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The objective of this work was to study the effect of silica (SiO
2
) and calcium carbonate (CaCO

3
)

on compounding torque, mechanical, physical, morphological properties, and swelling behaviour of cellular

natural rubber, using a compression moulding and conventional vulcanisation (CV) system with

oxybisbenzenesulphonylhydrazine (OBSH) as a blowing agent, the moulding cure temperature and time

being 160
o

C and 7 mins respectively. The cellular rubber vulcanisates were characterised with respect

to tensile strength, abrasion resistance, thermal aging, swelling and deswelling behaviours. The results in-

1
Department of Material Engineering, Faculty of Engineering, Kasetsart University, Chatuchak, Bangkok

10900, 
2
Material Technology, School of Energy and Materials, King Mongkul's University of Technology

Thonburi (KMUTT), Tungkru, Bangmod, Bangkok 10140 Thailand.

1

M.Eng. (Materials Technology) Õ“®“√¬å 
 2

π—°»÷°…“√–¥—∫ª√‘≠≠“µ√’ ¿“§«‘™“«‘»«°√√¡«— ¥ÿ §≥–«‘»«°√√¡»“ µ√å ¡À“«‘∑¬“≈—¬

‡°…µ√»“ µ√å ®µÿ®—°√ °√ÿß‡∑æœ 10900    
3

Ph.D. (Polymer Processing and Rheology) √Õß»“ µ√“®“√¬å   “¬«‘™“‡∑§‚π‚≈¬’«— ¥ÿ

§≥–æ≈—ßß“π·≈–«— ¥ÿ  ¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ ‡¢µ∑ÿàß§√ÿ °√ÿß‡∑æœ 10140

Corresponding e-mail : narongrit.som@kmutt.ac.th

√—∫µâπ©∫—∫ 22 °√°Ø“§¡ 2545      √—∫≈ßæ‘¡æå 7 æƒ»®‘°“¬π 2545



Songklanakarin J. Sci. Technol

Vol. 25 No. 1 Jan.-Feb. 2003 76
Effect of fillers on properties of cellular NR

Patcharaphun,  S.,  et al.

dicated that the addition of 20 phr SiO
2
 in the rubber compound was the most preferable for the tensile

strength and abrasion resistance, this being associated with reinforcing effects between the silica and rubber

molecules, which also promoted the swelling resistance in toluene during equilibrium state. In the case of

CaCO
3
 filler, added into the rubber compounds having 20 phr SiO

2 
,  the optimum CaCO

3
 content to main-

tain the overall properties was between 20 and 30 phr.  The CaCO
3
 above 30 phr reduced the tensile and

abrasive properties of the compounds due to the excessive fillers (silica and calcium carbonate) contents

being greater than 50 phr. Addition of CaCO
3
 had no effect on the swelling behaviour of the compounds.

Considering the effect of thermal aging in the SiO
2
 filled rubber compounds, it was observed that the me-

chanical properties of non-filler cellular rubber tended to decrease whereas the swelling resistance increased

with aging, this being due to the desulphuration of the surphur crosslinks. However, the properties of the NR

compounds containing 20 phr SiO
2
 and various contents of CaCO

3
 were unaffected by thermal aging.  In

summary, the recommended mixed fillers contents for SiO
2
 and CaCO

3
 in this work were 20 phr and 20 -

30 phr, respectively.
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∑’Ë¡’µàÕ ¡∫—µ‘¢Õß¬“ß‚ø¡∏√√¡™“µ‘
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ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“Õ‘∑∏‘æ≈¢Õßª√‘¡“≥ “√µ—«‡µ‘¡º ¡√–À«à“ß´‘≈‘°“ (silica; SiO
2
) ·≈–·§≈‡´’¬¡§“√å∫Õ‡πµ

(calcium carbonate; CaCO
3
) ∑’Ë¡’µàÕ ¡∫—µ‘°“√º ¡  ¡∫—µ‘‡™‘ß°≈ °“¬¿“æ·≈–‚§√ß √â“ß®ÿ≈¿“§ √«¡∂÷ßª√‘¡“≥°“√

¥Ÿ¥´—∫‚∑≈ŸÕ’π¢Õß¬“ß∏√√¡™“µ‘∑’Ë¡’≈—°…≥–‚ø¡ (cellular natural rubber) ´÷Ëßºà“π°√–∫«π°“√Õ—¥¢÷Èπ√Ÿª (compres-

sion moulding) „π√–∫∫«—≈§“‰π´å·∫∫∑—Ë«‰ª (conventional vulcanisation; CV) ∑’ËÕÿ≥À¿Ÿ¡‘§ß√Ÿª‡∑à“°—∫ 160
o

C ·≈–

‡«≈“„Àâ¬“ß§ß√Ÿª∑’Ë 7 π“∑’ ·≈–„™â “√æÕßøŸ™π‘¥ oxybisbenzenesulphonylhydrazide (OBSH) º≈°“√∑¥≈Õß æ∫«à“

