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Àπâ“∑’Ë‡ªìπ “√μ—«‡μ‘¡°÷Ëß‡ √‘¡·√ß„Àâ°—∫¬“ß∏√√¡™“μ‘ ¬“ß∏√√¡™“μ‘∑’Ë‡μ‘¡π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ®–¡’
 ¡∫—μ‘‡™‘ß°≈Õ—π‰¥â·°à ¡Õ¥Ÿ≈— ·≈–§«“¡∑πμàÕ·√ß¥÷ß∑’Ë¥’¢÷Èπ·≈–¥’°«à“¬“ß∏√√¡™“μ‘

§” ”§—≠: ¬“ß∏√√¡™“μ‘, π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ, π“‚π§Õ¡æÕ ‘μ,  ¡∫—μ‘‡™‘ß°≈, ¬“ß«—≈§“‰π ǻ
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ABSTRACT

The objective of this research is to study the effects of nano-sized additive, nano
calcium carbonate, on the natural rubber properties; viscosity, cure characteristics, and the vulcanisate
mechanical properties. Nano calcium carbonate was compounded with natural rubber in various
content, 10-50 phr by the two-roll mill. The rubber compounds were vulcanized at 150°C by the
compression molding machine. The results showed the occurrence of nano calcium carbonate
aggregates and aggromerates structure. Nano calcium carbonate shows the primary size smaller
than calcium carbonate. The smaller size aggregates of nano calcium carbonates were obtained
due to the shear stress during the rubber compounding process. It was found that the Mooney
viscosity of rubber compound had slightly increased with increasing amounts of nano calcium
carbonate. There was no detrimental effect of nano calcium carbonate to the cure characteristics
of rubber compound. Nano calcium carbonate worked as semi-reinforcing filler, the tensile
properties of rubber vulcanizate were improved with nano calcium carbonate incorporation.

Keywords: natural rubber, nano calcium carbonate, nanocomposite, mechanical properties,
vulcanizate

1Department of Materials and Metallurgical Engineering, Faculty of Engineering, Rajamangala University of
Technology Thanyaburi
2Department of Chemistry, Faculty of Science and Technology, Rajamangala University of Technology Thanyaburi
*Corresponding author, email: chuntip.s@en.rmutt.ac.th



«“√ “√«‘∑¬“»“ μ√å ¡»« ªï∑’Ë 32 ©∫—∫∑’Ë 2 (2559) 63

∫∑π”
π“‚π§Õ¡‚æ ‘μ (nanocomposite) ‡ªìπ«— ¥ÿ§Õ¡‚æ ‘μ™π‘¥„À¡à∑’Ë¡’°“√„™â “√μ—«‡μ‘¡∑’Ë¡’

¢π“¥Õπÿ¿“§„π√–¥—∫π“‚π (nanometer range)  “√μ—«‡μ‘¡π“‚π (nanofiller) π—Èπ®–μâÕß¡’¢π“¥„π¡‘μ‘
(dimension) ¡‘μ‘Àπ÷Ëß‰¡à‡°‘π 100 π“‚π‡¡μ√ (nm) [1] „π°“√·∫àß™π‘¥¢Õßπ“‚π§Õ¡‚æ ‘μ®–·∫àßμ“¡
™π‘¥¢Õß “√μ—«‡μ‘¡ ÕÕ°‡ªìπ 3 ™π‘¥ ¢÷ÈπÕ¬Ÿà°—∫¡‘μ‘∑’Ë¡’¢π“¥π√–¥—∫π“‚π¢Õß “√μ—«‡μ‘¡ ‚¥¬·∫àßÕÕ°‡ªìπ
Three-dimensional filler  “√μ—«‡μ‘¡™π‘¥π’È®–¡’¢π“¥¢ÕßÕπÿ¿“§„π√–¥—∫π“‚π∑—Èß 3 ¡‘μ‘ μ—«Õ¬à“ß‡™àπ
π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ (nano calcium carbonate) π“‚π ‘́≈‘°“ (silica nanoparticle) ™π‘¥∑’Ë Õß‰¥â·°à
Fiber filler ‡ªìπ “√μ—«‡μ‘¡∑’Ë¡’¡‘μ‘„π 2 ¡‘μ‘¡’¢π“¥Õ¬Ÿà„π√–¥—∫π“‚π ·≈–¡‘μ‘∑’Ë 3 ®–¡’¢π“¥„À≠à°«à“√–¥—∫
π“‚π ´÷Ëß “√μ—«‡μ‘¡„π°≈ÿà¡π’È®–¡’√Ÿª√à“ßÕπÿ¿“§„π√Ÿª§≈â“¬‡ âπ„¬ (fiber filler) μ—«Õ¬à“ß‡™àπ §“√å∫Õπ
π“‚π∑‘«∫å (carbon nanotube) ™π‘¥ ÿ¥∑â“¬‰¥â·°à Plate-like filler ‡ªìπ “√μ—«‡μ‘¡∑’Ë¡’‡æ’¬ß 1 ¡‘μ‘∑’Ë¡’
¢π“¥„π√–¥—∫π“‚π  “√μ—«‡μ‘¡°≈ÿà¡π’È®–¡’√Ÿª√à“ß‡ªìπ·ºàπ (plate, flake) ‚¥¬®–¡’§«“¡Àπ“Õ¬Ÿà„π√–¥—∫π“‚π
μ—«Õ¬à“ß‡™àπ  “√μ—«‡μ‘¡„π°≈ÿà¡¢Õß¥‘π‡Àπ’¬« (clay) [1, 2] ®“°°“√»÷°…“¢Õßπ—°«‘∑¬“»“ μ√åÀ≈“¬Ê ∑à“π
æ∫«à“°“√„™â “√μ—«‡μ‘¡π“‚π‡μ‘¡≈ß„π«— ¥ÿª√–‡¿∑‡∑Õ√å‚¡æ≈“ μ‘° (thermoplastic) ·≈– Õ‘≈“ ‚μ‡¡Õ√å
(elastomer) ‡æ◊ËÕ∑”‡ªìπ«— ¥ÿπ“‚π§Õ¡‚æ ‘μπ—Èπ®–™à«¬ª√—∫ª√ÿß ¡∫—μ‘μà“ßÊ „Àâ¥’¢÷Èπ ‡™àπ «— ¥ÿ®–¡’§«“¡„ 
‡æ√“–Õπÿ¿“§¢π“¥π“‚π‡¡μ√®–‡≈Á°°«à“§«“¡¬“«§≈◊Ëπ· ß¡“° ®÷ß‰¡à∑”„Àâ· ß·μ°°√–‡®‘ß ‰¡à‡°‘¥§«“¡¢ÿàπ
·μà®–‚ª√àß· ß «— ¥ÿ®–¡’§«“¡∑π·√ß¥÷ß (tensile strength) ·≈–¡’‚¡¥Ÿ≈—  (modulus)  Ÿß¢÷Èπ «— ¥ÿ®–¡’
§«“¡∑πμàÕ§«“¡√âÕπ‰¥â¥’¢÷Èπ ·≈–¡’°“√∑πμàÕ°“√μ‘¥‰ø‰¥â¥’¢÷Èπ [3]

