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This article studied the properties of SBR compound with untreated and silane-treated fly ash

particles using different silane concentrations of 2%, 4% and 6% by weight. The work also

investigated the effect of silica content (0-75 phr) in the fly ash particles on the properties of the SBR

compound. The rubber compound with the silane-treated fly ash had less cure time than that with the

untreated fly ash. The use of silane coupling agent for surface treatment increased the mechanical

properties, especially for 4%wt silane coupling agent. It was found that using the silane coupling

agent increased the tensile modulus of about 160%, tensile strength of 125%, tear strength of 85%,

surface hardness of 25%. From morphological studies, the silane coupling agent in fly ash particles

could improve the physical interfacial interactions between rubber and fly ash phases, thus enhancing

the overall mechanical properties.
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√Ÿª∑’Ë 1  ≈—°…≥–√Ÿª√à“ß¢Õß‡∂â“≈Õ¬®“°‚√ß‰øøÑ“·¡à‡¡“–

°“√µ√«® Õ∫ à«πª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“≈Õ¬¥â«¬‡∑§π‘§ X-ray fluorescence Spectrometer

æ∫«à“ ¡’ à«πª√–°Õ∫¢Õß´‘≈‘§Õπ‰¥ÕÕ°‰´¥åÀ√◊Õ´‘≈‘°“ ·≈–°≈ÿà¡‚≈À–ÕÕ°‰´¥å ‡ªìπ à«πª√–°Õ∫Õ¬Ÿà„π‡∂â“≈Õ¬

· ¥ß¥—ßµ“√“ß∑’Ë 2

5. º≈°“√«‘®—¬·≈–«‘‡§√“–Àåº≈

5.1 °“√µ√«® Õ∫§ÿ≥≈—°…≥–·≈–¢π“¥¢ÕßÕπÿ¿“§‡∂â“≈Õ¬

®“°√Ÿª∑’Ë 1 µ√«® Õ∫§ÿ≥≈—°…≥–√Ÿª√à“ß¢Õß‡∂â“≈Õ¬ æ∫«à“ ‡∂â“≈Õ¬®“°‚√ß‰øøÑ“·¡à‡¡“–¡’≈—°…≥–

√Ÿª√à“ß§àÕπ¢â“ß°≈¡ ¡’¢π“¥Õπÿ¿“§πâÕ¬°«à“ 250 ‰¡§√Õπ

 à«πª√–°Õ∫ ª√‘¡“≥ (‡ªÕ√å‡´Áπµå)

´‘≈‘§Õπ‰¥ÕÕ°‰´¥å (Silicon dioxide) 46.2
Õ–≈Ÿ¡‘‡π’¬¡ÕÕ°‰´¥å (Aluminium oxide) 26.4
‡À≈Á°ÕÕ°‰´¥å (Iron oxide) 10.7
·§≈‡´’¬¡ÕÕ°‰´¥å (Calcium oxide) 7.6
·¡°π’‡´’¬¡ÕÕ°‰´¥å (Magnesium oxide) 2.2
‚´‡¥’¬¡ÕÕ°‰´¥å (Sodium oxide) 1.1
‚æ·∑ ‡´’¬¡ÕÕ°‰´¥å (Potassium oxide) 3.1

´—≈‡øÕ√å‰µ√ÕÕ°‰´¥å (Sulfur trioxide) 1.8

µ“√“ß∑’Ë 2  à«πª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“≈Õ¬®“°‚√ß‰øøÑ“·¡à‡¡“–
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®“°√Ÿª∑’Ë 9 ·≈– 10 · ¥ßº≈¢Õßª√‘¡“≥ “√§Ÿà§«∫µàÕ§«“¡µâ“π·√ß¥÷ß¢Õß “√ª√–°Õ∫¬“ß

