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Abstract

This research aims to investigate effects of three radiation protection agents: boric acid, boron oxide, and
lead powders, with the contents of 0, 10, 20, 30, 40, and 50 phr (parts per hundred of rubber) in natural
rubber composites and wood sawdust/natural rubber composites. The interested properties that are
investigated include radiation properties, scorch time, cure time, delta torque and mechanical properties. In
the case of radiation properties, adding boron oxide to the composites improve neutron shielding properties
with better efficiency than adding boric acid at the same contents. Results indicate that adding boric acid to
the composites increases the scorch time and cure time, but decreases the delta torque, while boron oxide
does not significantly affect the scorch time, but decreases the cure time and delta torque, and lead powder
does not significantly affect the scorch time and cure time. In the case of mechanical properties, boric acid
decreases hardness, tensile modulus at 100% elongation, tensile strength, elongation at break, and tear
strength, while boron oxide decreases tensile modulus at 100% elongation, tensile strength, elongation at
break, and tear strength but increases hardness. Results indicate that adding boric acid and boron oxide to
the wood sawdust/natural rubber composite have higher hardness and tensile modulus at 100% elongation
than adding boric acid and boron oxide to the natural rubber composite. Lead powders decrease tensile
strength and elongation at break but do not affect hardness and tensile modulus at 100% elongation. In
addition, this research investigates effects of contents of boron oxide by varying contents from 60 to 80 phr
(parts per hundred of rubber) in 10-phr increments in natural rubber composite and wood sawdust/natural
rubber composite. The results show that adding boron oxide to the composites increases neutron shielding
properties with the content of 80 phr give the highest shielding performance. The results also indicate that
adding boron oxide with the contents of 60-80 phr to the composites increases the scorch time and cure
time, but decreases the delta torque. In the case of mechanical properties, adding boron oxide decreases
overall mechanical properties, but increases hardness. To investigate effects of thickness of samples in
radiation shielding properties, 80-phr boron oxide in composites with thicknesses of 2.5, 5, 7.5, 10, 12.5,
15, 17.5, and 20 mm, and 50-phr lead powders in composites with thicknesses of 5, 10, 15, and 20 mm are
tested. The results show that the increase in thickness of composites with 80-phr boron oxide decreases

neutrons transmission ratios, which replied the improvement in neutron shielding properties. This also the



same case as the results for composites with 50-phr lead powders. Furthermore, products from this research
have lower cost of manufacture than commercial-graded products. The composites also have been used in

real applications for 5 months and only show a slight decrease in neutron shielding properties.
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