„πß“π«‘®—¬π’È‰¥â∑”°“√‡≈◊Õ° “√μ—«‡μ‘¡∑’Ë¡’¢π“¥Õπÿ¿“§„π√–¥—∫π“‚π ‰¥â·°à π“‚π·§≈‡ ’́¬¡
§“√å∫Õ‡πμ ¡“∑”°“√‡μ‘¡≈ß„π¬“ß∏√√¡™“μ‘‡æ◊ËÕ»÷°…“º≈¢Õß “√μ—«‡μ‘¡¥—ß°≈à“«∑’Ë¡’μàÕ ¡∫—μ‘μà“ßÊ ¢Õß¬“ß
∏√√¡™“μ‘ ·§≈‡´’¬¡§“√å∫Õ‡πμ ‚¥¬ª°μ‘®–∑”Àπâ“∑’Ë‡ªìπ “√μ—«‡μ‘¡´÷Ëß®–™à«¬∑”Àπâ“∑’Ë„π°“√‡æ‘Ë¡‡π◊ÈÕ„Àâ·°à
º≈‘μ¿—≥±å¬“ß·≈–™à«¬„π°“√≈¥μâπ∑ÿπ°“√º≈‘μ ·μà‰¡à™à«¬„π°“√ª√—∫ª√ÿß ¡∫—μ‘‡™‘ß°≈ ¡’ß“π«‘®—¬À≈“¬™‘Èπ
‰¥âæ∫«à“¢π“¥¢ÕßÕπÿ¿“§„π√–¥—∫π“‚π¢Õß “√μ—«‡μ‘¡ μ≈Õ¥®π≈—°…≥–°“√°√–®“¬μ—«¢Õß “√μ—«‡μ‘¡
‡™àπ °“√‡μ‘¡Õπÿ¿“§π“‚π‡§≈¬å≈ß‰ª„π«— ¥ÿæÕ≈‘‡¡Õ√å [4-6] °“√‡μ‘¡§“√å∫Õππ“‚π∑‘«∫å≈ß„π«— ¥ÿæÕ≈‘‡¡Õ√å
[7-8] ¡’º≈„π°“√™à«¬ª√—∫ª√ÿß ¡∫—μ‘‡™‘ß°≈¢ÕßæÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ Postsche ·≈–§≥– [9] „™â§“√å∫Õπ
π“‚π∑‘«∫å‡ªìπ “√μ—«‡μ‘¡„πæÕ≈‘§“√å∫Õ‡πμ (polycarbonate; PC) §“√å∫Õππ“‚π∑‘«∫å∑’Ë„™â‡ªìπ™π‘¥
multiwalled carbon nanotubes (MWNT) ¡’‡ âπºà“π»Ÿπ¬å°≈“ßμ—Èß·μà 10-15 nm ·≈–¡’§«“¡¬“« 1-10
μm „π°“√∑¥≈Õßπ’È„™â‡∑§π‘§ melt mixing „π°“√‡μ√’¬¡π“‚π§Õ¡‚æ ‘μ ‚¥¬„™â Barbender extruder
®“°°“√∑¥≈Õßæ∫«à“§“√å∫Õππ“‚π∑‘«∫å “¡“√∂°√–®“¬μ—«‰¥â¥’„π PC ·≈–™à«¬‡æ‘Ë¡ ¡∫—μ‘‡™‘ß°≈¢Õß
æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ ·¡â®–„™â§“√å∫Õππ“‚π∑‘«∫å„πª√‘¡“≥‡æ’¬ß‡≈Á°πâÕ¬ Bandyopadhyay ·≈–§≥– [10]
‰¥â∑”°“√»÷°…“ ¡∫—μ‘¢Õßπ“‚π§Õ¡‚æ ‘μ√–À«à“ß ¬“ß∏√√¡™“μ‘Õ‘æÕ°´‘‰¥ ǻ (epoxidixed natural rubber;
ENR) °—∫π“‚π ‘́≈‘°“ ‚¥¬¡’°“√„™â ‡μμ√–‡¡∑Õ° ’́‰´‡≈π (tetraethoxysilane) ‡ªìπ “√§Ÿà§«∫ „π°“√
∑¥≈Õß‡μ√’¬¡æÕ≈‘‡¡Õ√åπ“‚π§Õ¡‚æ ‘μ‚¥¬„™â‡∑§π‘§ Sol-gel ‚¥¬∑”°“√‡μ√’¬¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‚¥¬„™â
 “√≈–≈“¬ ‡μμ√–‰Œ‚¥√øŸ·√π (tetrahydrofuran; THF) ‡ªìπμ—«∑”≈–≈“¬¬“ß ENR ·≈–„™â °√¥‰Œ‚¥√
§≈Õ√‘§ ‡ªìπμ—«‡√àßªØ‘°‘√‘¬“ ´‘≈‘°“∑’Ë„™â¡’¢π“¥Õπÿ¿“§μ—Èß·μà 15-100 π“‚π‡¡μ√ ®“°°“√»÷°…“ —≥∞“π«‘∑¬“
‚¥¬„™â°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈°μ√Õπ·∫∫ àÕß°√“¥ ‰¡àæ∫°“√®—¥‡√’¬ßμ—«¢Õß ‘́≈‘°“‡ªìπ√à“ß·À (network)
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¿“¬„π‡π◊ÈÕ¢Õß§Õ¡‚æ ‘μ ·≈–§Õ¡‚æ ‘μ∑’Ë‰¥â¡’‚¡¥Ÿ≈— ·≈–§«“¡∑π·√ß¥÷ß∑’Ë Ÿß¢÷Èπ Hung ·≈–§≥– [11]
∑”°“√»÷°…“ ¡∫—μ‘∑“ß°“¬¿“æ·≈– ¡∫—μ‘‡™‘ß°≈¢Õß π“‚π§Õ¡‚æ ‘μ√–À«à“ß æÕ≈‘æ√Õæ‘≈’π (polypropylene;
PP) °—∫π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ¡’¢π“¥Õπÿ¿“§√–À«à“ß 15 ·≈– 30 π“‚π‡¡μ√
·≈–¡’°“√„™â acrylic acid ‡ªìπ‚¡‚π‡¡Õ√å ·≈– dicumyl peroxide ‡ªìπ “√μ—Èßμâπ„π°“√‡°‘¥ªØ‘°‘√‘¬“
°√“øæÕ≈‘‡¡Õ‰√‡´™—π Õ—μ√“ à«π¢Õßπ“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ∑’Ë„™âÕ¬Ÿà√–À«à“ß 1-10% ‚¥¬πÈ”Àπ—° ®“°
°“√∑¥≈Õßæ∫«à“ °“√‡μ‘¡π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ®–™à«¬§«“¡·¢Áß·√ß‡™‘ß°≈·≈–§«“¡‡Àπ’¬«„Àâ°—∫
§Õ¡‚æ ‘μ∑’Ë ‰¥â ®“°°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ· ¥ß∫∑∫“∑„π°“√‡ªìπ “√
‡ √‘¡·√ß‰¥â¥’°«à“·§≈‡´’¬¡§“√å∫Õ‡πμ∑’Ë„™â°—π‚¥¬∑—Ë«‰ª