¬“ß‚ø¡∑’Ëº ¡´‘≈‘°“„πª√‘¡“≥‡∑à“°—∫ 20 phr „Àâ ¡∫—µ‘§«“¡µâ“π∑“πµàÕ·√ß¥÷ß·≈–§«“¡µâ“π∑“πµàÕ°“√¢—¥∂Ÿ Ÿß ÿ¥

Õ¬à“ß‰√°Áµ“¡ ¡∫—µ‘¥—ß°≈à“«¡’·π«‚πâ¡≈¥≈ß‡¡◊ËÕª√‘¡“≥´‘≈‘°“ Ÿß°«à“ 20 phr ·≈–æ∫«à“ª√‘¡“≥°“√¥Ÿ¥´—∫ “√≈–≈“¬

∑’Ë ¿“«– ¡¥ÿ≈¡’§à“≈¥≈ß‡¡◊ËÕª√‘¡“≥´‘≈‘°“‡æ‘Ë¡¢÷Èπ    ”À√—∫„π°√≥’¢Õß¬“ß‚ø¡∑’Ëº ¡´‘≈‘°“„πª√‘¡“≥ 20 phr ·≈–

ª√‘¡“≥¢Õß·§≈‡´’¬¡§“√å∫Õ‡πµ„π™à«ß√–À«à“ß 0 ∂÷ß 30 phr æ∫«à“ ª√‘¡“≥§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡∑’Ë„Àâ ¡∫—µ‘

‡™‘ß°≈‚¥¬√«¡‰¡à‡ª≈’Ë¬π·ª≈ß¡“°π—°Õ¬Ÿà√–À«à“ß 20-30 phr ·≈–‡¡◊ËÕº ¡ª√‘¡“≥·§≈‡´’¬¡§“√å∫Õ‡πµ∑’Ë¡“°°«à“ 30

phr æ∫«à“ ¡∫—µ‘‚¥¬√«¡≈¥≈ß ‡π◊ËÕß®“°„π√–∫∫¡’ª√‘¡“≥ “√µ—«‡µ‘¡¡“°‡°‘π‰ª ( Ÿß°«à“ 50 phr) πÕ°®“°π’È¬—ßæ∫

«à“ª√‘¡“≥¢Õß·§≈‡ ’́¬¡§“√å∫Õ‡πµ∑’Ëº ¡‰¡à àßº≈°√–∑∫µàÕª√‘¡“≥°“√¥Ÿ¥ —́∫ “√≈–≈“¬∑’Ë ¿“«– ¡¥ÿ≈ ‡¡◊ËÕæ‘®“√≥“

Õ‘∑∏‘æ≈¢Õß°“√∫à¡‡√àß¥â«¬§«“¡√âÕπ  æ∫«à“¬“ß‚ø¡∑’Ë¡’́ ‘≈‘°“º ¡„πª√‘¡“≥ 20 phr „Àâ ¡∫—µ‘§«“¡µâ“π∑“πµàÕ·√ß¥÷ß

 ¡∫—µ‘§«“¡µâ“π∑“πµàÕ°“√¢—¥∂Ÿ ·≈–ª√‘¡“≥°“√¥Ÿ¥ —́∫ “√≈–≈“¬∑’Ë ¿“«– ¡¥ÿ≈¥’¢÷Èπ  ·≈–‡√‘Ë¡≈¥≈ß‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥

´‘≈‘°“ Ÿß°«à“ 20 phr ·≈–„π°√≥’¢Õß¬“ß‚ø¡∑’Ë¡’ª√‘¡“≥¢Õß·§≈‡´’¬¡§“√å∫Õ‡πµµà“ßÊ ∑’Ë¡’´‘≈‘°“ 20 phr °“√∫à¡‡√àß

¥â«¬§«“¡√âÕπ‰¡à¡’º≈µàÕ ¡∫—µ‘‚¥¬√«¡¢Õß¬“ß‚ø¡  ‚¥¬ √ÿª º≈ß“π«‘®—¬„Àâ¢âÕ‡ πÕ·π–«à“ ª√‘¡“≥°“√‡µ‘¡´‘≈‘°“

·≈–·§≈‡´’¬¡§“√å∫Õ‡πµ∑’Ë‡À¡“– ¡§◊Õ 20 phr ·≈– 20-30 phr µ“¡≈”¥—∫

¬“ß‚ø¡ (cellular rubber) ‡ªìπº≈‘µ¿—≥±å®“°
¬“ß∏√√¡™“µ‘™π‘¥Àπ÷Ëß∑’Ë‰¥â√—∫°“√æ—≤π“¢÷Èπ¡“‡æ◊ËÕ°“√

„™âß“π„π≈—°…≥–µà“ßÊ ‡™àπ ∑àÕ©π«π¬“ß ª–‡°Áπ ∑ÿàπ≈Õ¬
©π«π°—π°√–·∑°·≈–°—π‡ ’¬ß  √Õß‡∑â“  ∫√√®ÿ¿—≥±å



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 25 ©∫—∫∑’Ë 1 ¡.§.-°.æ. 2546
Õ‘∑∏‘æ≈¢Õßª√‘¡“≥ “√µ—«‡µ‘¡∑’Ë¡’µàÕ ¡∫—µ‘¢Õß¬“ß‚ø¡∏√√¡™“µ‘

