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ABSTRACT

This research aims to investigate effects of 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 composite and wood-natural rubber composite. Properties that are investigated include
scorch time, cure time, mechanical properties, and radiation shielding properties. Results indicate that
adding boric acid to the composites increases the scorch time and cure time, while boron oxide
decreases the scorch time and cure time. Moreover, all mechanical properties but hardness decrease as
the contents of the radiation agents increases. On the other hand, lead powder does not significantly
affect the scorch time, cure time, and mechanical properties. In the case of radiation shielding
properties, the ability to shield neutrons increases as the content of boric acid and boron oxide
increases. Specifically, at the 50 phr boron oxide content, the neutron shielding properties pass the
properties targets measured from commercial products. In addition to boric acid and boron oxide, lead

powder can shield gamma ray, however, in small percentages.
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Table 1 Formula of natural rubber compounds

Silane Coupling (KBM 603A)

UV Stabilizer (TINUVIN 234)
Anti-oxidant (IRGANOX 1076)

Anti-Ozonant (Enhance)

0.5% / Weight
Wood sawdust
0.1
0.5
3

Coupling agent

UV absorber
Anti-oxidant

Anti-Ozonant

Ingredients Content (phr*) Function Commercial source
Natural Rubber: STR 20 100 (Part) Matrix Pl Industry Co., Ltd.
Zinc oxide, ZnO 5 Activator Thai-Lysaght Co., Ltd.
Stearic acid 3 (2 Activator Imperial Industrial Chemicals Co., Ltd.
Mercaptobenzthaisoles, MBT 2 (0.5) Accelerator CMC advance Co., Ltd.
Diphenylguanidine, DPG 3 (2 Accelerator Siam Chemicals Co., Ltd.
Sulphur powder 4 (3) Cross-linker Zeon advanced Polymix Co., Ltd.
Carbon Black master batch (HAF N330) 40 Reinforcing Pl Industry Co., Ltd.
Wood sawdust 20 Filler V.P. Wood Co., Ltd.

KISCO (T) Ltd.

Behn Meyer Chemical (T) Co., Ltd.
Global Connections PLC.
Behn Meyer Chemical (T) Co., Ltd.

Radiation protection agent
- Boric acid
- Boron oxide

- Lead powder

Varying from

0-50

Radiation

protection agent

Siam Beta Group Co., Ltd.
Sigma-Aldrich Co., Ltd.

Pun Engineering Co., Ltd.

*ohr : part per hundred of rubber by weight , numbers in (') represents improved formula used in wood-natural rubber

composites.
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Table 2 Cure, mechanical and radiation shielding properties of natural rubber composites

Cure properties Mechanical properties Radiation properties
Sample code
Scorch time Cure time | Moduslus; M100 | Tensile Strength | Elongation at break | Hardness Linear attenuation coefficient,u
content (phr)
(sec) (sec) (MPa) (MPa) (%) (Shore A) m"
NR-CB 34+£2.12 184 +0.71 3.75+0.02 14.47 £ 0.99 316+ 19 74 +1 8.04 £ 6.57
Boric acid : BA

NR-CB-10BA 40+£56.2 196 + 7.94 2.76 £ 0.05 16.2 £1 501 +18 69 +1 45,99 + 8.66
NR-CB-20BA | 47 £4.51 228 +2.65 1.88 £ 0.02 10.02 £ 0.37 526+ 13 65+ 1 73.76 £ 9.92
NR-CB-30BA | 49 +2.31 272 +2.65 1.68 £ 0.04 7.51+£0.17 491 + 14 61+2 90.1 £6.22
NR-CB-40BA | 74 +8.74 433 +9.54 1.39 £ 0.04 4.85+0.09 454 + 11 57+2 103.87 + 6.54
NR-CB-50BA | 81 +2.89 609 +7.94 1.29 +0.03 4.28 +0.07 445+ 8 511 114.62 + 4.97

Boron oxide : BO

NR-CB-10BO | 41 +3.21 109 £1.53 1.09 £ 0.01 12.61 £0.57 784 £25 531 64+£56.3

NR-CB-20BO | 35+1.73 99 £1.73 1.3+0.03 9.38 £+0.45 638 £ 22 57 +1 93.29 £ 3.99
NR-CB-30BO | 37 +2.65 101 £2.65 1.41 £ 0.06 8.1+0.22 586 £ 21 62 +1 128.62 £ 3.91
NR-CB-40BO | 35+ 1.53 97 +0 1.68 £ 0.06 7.04 £0.29 507+ 21 66 + 1 134.13 £ 2.96
NR-CB-50BO | 33+1.73 98 £2.65 2.03 £0.05 6.43+0.23 432+ 15 68 + 1 1563.95 + 6.54