¥—ßπ—Èπß“π«‘®—¬π’È®÷ßμâÕß°“√»÷°…“º≈¢Õß§«“¡‡ªìπÕπÿ¿“§π“‚π¢Õß “√μ—«‡μ‘¡™π‘¥‰¡à‡ √‘¡·√ß
Õ—π‰¥â·°à ·§≈‡ ’́¬¡§“√å∫Õ‡πμ ∑’Ë¡’μàÕ ¡∫—μ‘¢Õß¬“ß∏√√¡™“μ‘ ∑—Èßæƒμ‘°√√¡°“√§ß√Ÿª ·≈– ¡∫—μ‘‡™‘ß°≈
¢Õß¬“ß«—≈§“‰π´å πÕ°®“°π’È ·§≈‡´’¬¡§“√å∫Õ‡πμ ¬—ß‡ªìπ “√μ—«‡μ‘¡∑’Ë “¡“√∂º≈‘μ‰¥â„πª√–‡∑»‰∑¬·≈–
¡’√“§“‰¡à Ÿßπ—° ∂â“ “¡“√∂ª√—∫ª√ÿß„Àâ¡’¢π“¥Õπÿ¿“§„π√–¥—∫π“‚π·≈–¬—ß “¡“√∂ª√—∫ª√ÿß ¡∫—μ‘¢Õß¬“ß
∏√√¡™“μ‘‰¥â°Á®–¡’ à«π„π°“√æ—≤π“º≈‘μ¿—≥±å®“°¬“ß∏√√¡™“μ‘∑’Ë¡’§ÿ≥¿“æ Ÿß Õ—π‡π◊ËÕß¡“®“°§«“¡‡ªìπ
«— ¥ÿπ“‚π§Õ¡‚æ ‘μ¥—ß∑’Ë°≈à“«¡“·≈â«¢â“ßμâπ

Õÿª°√≥å·≈–«‘∏’∑¥≈Õß
«— ¥ÿ

ß“π«‘®—¬π’È„™â¬“ß∏√√¡™“μ‘„π√Ÿª¢Õß ¬“ß·∑àß STR 20 (Standard Thai Rubber 20) ®“°
∫√‘…—∑ »√’μ√—ß ®”°—¥ ª√–‡∑»‰∑¬ ∑”°“√«—≈§“‰π´å¬“ß∏√√¡™“μ‘‚¥¬„™â°”¡–∂—π (sulphur) ®“° ∫√‘…—∑
 À‰æ»“≈Õ‘π¥— μ√’ ®”°—¥ ‡ªìπ “√∑”„Àâ¬“ß§ß√Ÿª (vulcanizing agent) „™â “√°√–μÿâπªØ‘°‘√‘¬“ (activators)
‰¥â·°à ´‘ß§åÕÕ°‰´¥å (zinc oxide) ®“° ∫√‘…—∑ Õÿ∑‘»‡ÕÁπ‡μÕ√å‰æ√ å ®”°—¥ ·≈– °√¥ ‡μ’¬√‘° (stearic acid)
®“° ∫√‘…—∑‰∑¬‚æ≈’‡§¡‘§Õ≈ ®”°—¥ „™â “√‡√àßªØ‘°‘√‘¬“ (accelerators) ‰¥â·°à 2-Mercaptobenzothiazole
(MBT) ·≈– Diphenylguanidine (DPG) ®“°∫√‘…—∑ ´’ÕÕπ ·Õ¥«“π å æÕ≈‘¡‘° å ®”°—¥ μ—«·ª√
∑’Ë„™â„π°“√«‘®—¬π’È‰¥â·°à  “√μ—«‡μ‘¡ (filler) ‚¥¬∑”°“√»÷°…“‡ª√’¬∫‡∑’¬∫º≈¢Õß°“√‡μ‘¡  “√μ—«‡μ‘¡π“‚π
(nano filler) ‰¥â·°à π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ (nano calcium carbonate) ‡°√¥ FCC200 ¢Õß∫√‘…—∑
·´π¥å ·Õπ¥å ´Õ¬≈å Õÿμ “À°√√¡ ®”°—¥ ·≈– “√μ—«‡μ‘¡ ·§≈‡ ’́¬¡§“√å∫Õ‡πμ (calcium carbonate;
CaCO3) ®“° ∫√‘…—∑ §«Õ≈‘μ’È ¡‘‡πÕ√—≈ ®”°—¥ (¡À“™π)

°“√«‘‡§√“–Àå¢π“¥Õπÿ¿“§¢Õßπ“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ ·≈–·§≈‡´’¬¡§“√å∫Õ‡πμ
π”π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ ·≈–·§≈‡´’¬¡§“√å∫Õ‡πμ ¡“À“¢π“¥Õπÿ¿“§‚¥¬„™â‡§√◊ËÕß

∑¥ Õ∫¢π“¥Õπÿ¿“§ (Particle size analyzer) √ÿàπ Mastersizer 3000 ¢Õß∫√‘…—∑ Malvern Instruments
Ltd. ª√–‡∑»Õ—ß°ƒ…
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°“√º ¡¬“ß∏√√¡™“μ‘°—∫ “√‡§¡’
„π¢—ÈπμÕππ’È¬“ß∏√√¡™“μ‘®–ºà“π°“√∫¥¬“ß„Àâπ‘Ë¡ (mastication) ¥â«¬‡§√◊ËÕßº ¡ Õß≈Ÿ°°≈‘Èß

(two-roll mill) √ÿàπ YFTR 8″ (YFH-8″ Ó 18″L) ¢Õß ∫√‘…—∑ ¬ß øß ·¡™™‘π‡πÕ√’Ë ®”°—¥ ª√–‡∑»‰∑¬
‡ªìπ‡«≈“ 5 π“∑’ „π°√–∫«π°“√º ¡¬“ß°—∫ “√‡§¡’ (compounding) ¬“ß∏√√¡™“μ‘®–∂Ÿ°∫¥º ¡°—∫ “√∑’Ë
∑”„Àâ‡°‘¥°“√«—≈§“‰π´å ·≈–π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ À√◊Õ·§≈‡´’¬¡§“√å∫Õ‡πμ ‚¥¬„™â‡§√◊ËÕßº ¡ Õß
≈Ÿ°°≈‘Èß‡ªìπ‡«≈“ 25 π“∑’ Õ—μ√“ à«π¢Õß “√‡§¡’μà“ßÊ ∑’Ë„™â„π°“√º ¡· ¥ß„πμ“√“ß∑’Ë 1 ™‘Èπß“π¬“ß
μ—«Õ¬à“ß¢÷Èπ√Ÿª‚¥¬„™â‡§√◊ËÕßÕ—¥¢÷Èπ√Ÿª (compression molding machine) ¢Õß ∫√‘…—∑ ¬ß øß ·¡™™‘π‡πÕ√’Ë
®”°—¥ ª√–‡∑»‰∑¬ ∑’Ë§«“¡¥—π 150 kgf/cm2 Õÿ≥À¿Ÿ¡‘ 150°C μ“¡√–¬–‡«≈“°“√§ß√Ÿª∑’Ë«—¥‰¥â®“°‡§√◊ËÕß
moving die rheometer (MDR)