 ¡‡®µπå  æ—™√æ—π∏å ·≈–§≥–77

ª√–‡¿∑µà“ßÊ ‡ªìπµâπ ‡π◊ËÕß®“° ¡∫—µ‘§«“¡‡ªìπ©π«π πÈ”
Àπ—°‡∫“ ·≈–¡’§«“¡¬◊¥À¬ÿàπ Ÿß ‚¥¬¿“¬„π‡π◊ÈÕ¬“ß¡’
≈—°…≥–‡ªìπ√Ÿæ√ÿπ „π°√–∫«π°“√º≈‘µ¬“ß‚ø¡ “¡“√∂
∑”‰¥â‚¥¬°“√π” ¬“ß∏√√¡™“µ‘ (natural rubber) À√◊Õ ¬“ß
 —ß‡§√“–Àå (synthetic rubber) ‰ªº ¡°—∫ “√‡µ‘¡·µàß (ad-

ditives) ª√–‡¿∑µà“ßÊ ‡™àπ  “√∑”„Àâ¬“ß§ß√Ÿª (vulcan-

ising agents)  “√µ—«‡√àß (accelerators)  “√°√–µÿâπ‡√àß
(activators)  “√µ—«‡µ‘¡ (fillers) ‡ªìπµâπ ‰¥â‡ªìπ¬“ß
§Õ¡ª“«¥å (rubber compound) ´÷Ëß≈—°…≥–∑’Ë‡ªìπ¬“ß
‚ø¡π—Èπ ‡°‘¥®“°°“√‡µ‘¡ “√æÕßøŸ (blowing agent) ≈ß
‰ª„π¬“ß§Õ¡ª“«¥å   ·≈â«π”¬“ß§Õ¡ª“«¥å∑’Ë‰¥â‰ªºà“π
°√–∫«π°“√§ß√Ÿª¬“ß (vulcanisation) ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß‡æ◊ËÕ
„Àâ‡°‘¥æ—π∏–‡™◊ËÕ¡‚¬ß√–À«à“ß “¬‚´à‚¡‡≈°ÿ≈¢Õß¬“ß ·≈–
 “√æÕßøŸ‡°‘¥°“√ ≈“¬µ—«‡ªìπ°ä“´„Àâ‚§√ß √â“ß∑’Ë‡ªìπ√Ÿæ√ÿπ
¿“¬„π‡π◊ÈÕ¬“ß

®“°°“√»÷°…“ß“π«‘®—¬„πÕ¥’µ æ∫«à“ ‰¥â¡’°“√»÷°…“
Õ‘∑∏‘æ≈¢Õß “√µ—«‡µ‘¡·≈– “√‡µ‘¡·µàßª√–‡¿∑µà“ßÊ ∑’Ë¡’
µàÕ ¡∫—µ‘‡™‘ß°≈   ¡∫—µ‘∑“ß°“¬¿“æ  ·≈– ¡∫—µ‘°“√‰À≈
¢Õß¬“ß ¥—ß‡™àπ ß“π«‘®—¬¢Õß Wang (1982) ‰¥â»÷°…“ªí®®—¬
¢Õß°“√‡°‘¥‚ø¡ §◊Õ ‡«≈“∑’Ë¬“ßÕ¬Ÿà„π√–∫∫ (residence

time) Õÿ≥À¿Ÿ¡‘„π°“√‡°‘¥‚ø¡ (foaming temperature)

·≈–§«“¡‡¢â¡¢âπ¢Õß “√æÕßøŸ ∑’Ë¡’º≈µàÕ§«“¡Àπ“·πàπ
·≈–‚§√ß √â“ß¢Õß¬“ß‚ø¡™π‘¥ ethylene-propylene

diene terpolymer (EPDM) §◊Õ §«“¡Àπ“·πàπ¢Õß‚ø¡
§«“¡Àπ“¢Õß™—Èπº‘«  ¢π“¥√Ÿæ√ÿπ¿“¬„π‚¥¬‡©≈’Ë¬·≈–
®”π«π√Ÿæ√ÿπ∑’Ë‡°‘¥¢÷Èπ ®“°º≈°“√∑¥≈Õßæ∫«à“ ‡¡◊ËÕ‡æ‘Ë¡
Õÿ≥À¿Ÿ¡‘„π°“√‡°‘¥‚ø¡À√◊Õ‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß “√æÕß
øŸ àßº≈„Àâ§«“¡Àπ“·πàπ¢Õß¬“ß‚ø¡·≈–§«“¡Àπ“¢Õß
™—Èπº‘«¡’§à“≈¥≈ß √«¡∂÷ß¢π“¥·≈–ª√‘¡“≥√Ÿæ√ÿπ‚¥¬‡©≈’Ë¬
¡’§à“‡æ‘Ë¡¢÷Èπ Õ¬à“ß‰√°Áµ“¡ Õ‘∑∏‘æ≈¢Õß°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘
„π°“√‡°‘¥‚ø¡®–‰¡à àßº≈µàÕª√‘¡“≥√Ÿæ√ÿπ∑’Ë‡°‘¥¢÷Èπ¡“°π—°
·≈–À“°æ‘®“√≥“Õ‘∑∏‘æ≈¢Õß‡«≈“„π°“√§ß√Ÿª¢Õß¬“ß®–
æ∫«à“‰¡à àßº≈°√–∑∫µàÕ§«“¡Àπ“·πàπ·≈–§«“¡Àπ“¢Õß
™—Èπº‘«µ≈Õ¥®π¢π“¥·≈–ª√‘¡“≥∑’Ë‡°‘¥¢÷Èπ