‡Õ ∫’Õ“√å∑’Ë¡’°“√‡µ‘¡ ‘́≈‘°“®“°‡∂â“≈Õ¬„πª√‘¡“≥µà“ßÊ æ∫«à“  “√ª√–°Õ∫¬“ß‡Õ ∫’Õ“√å°—∫‡∂â“≈Õ¬∑’Ëª√—∫ª√ÿßº‘« „Àâ

§à“¡Õ¥ÿ≈— °“√¬◊¥µ—«∑’Ë 100 ‡ªÕ√å‡´Áπµå ¡’§à“‡æ‘Ë¡¢÷Èπ¡“°°«à“ “√ª√–°Õ∫¬“ß°—∫‡∂â“≈Õ¬∑’Ë‰¡àª√—∫ª√ÿßº‘« [12] ∑—Èßπ’È

‡π◊ËÕß®“°º≈¢Õßª√‘¡“≥§«“¡Àπ“·πàπ¢Õßæ—π∏–¢â“¡∑’Ë¡“°°«à“µ“¡∑’Ë°≈à“«¡“·≈â« ·≈–¬—ßæ∫«à“ “√§Ÿà§«∫‰´‡≈π∑’Ë

ª√‘¡“≥§«“¡‡¢â¡¢âπ 4 ‡ªÕ√å‡´Áπµå‚¥¬πÈ”Àπ—° „Àâ§à“¡Õ¥ÿ≈— °“√¬◊¥µ—«∑’Ë 100 ‡ªÕ√å‡´Áπµå¡’§à“ Ÿß ÿ¥ ´÷Ëß„Àâº≈

 Õ¥§≈âÕß°—∫§à“·√ß∫‘¥ Ÿß ÿ¥ ·≈–ª√‘¡“≥§«“¡Àπ“·πàπ¢Õßæ—π∏–¢â“¡∑’Ë‡æ‘Ë¡¢÷Èπ¥â«¬ πÕ°®“°π’È æ∫«à“

 “√ª√–°Õ∫¬“ß‡Õ ∫’Õ“√å°—∫‡∂â“≈Õ¬∑’Ëª√—∫ª√ÿßº‘« §«“¡µâ“π·√ß¥÷ß¡’§à“‡æ‘Ë¡¢÷Èπ¥â«¬‡™àπ°—π ´÷Ëß‡ªìπº≈¡“®“°™àÕß

«à“ß√–À«à“ß‡ø ¢Õß¬“ß°—∫‡∂â“≈Õ¬∑’Ë≈¥≈ß ®÷ß∑”„Àâ¡’°“√¬÷¥‡°“–√–À«à“ß‡ø ¢Õß¬“ß°—∫‡∂â“≈Õ¬∑’Ëª√—∫ª√ÿßº‘«¥’°«à“

‡∂â“≈Õ¬∑’Ë‰¡àª√—∫ª√ÿßº‘« ÷́Ëß· ¥ß‰¥â®“°¿“æ∂à“¬‚§√ß √â“ß®ÿ≈¿“§¢Õß “√ª√–°Õ∫¬“ß‡Õ ∫’Õ“√å°—∫‡∂â“≈Õ¬∑’Ë‰¡à

ª√—∫ª√ÿßº‘« ·≈–ª√—∫ª√ÿßº‘« ¥—ß√Ÿª∑’Ë 11 (°) ·≈– 11 (¢) µ“¡≈”¥—∫

 à«π‡∂â“≈Õ¬∑’Ë‰¡àª√—∫ª√ÿßº‘« ‡¡◊ËÕ‡µ‘¡„π “√ª√–°Õ∫¬“ß‡Õ ∫’Õ“√å §“¥«à“§à“¡Õ¥ÿ≈— ®–‡æ‘Ë¡ Ÿß¢÷Èπ

‡π◊ËÕß®“°‡∂â“≈Õ¬¡’§à“¡Õ¥ÿ≈— ∑’Ë Ÿß°«à“¬“ß ·µàº≈°“√∑¥≈Õß°≈—∫æ∫«à“ §à“¡Õ¥ÿ≈—  ·≈–§«“¡µâ“π·√ß¥÷ß ¡’·π«