°“√∑¥ Õ∫ ¡∫—μ‘¢Õß¬“ß
§«“¡Àπ◊¥¡Ÿππ’Ë (Mooney viscosity) ¢Õß¬“ß§Õ¡æ“«¥å «—¥‚¥¬ Mooney viscometer

√ÿàπ MV-3 ¢Õß Beijing RADE Instrument Corporation Limited ª√–‡∑» “∏“√≥√—∞ª√–™“™π®’π
μ“¡¡“μ√∞“π ASTM D 1646-00 æƒμ‘°√√¡°“√§ß√Ÿª¢Õß¬“ß«—¥‚¥¬„™â moving die rheometer √ÿàπ
GT-M 2000 ¢Õß Gotech testing Machines, Inc. ª√–‡∑»‰μâÀ«—π μ“¡¡“μ√∞“π ASTM D 5289-00
∑’ËÕÿ≥À¿Ÿ¡‘ 150°C  ¡∫—μ‘¢Õß¬“ß§ß√Ÿª∑’Ë∑¥ Õ∫‰¥â·°à §«“¡∂à«ß®”‡æ“– (specific gravity) ∑¥ Õ∫‚¥¬
„™â electronic densimeter √ÿàπ MD-300S ¢Õß Alfa Mirage Co., Ltd. ª√–‡∑»≠’ËªÿÉπ §«“¡·¢Áß
(hardness) ¢Õß¬“ßμ“¡¡“μ√∞“π ASTM D2240-00 ‚¥¬„™â Shore durometer √ÿàπ 473 ¢Õß Pacific
Transducer Crop. ª√–‡∑» À√—∞Õ‡¡√‘°“  ¡∫—μ‘§«“¡∑π·√ß¥÷ß (tensile properties) ∑¥ Õ∫μ“¡¡“μ√∞“π
ASTM D412-00 ‚¥¬„™â universal testing machine √ÿàπ type EZ20 ¢Õß Lloyd Instruments
Ltd ª√–‡∑»Õ—ß°ƒ…  —≥∞“π«‘∑¬“∑¥ Õ∫‚¥¬„™â°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈°μ√Õπ·∫∫ àÕß°√“¥ (scanning
electron microscopes; SEM) ¢Õß JEOL USA, Inc. √ÿàπ JSM 6210 ª√–‡∑» À√—∞Õ‡¡√‘°“

μ“√“ß∑’Ë 1 Õ—μ√“ à«π¢Õß “√‡§¡’μà“ßÊ ∑’Ë„™â„π°“√º ¡¬“ß

 “√‡§¡’ ª√‘¡“≥¢Õß “√‡§¡’∑’Ë„™â
(phr)

¬“ß∏√√¡™“μ‘ (STR20) 100
´‘ß§åÕÕ°‰´¥å (zinc oxide) 3
°√¥ ‡μ’¬√‘§ (stearic acid) 1
2-Mercaptobenzothiazole (MBT) 0.5
Diphenylguanidine (DPG) 0.2
°”¡–∂—π (sulphur) 2.5
π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ À√◊Õ ·§≈‡´’¬¡§“√å∫Õ‡πμ 0, 10, 20, 30, 40 ·≈– 50
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º≈°“√∑¥≈Õß·≈–«‘®“√≥å
°“√«‘‡§√“–Àå¢π“¥Õπÿ¿“§¢Õßπ“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ ·≈–·§≈‡´’¬¡§“√å∫Õ‡πμ

√Ÿª∑’Ë 1 · ¥ß°“√°√–®“¬¢π“¥Õπÿ¿“§¢Õß·§≈‡´’¬¡§“√å∫Õ‡πμ ®“°°“√»÷°…“¢π“¥Õπÿ¿“§
¢Õß·§≈‡ ’́¬¡§“√å∫Õ‡πμæ∫«à“ ¢π“¥Õπÿ¿“§‡≈Á°∑’Ë ÿ¥§◊Õ 0.523 ‰¡‚§√‡¡μ√ „À≠à∑’Ë ÿ¥§◊Õ 98.1 ‰¡‚§√‡¡μ√
¢π“¥Õπÿ¿“§∑’Ë¡’ª√‘¡“≥¡“°∑’Ë ÿ¥¡’¢π“¥ 27.4 ‰¡‚§√‡¡μ√ Volume Density ¡’§à“ Ÿß ÿ¥‡∑à“°—∫ 5.73%
√Ÿª∑’Ë 2 · ¥ß°“√°√–®“¬¢π“¥Õπÿ¿“§¢Õßπ“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ (FCC200) ®“°°“√»÷°…“¢π“¥
Õπÿ¿“§¢Õßπ“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ æ∫«à“ ¢π“¥Õπÿ¿“§‡≈Á°∑’Ë ÿ¥§◊Õ 0.460 ‰¡‚§√‡¡μ√ „À≠à∑’Ë ÿ¥§◊Õ
186 ‰¡‚§√‡¡μ√ ¢π“¥Õπÿ¿“§∑’Ë¡’ª√‘¡“≥¡“°∑’Ë ÿ¥¡’¢π“¥ 5.92 ‰¡‚§√‡¡μ√ Volume Density ¡’§à“
 Ÿß ÿ¥‡∑à“°—∫ 6.96% ®“°º≈°“√∑¥≈Õßæ∫«à“·§≈‡ ’́¬¡§“√å∫Õ‡πμ¡’¢π“¥Õπÿ¿“§‡©≈’Ë¬ 27.4 ‰¡‚§√‡¡μ√
´÷Ëß¡’¢π“¥∑’Ë„À≠à°«à“ 5.92 ‰¡‚§√‡¡μ√ ÷́Ëß‡ªìπÕπÿ¿“§‡©≈’Ë¬¢Õßπ“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ ÷́Ëß¢π“¥
Õπÿ¿“§∑’Ë«—¥‰¥â¢Õßπ“‚π·§≈‡´’¬¡§“√å∫Õ‡πμπ—Èπ πà“®–‡ªìπ¢π“¥¢Õß°≈ÿà¡°âÕπ (aggregate) ·≈–°≈ÿà¡°âÕπ
μà“ßÊ ¡“®—∫μ—«°—π‡ªìπ°≈ÿà¡°âÕπ∑’Ë¡’¢π“¥„À≠à (agglomerate) ¡“°°«à“®–‡ªìπ¢π“¥¢ÕßÕπÿ¿“§ª∞¡¿Ÿ¡‘
(primary particle) ¥—ß· ¥ß„π√Ÿª∑’Ë 3  “√μ—«‡μ‘¡∑’Ë¡’¢π“¥Õπÿ¿“§‡≈Á°®–„Àâ°“√‡ √‘¡·√ß¥’ ‡æ√“– “√
μ—«‡μ‘¡∑’Ë¡’Õπÿ¿“§‡≈Á°®–¡’æ◊Èπ∑’Ëº‘«μàÕÀπ÷ËßÀπà«¬¢ÕßπÈ”Àπ—° (À√◊Õ∑’Ë‡√’¬°«à“æ◊Èπ∑’Ëº‘«®”‡æ“–)  Ÿß ∑”„Àâ¡’
æ◊Èπ∑’Ë∑’Ë®–‡°‘¥·√ß°√–∑”√–À«à“ß¬“ß°—∫ “√μ—«‡μ‘¡ Ÿß¢÷Èπ  ¡∫—μ‘‡™‘ß°≈μà“ßÊ ¢Õß¬“ß ‡™àπ §«“¡∑πμàÕ·√ß¥÷ß
§«“¡∑πμàÕ°“√©’°¢“¥ ·≈–§«“¡μâ“π∑“πμàÕ°“√¢—¥∂Ÿ®÷ß Ÿß¢÷Èπμ“¡æ◊Èπ∑’Ëº‘«®”‡æ“–¢Õß “√μ—«‡μ‘¡