Ismail ·≈–§≥– (1995) ‰¥â»÷°…“Õ‘∑∏‘æ≈¢Õß
‡°≈◊Õ‰¥Õ–¡’π„π°√¥‰¢¡—π∑’Ë¡’µàÕ ¡∫—µ‘‡™‘ß°≈¢Õß¬“ß
∏√√¡™“µ‘∑’Ëº ¡´‘≈‘°“ ®“°º≈°“√∑¥≈Õß‚¥¬∑—Ë«‰ªæ∫«à“
 ¡∫—µ‘‡™‘ß°≈ ·≈–§«“¡µâ“π∑“πµàÕ°“√∫«¡µ—«¢Õß¬“ß¡’

§à“‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ„™âª√‘¡“≥‡°≈◊Õ‰¥Õ–¡’π„π™à«ß∑’Ë‡À¡“– ¡
√–À«à“ß 5-7 phr ·≈– 1-3 phr µ“¡≈”¥—∫  ∑—Èßπ’È¢÷ÈπÕ¬Ÿà°—∫
°“√°√–®“¬µ—«¢Õß´‘≈‘°“·≈–§«“¡Àπ“·πàπ¢Õßæ—π∏–
‡™◊ËÕ¡‚¬ß Unnikrishnan ·≈–§≥– (1996) ‰¥â»÷°…“∂÷ß
Õ‘∑∏‘æ≈¢Õß “√µ—«‡µ‘¡ª√–‡¿∑‡¢¡à“¥” (carbon black) ·≈–
´‘≈‘°“„πª√‘¡“≥∑’Ë‡∑à“°—π ∑’Ë¡’µàÕæƒµ‘°√√¡°“√¥Ÿ¥´—∫ (ab-

sorption) ·≈–°“√·æ√à (diffusion) ¢Õß “√≈–≈“¬
‰Œ‚¥√§“√å∫Õπ„π¬“ß∏√√¡™“µ‘  º≈°“√∑¥≈Õß‚¥¬∑—Ë«‰ª
æ∫«à“  ¬“ß∑’Ëº ¡ “√µ—«‡µ‘¡ª√–‡¿∑‡¢¡à“¥”¥Ÿ¥´—∫ “√
≈–≈“¬‰¥â„πª√‘¡“≥∑’ËπâÕ¬°«à“¬“ß∑’Ëº ¡ “√µ—«‡µ‘¡ª√–‡¿∑
‘́≈‘°“ ‡π◊ËÕß®“°¡’§«“¡Àπ“·πàπ¢Õßæ—π∏–‡™◊ËÕ¡‚¬ß Ÿß°«à“

πÕ°®“°π’È¬—ßæ∫«à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à (diffusion coef-

ficient) ·ª√º°º—π°—∫‡«≈“„π°“√§ß√Ÿª (cure time) ·≈–
πÈ”Àπ—°‚¡‡≈°ÿ≈ (molar mass) ¢Õß¬“ß °≈à“«§◊Õ À“°‡«≈“
„π°“√§ß√Ÿª À√◊ÕπÈ”Àπ—°‚¡‡≈°ÿ≈¢Õß¬“ß‡æ‘Ë¡¢÷Èπ ®– àßº≈
„Àâª√‘¡“≥°“√¥Ÿ¥´—∫¢Õß “√≈–≈“¬∑’Ë®ÿ¥ ¡¥ÿ≈¡’§à“≈¥≈ß

Sombatsompop ·≈– Lertkamolsin (2000) ‰¥â
»÷°…“Õ‘∑∏‘æ≈¢Õßª√‘¡“≥ “√æÕßøŸª√–‡¿∑ azodicar-

