength. 30 to 40 phr of carbon black N220 or N330 and 6PPD as an antioxidant resulted in good

tensile strength, abrasion resistance flex-cracking resistance rubber products. Silica and 6PPD or vulcanox

BKF antioxidant can be used for good aging and ozone resistance. Good adhesion strength between the rubber

and nylon fabric were found when using silica as a filler. Adhesion strength between the rubber and nylon

fabric was also measured and found to be higher than cotton fabric. However coating natural rubber adhesive

on cotton fabric resulted in similar adhesion strength to the nylon fabric. Finally, coated rubber adhesion on

cotton fabric can be applied to increase adhesion strength between the rubber and the fabric.
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