√Ÿª∑’Ë 1 °“√°√–®“¬¢π“¥Õπÿ¿“§¢Õß·§≈‡ ’́¬¡§“√å∫Õ‡πμ (CaCO3)
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√Ÿª∑’Ë 2 °“√°√–®“¬¢π“¥Õπÿ¿“§¢Õßπ“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ ‡°√¥ FCC200

√Ÿª∑’Ë 3[a] · ¥ß≈—°…≥–Õπÿ¿“§¢Õß·§≈‡´’¬¡§“√å∫Õ‡πμ ®– —ß‡°μ‰¥â«à“·§≈‡ ’́¬¡§“√å∫Õ‡πμ
¡’Õπÿ¿“§¢π“¥„À≠à ‡¡◊ËÕ‡∑’¬∫°—∫π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ ∑’Ë°”≈—ß¢¬“¬‡∑à“°—π ®“°√Ÿª∑’Ë 3[b] · ¥ß
≈—°…≥–¢Õßπ“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ ‡°√¥ FCC200  —ß‡°μ‰¥â«à“π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ¡’¢π“¥
Õπÿ¿“§ª∞¡¿Ÿ¡‘∑’Ë‡≈Á° ·≈–Õπÿ¿“§ª∞¡¿Ÿ¡‘‡À≈à“π—Èπ®–‰¡àÕ¬Ÿà°—πÕ¬à“ß‡¥’Ë¬«Ê ·μà®–Õ¬Ÿà√«¡°—π‡ªìπ°≈ÿà¡°âÕπ
‡√’¬°«à“ ç·Õ°°√’‡°μ (aggregate)é ‡π◊ËÕß®“°·Õ°°√’‡°μ·μà≈–°≈ÿà¡¡’·√ß¥÷ß¥Ÿ¥´÷Ëß°—π·≈–°—π ¥—ßπ—Èπ
·Õ°°√’‡°μ®÷ß®—∫μ—«°—π‡ªìπ°≈ÿà¡°âÕπ∑’Ë¡’¢π“¥„À≠à¢÷Èπ‡√’¬°«à“ ç·Õ°‚°≈¡Õ‡√μ (agglomerate)é  ‘Ëß∑’Ë
 —ß‡°μ‰¥âÕ¬à“ß™—¥‡®π§◊Õ¢π“¥Õπÿ¿“§ª∞¡¿Ÿ¡‘ (primary particle) ¡’¢π“¥‡≈Á°°«à“·§≈‡ ’́¬¡§“√å∫Õ‡πμ
‡¡◊ËÕ àÕß∑’Ë°”≈—ß¢¬“¬‡∑à“°—π
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√Ÿª∑’Ë 3 ¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°μ√Õπ·∫∫ àÕß°√“¥¢Õß·§≈‡´’¬¡§“√å∫Õ‡πμ ·≈–
π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ∑’Ë°”≈—ß¢¬“¬ 2000 ‡∑à“ : [a] CaCO3 ·≈– [b] Nano CaCO3 ‡°√¥ FCC200
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 ¡∫—μ‘¢Õß¬“ß∏√√¡™“μ‘∑’Ë¡’°“√‡μ‘¡π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ·≈–·§≈‡´’¬¡§“√å∫Õ‡πμ
μ“√“ß∑’Ë 2 · ¥ß§à“§«“¡Àπ◊¥¡Ÿππ’Ë ¢Õß¬“ß∏√√¡™“μ‘∑’Ë¡’°“√‡μ‘¡·§≈‡´’¬¡§“√å∫Õ‡πμ ·≈–

π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ ®“°º≈°“√∑¥≈Õßæ∫«à“ ‡¡◊ËÕ‡μ‘¡·§≈‡ ’́¬¡§“√å∫Õ‡πμ ·≈–π“‚π·§≈‡ ’́¬¡
§“√å∫Õ‡πμ ≈ß‰ª„π¬“ß∏√√¡™“μ‘„πª√‘¡“≥∑’Ë¡“°¢÷Èπ ∑”„Àâ§«“¡Àπ◊¥¢Õß¬“ß§Õ¡æ“«¥å¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ
‡π◊ËÕß®“°°“√‡®◊Õ®“ß¢Õßª√‘¡“μ√‡π◊ÈÕ¬“ß (hydrodynamic effects) °≈à“«§◊Õ·§≈‡´’¬¡§“√å∫Õ‡πμ ·≈–
π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ ‡ªìπ “√μ—«‡μ‘¡∑’Ë¡’Õπÿ¿“§‡ªìπ¢Õß·¢Áß „π¢≥–∑’Ë¬“ß∏√√¡™“μ‘‡¡◊ËÕ‰¥â√—∫·√ß
®“°°“√∫¥º ¡®–‡ªìπ¢Õß‡À≈«∑’Ë¡’§«“¡Àπ◊¥ Ÿß ·≈– “¡“√∂‰À≈‰¥â ‡¡◊ËÕ‡μ‘¡ “√μ—«‡μ‘¡∑’Ë‡ªìπÕπÿ¿“§
¢Õß·¢Áß≈ß„π¬“ß∑’Ëπ‘Ë¡¡’§«“¡Àπ◊¥·≈– “¡“√∂‰À≈‰¥â ¬“ß§Õ¡æ“«¥å®÷ß¡’§«“¡Àπ◊¥‡æ‘Ë¡¢÷Èπ [12] ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫√–À«à“ß·§≈‡´’¬¡§“√å∫Õ‡πμ ·≈–π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμæ∫«à“ π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ
¡’º≈„π°“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡Àπ◊¥¡Ÿππ’πâÕ¬°«à“ ‡π◊ËÕß®“°‡¡◊ËÕπ“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ‰¥â√—∫·√ß‡©◊Õπ
¢≥–º ¡¬“ß°—∫ “√‡§¡’ àßº≈„Àâ°≈ÿà¡°âÕπ¢π“¥„À≠à·μ°ÕÕ° ‡ªìπÕπÿ¿“§‡≈Á°°√–®“¬μ—«„π‡π◊ÈÕ¬“ß ·≈–
πÕ°®“°π’Èπ“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ∑’Ë„™â„πß“π«‘®—¬π’È¡’°“√‡§≈◊Õ∫º‘«¥â«¬°√¥‰¢¡—π (fatty acid) ´÷Ëß™à«¬
∑”„Àâ‡°‘¥°“√À≈àÕ≈◊Ëπ ·≈–∑”„Àâ¬“ß‰À≈‰¥âßà“¬¢÷Èπ [13] ¥—ßπ—Èππ“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ¡’º≈„π°“√‡æ‘Ë¡¢÷Èπ
¢Õß§«“¡Àπ◊¥¡Ÿππ’πâÕ¬°«à“·§≈‡´’¬¡§“√å∫Õ‡πμ