bonamide (ADC) ·≈– oxybisenzenesulphonylhy-

drazide (OBSH) ∑’Ë¡’µàÕ ¡∫—µ‘¢Õß¬“ß‚ø¡ §◊Õ §«“¡
Àπ“·πàπ¢Õßª√‘¡“≥√Ÿæ√ÿπ¿“¬„π¬“ß‚ø¡ §«“¡Àπ“·πàπ
¢Õßæ—π∏–‡™◊ËÕ¡‚¬ß  ¡∫—µ‘§«“¡µâ“π∑“πµàÕ·√ß¥÷ß ·≈–
æƒµ‘°√√¡°“√∫«¡µ—«¢Õß¬“ß‚ø¡ º≈°“√∑¥≈Õß‚¥¬∑—Ë«‰ª
æ∫«à“ §«“¡Àπ“·πàπ¢Õßª√‘¡“≥√Ÿæ√ÿπ¿“¬„π¬“ß‚ø¡¡’
§à“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥¢Õß “√æÕßøŸ ÷́Ëß¬“ß‚ø¡∑’Ë„™â
 “√æÕßøŸª√–‡¿∑ OBSH ¡’Õ‘∑∏‘æ≈µàÕ°“√‡°‘¥ª√‘¡“≥√Ÿ
æ√ÿπ¿“¬„π¡“°°«à“ ADC  àßº≈„Àâ°“√∫«¡µ—«À√◊Õª√‘¡“≥
°“√¥Ÿ¥´—∫ “√≈–≈“¬¡’§à“‡æ‘Ë¡¡“°¢÷Èπ  ·≈–‡¡◊ËÕæ‘®“√≥“
§«“¡Àπ“·πàπ¢Õßæ—π∏–‡™◊ËÕ¡‚¬ßæ∫«à“ ADC  ¡’§«“¡
Àπ“·πàπ¢Õßæ—π∏–‡™◊ËÕ¡‚¬ß¡“°°«à“„π√–∫∫¢Õß OBSH

´÷Ëß°“√‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡Àπ“·πàπ¢Õßæ—π∏–‡™◊ËÕ¡‚¬ß
„π¬“ß‚ø¡¡’º≈¡“®“° 2 ª√–°“√§◊Õ °“√∑’Ëæ—π∏–‡™◊ËÕ¡‚¬ß
∂Ÿ°∑”≈“¬ ·≈–§«“¡√ÿπ·√ß¢Õß√–∫∫«—≈§“‰π´å „π¢≥–∑’Ë
 ¡∫—µ‘§«“¡µâ“π∑“πµàÕ·√ß¥÷ß‰¡àÕ“® √ÿª·π«‚πâ¡∑’Ë™—¥‡®π
‰¥â

Õ¬à“ß‰√°Áµ“¡®–æ∫«à“ß“π«‘®—¬∑’Ë∑”°“√»÷°…“Õ‘∑∏‘æ≈
º ¡¢Õß “√µ—«‡µ‘¡√–À«à“ß 2 ª√–‡¿∑„π¬“ß∏√√¡™“µ‘
¬—ß¡’πâÕ¬¡“°  ¥—ß‡™àπß“π«‘®—¬¢Õß Saad ·≈– Younan



Songklanakarin J. Sci. Technol

Vol. 25 No. 1 Jan.-Feb. 2003 78
Effect of fillers on properties of cellular NR

Patcharaphun,  S.,  et al.

(1995)   ‰¥â»÷°…“Õ‘∑∏‘æ≈¢Õßª√‘¡“≥‡ âπ„¬‰π≈Õπ 6

(short fiber) ∑’Ë¡’µàÕ ¡∫—µ‘°“√‰À≈  ¡∫—µ‘§«“¡µâ“π∑“π
µàÕ·√ß¥÷ß ·≈– ¡∫—µ‘∑“ß‰øøÑ“ ¢Õß¬“ß∏√√¡™“µ‘∑’Ë¡’ à«π
º ¡¢Õß·§≈‡´’¬¡§“√å∫Õ‡πµ„πª√‘¡“≥ 40 phr  ®“°º≈
°“√∑¥≈Õßæ∫«à“ ª√‘¡“≥‡ âπ„¬‰π≈Õπ 6 ‡∑à“°—∫ 25 phr

„Àâ ¡∫—µ‘„π¥â“πµà“ßÊ ‡À¡“– ¡∑’Ë ÿ¥ ·≈–®“°ß“π«‘®—¬¢Õß
Sirisinha ·≈–§≥– (2001) ‰¥â»÷°…“‡°’Ë¬«°—∫Õ‘∑∏‘æ≈¢Õß
 “√µ—«‡µ‘¡º ¡√–À«à“ß  ´‘≈‘°“·≈–‡¢¡à“¥”∑’Ë¡’µàÕ ¡∫—µ‘
°“√‰À≈·≈– ¡∫—µ‘‡™‘ß°≈¢Õß¬“ß‰Õ‚´æ√’π  (isoprene

rubber) ®“°º≈°“√∑¥≈Õßæ∫«à“§à“§«“¡Àπ◊¥‡©◊Õπ (shear

viscosity) ¡’§à“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕª√‘¡“≥¢Õß ‘́≈‘°“‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß
¡“®“°°“√√«¡°≈ÿà¡°—π√–À«à“ßÕπÿ¿“§´‘≈‘°“ ·≈–§à“¡Õ¥Ÿ≈— 
‡©◊Õπ (shear modulus) ¡’§à“‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß¡“®“°º≈°“√
‡ √‘¡·√ß¢Õß´‘≈‘°“ ·≈–‡¡◊ËÕæ‘®“√≥“ ¡∫—µ‘‡™‘ß°≈„π¥â“π
µà“ßÊ  ‚¥¬√«¡ æ∫«à“Õ—µ√“ à«π√–À«à“ß´‘≈‘°“/‡¢¡à“¥”∑’Ë
50/50  ¡’§«“¡‡À¡“– ¡∑’Ë ÿ¥‡π◊ËÕß®“°„Àâ ¡∫—µ‘‡™‘ß°≈‚¥¬
√«¡∑’Ë¥’°«à“°“√„™â´‘≈‘°“À√◊Õ‡¢¡à“¥”‡æ’¬ß™π‘¥‡¥’¬«

ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“Õ‘∑∏‘æ≈¢Õßª√‘¡“≥ “√µ—«
‡µ‘¡º ¡√–À«à“ß´‘≈‘°“·≈–·§≈‡´’¬¡§“√å∫Õ‡πµ  ∑’Ë¡’µàÕ
 ¡∫—µ‘‡™‘ß°≈·≈– ¡∫—µ‘∑“ß°“¬¿“æ¢Õß¬“ß∏√√¡™“µ‘∑’Ë¡’
≈—°…≥–‚ø¡ ‚¥¬ ¡∫—µ‘‡™‘ß°≈∑’Ë∑¥ Õ∫ ‰¥â·°à §«“¡µâ“π∑“π
µàÕ·√ß¥÷ß ·≈–§«“¡µâ“π∑“πµàÕ°“√¢—¥∂Ÿ  „π¢≥–∑’Ë ¡∫—µ‘
∑“ß°“¬¿“æ∑’Ë∑”°“√∑¥ Õ∫§◊Õ§«“¡µâ“π∑“πµàÕ§«“¡√âÕπ
æƒµ‘°√√¡°“√∫«¡µ—«·≈–¬ÿ∫µ—«„π “√≈–≈“¬‚∑≈ŸÕ’π  ‡æ◊ËÕ
„Àâ‡ªìπ·π«∑“ß„π°“√π”‰ª„™â„π‚√ßß“πÕÿµ “À°√√¡
º≈‘µ¿—≥±å¬“ß‚ø¡„π°“√‡æ‘Ë¡ ¡∫—µ‘„π¥â“πµà“ßÊ ¢Õß¬“ß

‚ø¡ Õ’°∑—Èß “¡“√∂≈¥µâπ∑ÿπ°“√º≈‘µ‰¥â µ≈Õ¥®π‡ªìπ°“√
 π—∫ πÿπ°“√æ—≤π“·≈–‡æ‘Ë¡¡Ÿ≈§à“º≈‘µ¿—≥±å®“°¬“ßæ“√“
¢Õßª√–‡∑»‰∑¬µàÕ‰ª„πÕπ“§µ

«— ¥ÿÕÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß

1. «— ¥ÿ·≈– “√‡§¡’

 Ÿµ√¬“ß∑’Ë„™â„πß“π«‘®—¬§√—Èßπ’È· ¥ß√“¬≈–‡Õ’¬¥¥—ß
Table 1

2. Õÿª°√≥å∑’Ë„™âß“π«‘®—¬

Õÿª°√≥å∑’Ë„™â„π°“√‡µ√’¬¡™‘Èπß“π·≈–∑¥ Õ∫ ¡∫—µ‘
¢Õß¬“ß‚ø¡ · ¥ß√“¬≈–‡Õ’¬¥¥—ß Table 2

3. °“√∑¥ Õ∫ ¡∫—µ‘¢Õß¬“ß

3.1 ¢—ÈπµÕπ°“√‡µ√’¬¡™‘Èπß“π¬“ß∑¥ Õ∫

π”¬“ß∏√√¡™“µ‘¡“∫¥¥â«¬‡§√◊ËÕß∫¥º ¡·∫∫ Õß
≈Ÿ°°≈‘Èß (two-roll mill) ∑’Ë¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß‡∑à“°—∫
200 ¡¡. ‡ªìπ‡«≈“ª√–¡“≥ 10 π“∑’ ‚¥¬„™âÕÿ≥À¿Ÿ¡‘≈Ÿ°°≈‘Èß
‡∑à“°—∫ 70 oC ·≈–„™âÕ—µ√“ à«π§«“¡‡√Á«¢Õß≈Ÿ°°≈‘Èß™ÿ¥
Àπâ“·≈–À≈—ß‡∑à“°—∫ 1/1.25 ‡æ◊ËÕ≈¥πÈ”Àπ—°‚¡‡≈°ÿ≈À√◊Õ
§«“¡Àπ◊¥¢Õß¬“ß ‚¥¬„ à¬“ßºà“π≈Ÿ°°≈‘Èß 6 §√—Èß ®“°π—Èπ
®÷ß∑”°“√º ¡ “√‡§¡’·≈– “√µ—«‡µ‘¡„πª√‘¡“≥µà“ßÊ ¥—ß
· ¥ß„π Table 1 ¢≥–∑”°“√∫¥º ¡ ®–„™â¡’¥µ—¥¬“ß (mill-

ing knife) °√’¥·≈–¡â«π¬“ß ®π°√–∑—Ëß “√‡§¡’·≈– “√
µ—«‡µ‘¡‡¢â“°—∫‡π◊ÈÕ¬“ß®π∑—Ë«∂÷ß ‚¥¬„™â‡«≈“„π°“√∫¥º ¡

Table 1. Materials and chemical compositions in parts per hundred rubber (phr)

Materials and Chemicals Grade Trade name and manufacturers Contents (phr)

