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Abstract

The major objective of this article was the property development of natural rubber and
wood sawdust composites for natural-rubber roofs. Chemical surface treatment was applied to
the sawdust particles to improve the properties of the composites, the property being evaluated
through flow properties, cure characteristics, mechanical properties, thermal and physical
properties and specific properties of natural-rubber roof (such as ultra-violet resistance,
environmental resistance, moisture and ozone, flame retardant). During the past two years of
working, the research was conducted by varying wood sawdust contents and application of
chemical surface treatment for interfacial interaction between wood sawdust and natural
rubber. UV stabilizer and antioxidant were also used for preventing UV degradation and
oxidation. An ebonite rubber was used for the purpose of improving the hardness properties
upon the request of the Siam United Rubber Co., Ltd (90-100 Shore A). Optimum dosages
of antiozonant and flame retardant were also sought for inclusion in the rubber compounds.

The experimental results can be concluded as follows:

®  Increasing wood sawdust content increased the tensile modulus and hardness but
decreased the tensile strength, tear resistance and elongation at break. The appropriate
or recommended wood sawdust content were 40-80 part per 100 part of natural
rubber with regard to process—ability and good mechanical strength and hardness.

®  Surface treatment of wood sawdust with silane coupling agent could improve the
interfacial interaction between wood sawdust and natural rubber. From the
experimental results, silane coupling agent of 0.5 percent of wood sawdust content
could enhance the mechanical properties, such as tensile modulus, tensile strength,
elongation, tear resistance and the hardness.

® Additions of UV stabilizer and antioxidant improved the UV and oxidation
resistances. From the experimental result, the UV stabilizer and antioxidant of 0.1
part per 100 part of natural rubber was recommended to be an optimum dosage to be
included into the composite roofs regarding cost savings and acceptable mechanical
properties.

®  An ebonite rubber technology was applied to increase the hardness of the roof product
using a sulphur content of 20 phr and wood sawdust contents of 40 or 80 phr. The
ebonite rubber roofs had better thermal resistance and mechanical properties, although
the elongation at break decreased. The hardness of the ebonite rubber roofs was

achieved as requested (this being the value of 90 — 95 Shore A).
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® 3 phr of an antiozonant was required in the natural-rubber/wood sawdust composite
roofs for improving the resistance to ozone and the roof product was accepted by the
international standard testing ISO 1431 Part 1.

® 100 phr of a flame retardant was recommended in the natural-rubber/wood sawdust
composite roofs for reducing the flammable time of the roofs. The roof products was
tested by UL 94 Clause 8-20 mm, Vertical Burning Test and the result was the level

of V-0, which was acceptable by the standard test method.

The compound formulation of natural rubber and wood sawdust composites and

evaluated properties can be listed as below:

Table A. The compound formulation of natural rubber and wood sawdust composites for

natural-rubber roof product

Materials/Chemicals Content
(phr)
Natural Rubber 100 du
Zinc Oxide (ZnO) 33.4
Stearic Acid 13.4
Mercaptobenzothaisoles (MBT) 3.4
Diphenylguanidine (DPG) 1.4
Sulfur Powder 450 Mash (Flour Sulfur) 20
Silica (TOKUSIL 233) 45
Wood Sawdust 40 and 80
Colorant (Iron Oxide Red 690 B) 4
Silane Coupling Agent (AD 2050) 0.5 %Wt.Wood Sawdust
UV Stabilizer (TINUVIN 234) 0.1
Antioxidant (IRGANOX 1076) 0.1
Antiozonant (Enhance) 3
Flame Retardant (APYRAL 40 CD) 100
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Table B Properties of natural rubber roof form natural rubber and wood sawdust composite

material.

11

Properties of natural rubber roofs

Rubber Formula

(Sulphur : Wood Sawdust)

20 : 40 20 : 80

Cure Time (min) 15 15
Tensile Modulus at 10 % Elongation (MPa) 4.0 4.7
Tensile Strength (MPa) 6.0 6.3
Elongation at Break (%) 28 22
Tear Strength (KN/m) 19.3 20.4
Hardness

®  Shore A 91 95

®  Shore D 42 49
Resilience (%) 31 37
Compression Set (%) 95 95
Crosslink Density (x10™° mol/cm”) 0.54 0.61
Flammability (Level) V-0 -

Keywords : Natural Rubber roofs/Wood sawdust/Coupling agent/Composites.

@ a @ o aw 4 < wa
77ﬂd7uﬂﬂﬂﬂﬂy5m7ﬂ5\7ﬂ75 “ﬂ'liﬁ\lﬁﬁltlEi:f‘ﬂﬂﬂﬂUWﬁ\?ﬁ'IEI'NW’l?’HHﬂ?ﬂ@i«lﬂﬂiﬂqﬁiiﬂzﬂﬁﬂ‘LIZILE?E’ZI” ﬂJi\?Ffl]Wﬁ FNUATNANW UdsAtde