μ“√“ß∑’Ë 2 §«“¡Àπ◊¥¡Ÿππ’Ë ¢Õß¬“ß∏√√¡™“μ‘∑’Ë¡’°“√‡μ‘¡·§≈‡´’¬¡§“√å∫Õ‡πμ (CaCO3) ·≈–π“‚π-
·§≈‡´’¬¡§“√å∫Õ‡πμ (FCC200)

ª√‘¡“≥ “√ (phr) §«“¡Àπ◊¥¡Ÿππ’Ë (ML(1+4)100°C)

CaCO3 FCC200

0 5.07 5.07
10 10.06 7.10
20 11.04 7.29
30 12.02 9.05
40 13.03 11.29
50 14.21 12.34
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μ“√“ß∑’Ë 3 · ¥ßæƒμ‘°√√¡°“√§ß√Ÿª¢Õß¬“ß∏√√¡™“μ‘∑’Ë¡’°“√‡μ‘¡·§≈‡´’¬¡§“√å∫Õ‡πμ ·≈–
π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ ®“°º≈°“√∑¥≈Õßæ∫«à“°“√‡μ‘¡·§≈‡ ’́¬¡§“√å∫Õ‡πμ·≈–π“‚π·§≈‡ ’́¬¡
§“√å∫Õ‡πμ≈ß„π¬“ß∏√√¡™“μ‘ ‰¡à¡’º≈μàÕ°“√‡ª≈’Ë¬π·ª≈ß‡«≈“‡√‘Ë¡§ß√Ÿª (scorch time; ts1) ·≈–‡«≈“∑’Ë„™â
„π°“√§ß√Ÿª (cure time; tc90) ¢Õß¬“ß∏√√¡™“μ‘

μ“√“ß∑’Ë 3 æƒμ‘°√√¡°“√§ß√Ÿª¢Õß¬“ß∏√√¡™“μ‘∑’Ë¡’°“√‡μ‘¡·§≈‡ ’́¬¡§“√å∫Õ‡πμ (CaCO3) ·≈–π“‚π-
·§≈‡´’¬¡§“√å∫Õ‡πμ (FCC200)

ª√‘¡“≥ “√ (phr) CaCO3 FCC200
ts1 tc90 ts1 tc90

(min.sec) (min.sec) (min.sec) (min.sec)

0 1.14 4.13 1.14 4.13
10 1.17 4.05 1.19 4.12
20 1.16 4.46 1.18 4.34
30 1.17 4.56 1.16 4.44
40 1.15 4.42 1.14 4.25
50 1.13 4.36 1.12 4.81

μ“√“ß∑’Ë 4 · ¥ß§à“§«“¡∂à«ß®”‡æ“– (specific gravity) ¢Õß¬“ß∏√√¡™“μ‘∑’Ë‡μ‘¡·§≈‡ ’́¬¡
§“√å∫Õ‡πμ ·≈–π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ ¬“ß∏√√¡™“μ‘∑’Ë‡μ‘¡·§≈‡´’¬¡§“√å∫Õ‡πμ ·≈–π“‚π·§≈‡´’¬¡
§“√å∫Õ‡πμ„πª√‘¡“≥μà“ßÊ °—π¡’§«“¡∂à«ß®”‡æ“–‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬ ‡π◊ËÕß®“°·§≈‡´’¬¡§“√å∫Õ‡πμ ·≈–
π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ¡’§«“¡Àπ“·πàπ¡“°°«à“¬“ß∏√√¡™“μ‘ „πß“π«‘®—¬π’È¬“ß∏√√¡™“μ‘∑’Ë„™â¡’§«“¡
Àπ“·πàπ 0.95 g/cm3 „π¢≥–∑’Ë·§≈‡´’¬¡§“√å∫Õ‡πμ¡’§«“¡Àπ“·πàπ 2.53 g/cm3 ·≈– π“‚π·§≈‡´’¬¡
§“√å∫Õ‡πμ¡’§«“¡Àπ“·πàπ 2.54 g/cm3 ‡¡◊ËÕ‡μ‘¡‡¢â“‰ª∑”„Àâ§à“§«“¡∂à«ß®”‡æ“–¢Õß¬“ß«—≈§“‰π ǻ
(vulcanizate) ‡æ‘Ë¡¡“°¢÷Èπ
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μ“√“ß∑’Ë 4 §«“¡∂à«ß®”‡æ“–¢Õß¬“ß∏√√¡™“μ‘∑’Ë¡’°“√‡μ‘¡·§≈‡´’¬¡§“√å∫Õ‡πμ (CaCO3) ·≈–
π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ (FCC200)

ª√‘¡“≥ “√ (phr) §«“¡∂à«ß®”‡æ“–
CaCO3 FCC200

0 0.95 0.95
10 1.01 1.02
20 1.06 1.07
30 1.10 1.10
40 1.15 1.15
50 1.17 1.17

μ“√“ß∑’Ë 5 · ¥ß§à“§«“¡·¢Áß¢Õß¬“ß∏√√¡™“μ‘∑’Ë‡μ‘¡·§≈‡´’¬¡§“√å∫Õ‡πμ ·≈–π“‚π·§≈‡ ’́¬¡
§“√å∫Õ‡πμ ®– —ß‡°μ‰¥â«à“¬“ß∏√√¡™“μ‘∑’Ë‡μ‘¡·§≈‡´’¬¡§“√å∫Õ‡πμ®–¡’§«“¡·¢Áß‡æ‘Ë¡¢÷Èπμ“¡ª√‘¡“≥°“√‡μ‘¡
 “√μ—«‡μ‘¡ ‡°‘¥®“°·§≈‡´’¬¡§“√å∫Õ‡πμ¡’Õπÿ¿“§‡ªìπ¢Õß·¢Áß ´÷Ëß¡’§«“¡·¢Áß¡“°°«à“¬“ß∏√√¡™“μ‘ ‡¡◊ËÕ
‡μ‘¡„π¬“ß∏√√¡™“μ‘®–∑”„Àâ¬“ß∏√√¡™“μ‘¡’·π«‚πâ¡§«“¡·¢Áß‡æ‘Ë¡¢÷ÈπÕ¬à“ßμàÕ‡π◊ËÕßμ“¡ª√‘¡“≥°“√‡μ‘¡ “√
μ—«‡μ‘¡  à«π§«“¡ —¡æ—π∏å√–À«à“ß¬“ß∏√√¡™“μ‘∑’Ë‡μ‘¡π“‚π‡μ‘¡·§≈‡´’¬¡§“√å∫Õ‡πμ ®– —ß‡°μ‰¥â«à“¬“ß
∏√√¡™“μ‘∑’Ë‡μ‘¡π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ®–¡’§«“¡·¢Áß¢÷Èπμ“¡ª√‘¡“≥°“√‡μ‘¡ “√μ—«‡μ‘¡ ‡°‘¥®“°π“‚π
·§≈‡ ’́¬¡§“√å∫Õ‡πμ¡’Õπÿ¿“§‡ªìπ¢Õß·¢Áß´÷Ëß¡’§«“¡·¢Áß¡“°°«à“¬“ß∏√√¡™“μ‘‡™àπ‡¥’¬«°—π ‡¡◊ËÕ‡μ‘¡„π¬“ß
∏√√¡™“μ‘®–∑”„Àâ¬“ß∏√√¡™“μ‘¡’·π«‚πâ¡§«“¡·¢Áß‡æ‘Ë¡¢÷ÈπÕ¬à“ßμàÕ‡π◊ËÕßμ“¡ª√‘¡“≥°“√‡μ‘¡π“‚π‡μ‘¡
·§≈‡´’¬¡§“√å∫Õ‡πμ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß·§≈‡´’¬¡§“√å∫Õ‡πμ·≈–π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ æ∫«à“
·§≈‡´’¬¡§“√å∫Õ‡πμ¡’º≈„π°“√‡æ‘Ë¡§«“¡·¢Áß°—∫¬“ß‰¥â¡“°°«à“π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ

μ“√“ß∑’Ë 5 §«“¡·¢Áß (hardness) ¢Õß¬“ß∏√√¡™“μ‘∑’Ë¡’°“√‡μ‘¡·§≈‡ ’́¬¡§“√å∫Õ‡πμ (CaCO3) ·≈–π“‚π-
·§≈‡´’¬¡§“√å∫Õ‡πμ (FCC200)

ª√‘¡“≥ “√ (phr) §«“¡·¢Áß (Shore A)
CaCO3 FCC200

0 33 33
10 40 36
20 43 38
30 45 40
40 48 42
50 50 44
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μ“√“ß∑’Ë 6  ¡∫—μ‘§«“¡∑πμàÕ·√ß¥÷ß (tensile properties) ¢Õß¬“ß∏√√¡™“μ‘∑’Ë¡’°“√‡μ‘¡·§≈‡ ’́¬¡§“√å∫Õ‡πμ
(CaCO3) ·≈–π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ (FCC200)

ª√‘¡“≥ “√ CaCO3 FCC200

(phr) 100% Tensile Elongation 100% Tensile Elongation

Modulus Strength at Break Modulus Strength at Break

(MPa) (MPa) (%) (MPa) (MPa) (%)

0 0.9 18.9 629 0.9 18.9 629

10 1.1 22.6 624 1.1 20.9 627

20 1.1 23.7 629 1.1 21.2 653

30 1.1 20.4 675 1.3 24.6 662

40 1.2 18.8 648 1.4 23.8 628

50 1.2 18.5 650 1.5 23.3 620

μ“√“ß∑’Ë 6 · ¥ß ¡∫—μ‘§«“¡∑πμàÕ·√ß¥÷ß¢Õß¬“ß∏√√¡™“μ‘∑’Ë¡’°“√‡μ‘¡·§≈‡ ’́¬¡§“√å∫Õ‡πμ
·≈–π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ ®“°º≈°“√∑¥≈Õßæ∫«à“§à“ 100% ¡Õ¥Ÿ≈—  ‡æ‘Ë¡ Ÿß¢÷Èπ‡¡◊ËÕ¡’°“√‡μ‘¡ “√
μ—«‡μ‘¡∑—Èß·§≈‡´’¬¡§“√å∫Õ‡πμ ·≈–π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß®“°·§≈‡´’¬¡§“√å∫Õ‡πμ ·≈–
π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ ÷́Ëß‡ªìπ “√μ—«‡μ‘¡∑’Ë¡’Õπÿ¿“§‡ªìπ¢Õß·¢Áß‰¥â‡¢â“‰ª·∑√°μ—«√–À«à“ß “¬‚ à́
‚¡‡≈°ÿ≈¢Õß¬“ß∏√√¡™“μ‘ ·≈–¢—¥¢«“ß°“√‡§≈◊ËÕπ∑’Ë¢Õß “¬‚´à‚¡‡≈°ÿ≈¢Õß¬“ß∑”„Àâ¬“ß¡’°“√μâ“π∑“πμàÕ
°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß‰¥â¡“°¢÷Èπ [12] ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ßº≈¢Õß·§≈‡´’¬¡§“√å∫Õ‡πμ ·≈–π“‚π
·§≈‡´’¬¡§“√å∫Õ‡πμ æ∫«à“π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ¡’º≈„π°“√‡æ‘Ë¡§à“¡Õ¥Ÿ≈— ¢Õß¬“ß∏√√¡™“μ‘¡“°°«à“
·§≈‡´’¬¡§“√å∫Õ‡πμ ∑—Èßπ’È‡π◊ËÕß®“°·Õ°‚°≈¡Õ‡√μ ¢Õßπ“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ¡’°“√·μ°μ—«‡ªìπ
Õπÿ¿“§‡≈Á°Ê ‡π◊ËÕß®“°·√ß‡©◊Õπ„π√–À«à“ß°“√º ¡¬“ß ∑”„Àâ¡’¢π“¥Õπÿ¿“§∑’Ë‡≈Á°≈ß·≈–¡’°“√°√–®“¬μ—«¥’
„π¬“ß ‡æ‘Ë¡æ◊Èπ∑’Ëº‘« —¡º— „π°“√‡°‘¥Õ—πμ√°‘√‘¬“ (interaction) √–À«à“ß¬“ß∏√√¡™“μ‘°—∫π“‚π·§≈‡ ’́¬¡
§“√å∫Õ‡πμ ™à«¬„π°“√‡ √‘¡·√ß„Àâ°—∫¬“ß∏√√¡™“μ‘ àßº≈„Àâ¬“ß∏√√¡™“μ‘¡’§«“¡μâ“π∑“πμàÕ°“√‡ª≈’Ë¬π·ª≈ß
√Ÿª√à“ß‰¥â¥’¡“°¢÷Èπ [10, 11] √Ÿª∑’Ë 4 ‡ªìπ¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°μ√Õπ°”≈—ß¢¬“¬ 2,000 ‡∑à“
¢Õß¬“ß∑’Ëºà“π°“√«—≈§“‰π ǻ ª√–°Õ∫‰ª¥â«¬¬“ß∏√√¡™“μ‘ ¬“ß∏√√¡™“μ‘∑’Ë¡’°“√‡μ‘¡·§≈‡ ’́¬¡§“√å∫Õ‡πμ
®”π«π 30 phr ¬“ß∏√√¡™“μ‘∑’Ë¡’°“√‡μ‘¡π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ®”π«π 30 phr æ∫«à“·§≈‡´’¬¡
§“√å∫Õ‡πμ¡’°“√‡°“–°≈ÿà¡·≈–· ¥ß°“√°√–®“¬μ—«∑’Ë‰¡à¥’„π¬“ß∏√√¡™“μ‘ „π¢≥–∑’Ë·Õ°‚°≈¡Õ‡√μ ¢Õß
π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ¡’°“√·μ°μ—«ÕÕ°®π¡’¢π“¥Õπÿ¿“§∑’Ë‡≈Á°≈ß·≈–°√–®“¬μ—«„π¬“ß∏√√¡™“μ‘‰¥â¥’
°«à“‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫·§≈‡ ’́¬¡§“√å∫Õ‡πμ
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√Ÿª∑’Ë 4 ¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°μ√Õπ°”≈—ß¢¬“¬ 2,000 ‡∑à“ :
[a] ¬“ß∏√√¡™“μ‘ [b] ¬“ß∏√√¡™“μ‘‡μ‘¡ CaCO3 30 phr ·≈– [c] ¬“ß∏√√¡™“μ‘‡μ‘¡ FCC200 30 phr