Natural rubber STR5L SMP Rubber Co., Ltd. 100
Sulfur commercial SMP Rubber Co.,Ltd. 2.5
Stearic acid rubber Acidchem International 2.0
Zinc oxide (ZnO) commercial Zinkoxid aktiv, Bayer Co.,Ltd. 4.0
CBS commercial Vulkacit CZ, Bayer Co.,Ltd 1.5
DPG commercial Vulkacit F, Bayer Co.,Ltd 0.5
Blowing agent (OBSH) commercial Porofor OBSH, Bayer Co.,Ltd. 3.0
SiO

2
Preciptate 255S Silica Co., Ltd 0-40

CaCO
3

Light Siam Calcium Co., Ltd. 0-40



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 25 ©∫—∫∑’Ë 1 ¡.§.-°.æ. 2546
Õ‘∑∏‘æ≈¢Õßª√‘¡“≥ “√µ—«‡µ‘¡∑’Ë¡’µàÕ ¡∫—µ‘¢Õß¬“ß‚ø¡∏√√¡™“µ‘

 ¡‡®µπå  æ—™√æ—π∏å ·≈–§≥–79

ª√–¡“≥ 15 π“∑’  ®“°π—Èπ®÷ßª√—∫™àÕß√–À«à“ß≈Ÿ°°≈‘Èß„Àâ
°«â“ßÕÕ° 3 ¡¡. ‡æ◊ËÕÕ—¥√’¥¬“ß§Õ¡ª“«¥å (unvulcanized

rubber compound) ÕÕ°¡“„Àâ¡’§«“¡Àπ“ 3 ¡¡. ·≈–µ—Èß
¬“ß§Õ¡ª“«¥å∑‘Èß‰«âª√–¡“≥ 12 ™—Ë«‚¡ß °àÕππ”‰ª∑¥ Õ∫
 ¡∫—µ‘°“√‰À≈ (rheological properties) ¢Õß¬“ß§Õ¡ª“«¥å
·≈– ¡∫—µ‘„π¥â“πµà“ßÊ ¢Õß¬“ß«—≈§“‰π´å

3.2 °“√∑¥ Õ∫ ¡∫—µ‘°“√‰À≈¢Õß¬“ß§Õ¡ª“«¥å°àÕπ

°“√«—≈§“‰π´å

3.2.1 °“√∑¥ Õ∫§à“§«“¡Àπ◊¥¢Õß¬“ß°àÕπ∑’Ë®–∑”

°“√∫¥·≈–À≈—ß∑”°“√∫¥

∑”°“√µ—¥¬“ß°àÕπ∑’Ë®–∑”°“√∫¥·≈–À≈—ß
®“°∑’Ë∑”°“√∫¥·≈â« 10 π“∑’ Õ¬à“ß≈– 2 ™‘Èπ„Àâ¡’¢π“¥
‡ âπºà“π»Ÿπ¬å°≈“ß«ß°≈¡ª√–¡“≥ 44.5 ¡¡. ·≈–‡®“–√Ÿ
µ√ß°≈“ß ‚¥¬„Àâª√‘¡“µ√¢Õß¬“ß§Õ¡ª“«¥å∑—Èß Õß™‘Èπ√«¡
°—πª√–¡“≥ 25 ≈∫.´¡. ‡æ◊ËÕπ”‰ª∑¥ Õ∫§«“¡Àπ◊¥¢Õß
¬“ß ‚¥¬„™â‡§√◊ËÕß Mooney viscometer ∑’Ë¡’¢π“¥‡ âπ
ºà“π»Ÿπ¬å°≈“ß®“πÀ¡ÿπ‡∑à“°—∫ 38.10 ± 0.03 ¡¡. ¥â«¬
§«“¡‡√Á«√Õ∫„π°“√À¡ÿπ 2 ± 0.02 √Õ∫/π“∑’  ·≈–„™â
Õÿ≥À¿Ÿ¡‘„π°“√∑¥ Õ∫‡∑à“°—∫ 100 oC ´÷Ëß„π°“√∑¥ Õ∫
¬“ß§Õ¡ª“«¥å®–‰¥â√—∫§«“¡√âÕπ 1 π“∑’  °àÕπ‡√‘Ë¡À¡ÿπ
®“π‚≈À–  ‚¥¬∑”°“√Õà“π§à“§«“¡Àπ◊¥ Mooney ∑’Ë‡«≈“
4 π“∑’   ‚¥¬¬“ß∏√√¡™“µ‘∑’Ëºà“π°“√∫¥·≈â« 10 π“∑’
§à“§«“¡Àπ◊¥  Mooney  ≈¥≈ß®“° 77.19 ML 1 + 4

(100 o C) ‡ªìπ 42.33  ML 1 + 4 (100 oC)