Lead powder : Pb

NR-CB-10Pb 35+£153 200 £1.73 3.69 + 0.06 11.02 £1.22 262 + 26 70£2 1.36 £3.85
NR-CB-20Pb 34 £2.89 205 £2.31 3.66 + 0.04 9.21+2.45 228 £ 52 69 £ 1 10.34 £ 3.18
NR-CB-30Pb 35+£231 206 +2.89 3.66 + 0.07 7.8+0.99 197 £ 22 71 £1 11.92 + 3.63
NR-CB-40Pb 34£1 204 £1.53 3.563+0.04 7.89 +1.46 213 +£34 70£2 12.71 £ 4.06
NR-CB-50Pb 34 £1.15 208 £ 3.61 3.569+ 0.1 6.48 +1.37 178 £33 71 £1 20.65 £ 3.88
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Table 3 Cure, mechanical and radiation shielding properties of wood-natural rubber composites with

improved formula.

Cure properties Mechanical properties Radiation properties

Sample code

content (phr) Scorch time Cure time | Moduslus; M100 | Tensile Strength | Elongation at break | Hardness Linear attenuation coefficient,j

-1

(sec) (sec) (MPa) (MPa) (%) (Shore A) (m)
NR-CB-WS 42+£7.78 222 £12.02 3.73£0.07 15.45£0.31 460 + 10 731 20.04 +4.14
Boric acid : BA
NR-CB-WS-10BA 56 +5.57 376 £ 11.53 2.12£0.03 5.04 £0.17 337+ 11 65+1 51.33+3.03
NR-CB-WS-20BA | 101 £10.97 1080 + 11 1.31£0.06 25+0.02 310£12 60 £1 63.32 +11.19
NR-CB-WS-30BA | 155+10.26 | 1533 +11.13 1.3+£0.05 1.94+0.05 234 +19 58 +1 87.42 +3.53
NR-CB-WS-40BA | 1.59 +10.97 1566 + 9.87 1.23£0.01 1.62 £ 0.05 194 +7 57 +1 89.66 + 8.14
NR-CB-WS-50BA | 2.1£23.33 | 1609 £41.01 1.32+0.05 1.44 £0.12 135+ 14 55 +1 97.67 £3.15

Boron oxide : BO

NR-CB-WS-10BO 41£3.79 206 +7.37 3.05+£0.05 9.21£0.49 379 £ 14 70 £1 56.79 £ 6.6

NR-CB-WS-20BO | 49 £ 10.61 202£9.19 2.72 £0.09 6.72+0.5 336 £ 21 72 £1 99.89 £4.75
NR-CB-WS-30BO 43 +2.52 173 +£2.31 2.53+0.08 5.11£0.05 303+ 11 701 108.84 +4.08
NR-CB-WS-40BO 41+2.89 125 +1.53 2.12£0.02 4.34 +0.07 331+5 73£1 146.76 + 7.89
NR-CB-WS-50B0 49 +£2.52 1021 £ 67.12 2.33£0.07 3.19£0.07 238 £12 76+1 169.68 + 6.08

Lead powder : Pb

NR-CB-WS-10Pb 40 +4.95 250 £12.73 4.03+£0.05 14.04 +£1.07 391+24 75+1 0.89+3.97
NR-CB-WS-20Pb 38+1.15 220 £1.73 3.7+0.08 13.39 £ 0.56 M1+ 75+1 8.6+1.93

NR-CB-WS-30Pb 38+2.83 219 £1.41 3.62+0.12 12.1+£0.59 387 +29 73+1 7.67£0.84
NR-CB-WS-40Pb 37 £0.71 220£0 3.45+0.15 11.07£0.6 372+8 75+1 10.27 £3.49
NR-CB-WS-50Pb 37 +£2.65 222+1.73 3.52 £0.02 10.94 £ 0.25 368+8 751 9.91£1.87
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BES 15kV

(c)

Figure 1 SEM images of the natural rubber composites (a) without radiation protection agent
(b) natural rubber composites with boron oxide 50 phr and (c) wood-natural rubber

composites with boron oxide 50 phr
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