‚πâ¡≈¥≈ß‡≈Á°πâÕ¬ Õ“®‡π◊ËÕß®“°‡∂â“≈Õ¬∑’Ë‰¡àª√—∫ª√ÿßº‘« ‡¡◊ËÕ‡µ‘¡„π “√ª√–°Õ∫¬“ß‰¡à‡°‘¥°“√¬÷¥‡°“–°—∫‡ø ¢Õß

¬“ß‡Õ ∫’Õ“√å ´÷Ëß “√ª√–°Õ∫¬“ß°—∫‡∂â“≈Õ¬∑’Ë‰¡àª√—∫ª√ÿßº‘« ®–‡°‘¥æ—π∏–√–À«à“ß°”¡–∂—π°—∫‚¡‡≈°ÿ≈¬“ß ®÷ß‰¡à

‡°‘¥æ—π∏–√–À«à“ß‡∂â“≈Õ¬°—∫‚¡‡≈°ÿ≈¬“ß ´÷Ëß‡∂â“≈Õ¬∑”Àπâ“∑’Ë‡ªìπ‡À¡◊Õπ “√‡æ‘Ë¡‡π◊ÈÕ (extender) „π¬“ß ‰¡à„™à

‡ªìπ “√‡ √‘¡·√ß„π “√ª√–°Õ∫¬“ß ®÷ß‰¡à∑”„Àâ ¡∫—µ‘‡™‘ß°≈‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕª√‘¡“≥‡∂â“≈Õ¬‡æ‘Ë¡¡“°¢÷Èπ  àßº≈∑”„Àâ¡’

√Ÿª∑’Ë 10 º≈¢Õßª√‘¡“≥ “√§Ÿà§«∫µàÕ§«“¡µâ“π·√ß¥÷ß¢Õß “√ª√–°Õ∫
¬“ß‡Õ ∫’Õ“√å∑’Ë¡’°“√‡µ‘¡´‘≈‘°“®“°‡∂â“≈Õ¬„πª√‘¡“≥µà“ßÊ
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™àÕß«à“ß√–À«à“ß‡ø ¢Õß¬“ß°—∫Õπÿ¿“§¢Õß‡∂â“≈Õ¬¡“°¢÷Èπ¥â«¬ ∑”„Àâ°“√¬÷¥‡°“–√–À«à“ß‡ø ¢Õß¬“ß°—∫Õπÿ¿“§

¢Õß‡∂â“≈Õ¬‰¡à¥’ ·≈–º≈°“√∑¥≈Õß¡’§«“¡ Õ¥§≈âÕß°—∫ª√‘¡“≥§«“¡Àπ“·πàπ¢Õßæ—π∏–¢â“¡∑’Ë‰¡à‡ª≈’Ë¬π·ª≈ß¥â«¬

(¢)  “√ª√–°Õ∫¬“ß‡Õ ∫’Õ“√å°—∫‡∂â“≈Õ¬ª√—∫ª√ÿßº‘«¥â«¬ “√§Ÿà§«∫‰´‡≈π 4 ‡ªÕ√å‡´Áπµå

(°)  “√ª√–°Õ∫¬“ß‡Õ ∫’Õ“√å°—∫‡∂â“≈Õ¬‰¡àª√—∫ª√ÿßº‘«

√Ÿª∑’Ë 11 · ¥ß‚§√ß √â“ß®ÿ≈¿“§¢Õß “√ª√–°Õ∫¬“ß‡Õ ∫’Õ“√å°—∫‡∂â“≈Õ¬∑’Ë
‰¡àª√—∫ª√ÿßº‘«·≈–ª√—∫ª√ÿßº‘«∑’Ë¡’ª√‘¡“≥´‘≈‘°“®“°‡∂â“≈Õ¬ 30 phr
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