‡¡◊ËÕæ‘®“√≥“ ¡∫—μ‘§à“§«“¡∑π·√ß¥÷ß (tensile strength) „πμ“√“ß∑’Ë 6 æ∫«à“‡¡◊ËÕ¡’°“√‡μ‘¡
·§≈‡ ’́¬¡§“√å∫Õ‡πμ„πª√‘¡“≥‰¡à‡°‘π 20 phr ®–™à«¬ª√—∫ª√ÿß ¡∫—μ‘§«“¡∑πμàÕ·√ß¥÷ß¢Õß¬“ß∏√√¡™“μ‘
∑’Ë Ÿß¢÷Èπ‡≈Á°πâÕ¬ ‡π◊ËÕß®“°·§≈‡´’¬¡§“√å∫Õ‡πμ¡’æƒμ‘°√√¡‡ªìπ “√μ—«‡μ‘¡°÷Ëß‡ √‘¡·√ß (semi-reinforce
filler) ‡¡◊ËÕ‡μ‘¡¡“°°«à“ 30 phr ¢÷Èπ‰ª  ¡∫—μ‘§«“¡∑πμàÕ·√ß¥÷ß®–≈¥≈ß ·≈–≈¥≈ß¡“°¢÷Èπ‡¡◊ËÕ‡μ‘¡
·§≈‡ ’́¬¡§“√å∫Õ‡πμ„πª√‘¡“≥∑’Ë¡“°¢÷Èπ‡π◊ËÕß®“°·§≈‡ ’́¬¡§“√å∫Õ‡πμ∑’Ë‡μ‘¡≈ß‰ª„π¬“ß∏√√¡™“μ‘ „πß“π«‘®—¬π’È
¡’Õπÿ¿“§¢π“¥„À≠à®÷ß‡°‘¥°“√°√–®“¬μ—«∑’Ë‰¡à¥’ ®÷ß∑”„Àâ‰¡à‡ √‘¡·√ß„π¬“ß·≈–∑”„Àâ§à“§«“¡∑πμàÕ·√ß¥÷ß¡’
§à“≈¥≈ß „π à«π¢Õßπ“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ‡¡◊ËÕ‡μ‘¡≈ß„π¬“ß∏√√¡™“μ‘¡’·π«‚πâ¡°“√μâ“π·√ß¥÷ß‡æ‘Ë¡ Ÿß¢÷Èπ
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‡π◊ËÕß®“°π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ∑’Ë¡’Õπÿ¿“§¢π“¥‡≈Á° ®÷ß™à«¬„π°“√‡ √‘¡·√ß„Àâ°—∫¬“ß π“‚π·§≈‡´’¬¡
§“√å∫Õ‡πμ∑’Ë„™â„πß“π«‘®—¬π’È¡’æ◊Èπ∑’Ëº‘«®”‡æ“– (BET) 16 m2/g ́ ÷ËßÕ¬Ÿà„π™à«ß§à“æ◊Èπ∑’Ëº‘«®”‡æ“–¢Õß “√μ—«‡μ‘¡
°÷Ëß‡ √‘¡·√ß πÕ°®“°π’Èπ“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ∑’Ë„™â„πß“π«‘®—¬π’È¡’°“√‡§≈◊Õ∫º‘«¥â«¬°√¥‰¢¡—π ´÷Ëß™à«¬
∑”„Àâ‡°‘¥°“√·μ°μ—«‡ªìπÕπÿ¿“§∑’Ë¡’¢π“¥‡≈Á° ·≈–°√–®“¬μ—«‰¥â¥’‡¡◊ËÕπ”¡“º ¡„π¬“ß  àßº≈∑”„Àâ‡°‘¥°“√
‡ √‘¡·√ß„π¬“ß‰¥â¥’ [13, 14] ¡’º≈∑”„Àâ§à“§«“¡∑πμàÕ·√ß¥÷ß¢Õß¬“ß∏√√¡™“μ‘ Ÿß¢÷Èπ ‡¡◊ËÕ¡’°“√‡μ‘¡π“‚π
·§≈‡´’¬¡§“√å∫Õ‡πμ„πª√‘¡“≥∑’Ë¡“°¢÷Èπ

 √ÿªº≈°“√∑¥≈Õß
π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ∑’Ë„™â„π°“√¥”‡π‘π‚§√ß°“√«‘®—¬π’Èπ—Èπ¡’‚§√ß √â“ß∑’Ë¡’°“√‡°“–°—π‡ªìπ

·Õ°°√’‡°μ ·≈–·Õ°°√’‡°μμà“ßÊ ¡“®—∫μ—«°—π‡ªìπ·Õ°‚°≈¡Õ‡√μ π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ¡’¢π“¥
Õπÿ¿“§ª∞¡¿Ÿ¡‘∑’Ë‡≈Á°°«à“·§≈‡´’¬¡§“√å∫Õ‡πμ π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ¡’°“√·μ°μ—«‡ªìπÕπÿ¿“§‡≈Á°Ê
‡π◊ËÕß®“°·√ß‡©◊Õπ„π√–À«à“ß°“√º ¡¬“ß ∑”„Àâ¡’¢π“¥Õπÿ¿“§∑’Ë‡≈Á°≈ß ·≈–¡’°“√°√–®“¬μ—«¥’„π¬“ß
°“√‡μ‘¡π“‚π·§≈‡´’¬¡§“√å∫Õ‡πμ≈ß„π¬“ß∏√√¡™“μ‘π—Èπ π“‚π·§≈‡ ’́¬¡§“√å∫Õ‡πμ∑”Àπâ“∑’Ë‡ªìπ “√μ—«‡μ‘¡
°÷Ëß‡ √‘¡·√ß„Àâ°—∫¬“ß∏√√¡™“μ‘‚¥¬∑”„Àâ§«“¡Àπ◊¥¡Ÿππ’Ë¢Õß¬“ß‡æ‘Ë¡¡“°¢÷Èπ ¬“ß∏√√¡™“μ‘∑’Ë‡μ‘¡π“‚π
·§≈‡´’¬¡§“√å∫Õ‡πμ®–¡’ ¡∫—μ‘‡™‘ß°≈ ‰¥â·°à ¡Õ¥Ÿ≈—  ·≈–§«“¡∑πμàÕ·√ß¥÷ß∑’Ë¥’¢÷Èπ ·≈–¥’°«à“¬“ß
∏√√¡™“μ‘∑’Ë¡’°“√‡μ‘¡·§≈‡´’¬¡§“√å∫Õ‡πμ
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