3.2.2 ∑¥ Õ∫§«“¡Àπ◊¥¢Õß¬“ß§Õ¡ª“«¥å°àÕπ

°“√«—≈§“‰π ǻ
π”¬“ß§Õ¡ª“«¥å∑’Ë¡’ª√‘¡“≥ ‘́≈‘°“·≈–·§≈-

‡ ’́¬¡§“√å∫Õ‡πµµà“ßÊ °—π ‰ª∑¥ Õ∫§«“¡Àπ◊¥¢Õß¬“ß ‚¥¬
„™â‡§√◊ËÕß Mooney viscometer ´÷Ëß¡’À≈—°°“√·≈–¢—ÈπµÕπ
°“√¥”‡π‘πß“π¥—ß∑’Ë°≈à“«‰«â·≈â«¢â“ßµâπ

3.2.3 °“√∑¥∑¥ Õ∫À“Õÿ≥À¿Ÿ¡‘·≈–‡«≈“§ß√Ÿª

¢Õß¬“ß§Õ¡ª“«¥å∑’Ë‡À¡“– ¡

∑”°“√µ—¥¬“ß§Õ¡ª“«¥å¥—ß°≈à“« „Àâ‡ªìπ√Ÿª
 ’Ë‡À≈’Ë¬¡¢π“¥ª√–¡“≥ 5 × 5 ´¡. ‡æ◊ËÕπ”‰ª∑¥ Õ∫À“
Õÿ≥À¿Ÿ¡‘·≈–‡«≈“§ß√Ÿª¢Õß¬“ß§Õ¡ª“«¥å∑’Ë‡À¡“– ¡ ‚¥¬
„™â‡§√◊ËÕß oscillating disk rheometer (ODR) ‡æ◊ËÕÀ“
‡«≈“∑’Ë¬“ß ÿ°‡À¡“– ¡ (optimum cure) ∑’ËÕÿ≥À¿Ÿ¡‘°“√
∑¥ Õ∫‡∑à“°—∫ 160 oC  ‡ªìπ‡«≈“ 20 π“∑’ ‚¥¬æ‘®“√≥“
®“°‡ âπ°√“ø°“√‰À≈ ·≈–∑”°“√‡≈◊Õ°§à“·√ß∫‘¥∑’Ë 90%

(T
90

)  ®“°π—Èπµ’‡ âπ¢π“π°—∫·°π‡«≈“‡æ◊ËÕÀ“§à“‡«≈“∑’Ë
„™â„π°√–∫«π°“√Õ—¥¢÷Èπ√Ÿª∑’Ë 90% (T

90
)  ́ ÷Ëß‰¥â§à“ª√–¡“≥

7 π“∑’
3.3 °“√∑¥ Õ∫ ¡∫—µ‘¢Õß¬“ß«—≈§“‰π´å

3.3.1 °“√∑¥ Õ∫ ¡∫—µ‘‡™‘ß°≈¢Õß¬“ß«—≈§“‰π ǻ

1) °“√∑¥ Õ∫ ¡∫—µ‘§«“¡µâ“π∑“π·√ß¥÷ß

¢Õß¬“ß«—≈§“‰π ǻ

°“√‡µ√’¬¡™‘Èπß“π¬“ß«—≈§“‰π ǻ ”À√—∫
°“√∑¥ Õ∫ ¡∫—µ‘§«“¡µâ“π∑“π·√ß¥÷ß  ‚¥¬π”¬“ß§Õ¡-

Table 2. Instruments for mechanical and physical testings

         Instruments                 Model

Hydraulic press Daina HD-30
Two-roll mill Kodair seisakusho R11-3FF
Vulcanizing press WABASH  V75H-18-BPX
Compress air sample cutting Dumbbell
Geers rubber aging oven Ueshima 900626
Mooney viscometer TECHPRO-visTECH  123103
Rhoemeter : rotor type TECHPRO-rheoTECH 121105
Tensile testing machine Instron 1011
Scanning electron microscope JSM-5900LV
Abrasion testing machine Hampden APH-40
Precise weighing density balance GT-125A
Thickness gauge SAGInoMIYA
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ª“«¥å∑’Ë¡’ª√‘¡“≥´‘≈‘°“·≈–·§≈‡´’¬¡§“√å∫Õ‡πµµà“ßÊ °—π
∑’Ë∂Ÿ°√’¥‡ªìπ·ºàπÀπ“ 3 ¡¡. ¡“µ—¥‡ªìπ·ºàπ¢π“¥ 11.2 ×

12.8 ́ ¡. „ à„π·¡àæ‘¡æå 4 ™‘Èπ ‚¥¬„™â°√–∫«π°“√Õ—¥¢÷Èπ√Ÿª
∑’ËÕÿ≥À¿Ÿ¡‘ 160 oC ·≈–„™â§«“¡¥—π„π°“√Õ—¥¢÷Èπ√Ÿª‡∑à“°—∫
500 °‘‚≈π‘«µ—π/µ√.¡¡.  ‡«≈“∑’Ë„™â„π°“√Õ—¥¢÷Èπ√Ÿª‡∑à“°—∫
7 π“∑’ ·ºàπ™‘Èπß“π¬“ß«—≈§“‰π´å∑’Ë‰¥â®–¡’¢π“¥ 14 × 16

´¡. Àπ“ 2 ¡¡.  ·≈–π”‰ªµ—¥¥â«¬‡§√◊ËÕßµ—¥µ—«Õ¬à“ß¬“ß
·∫∫„™â°”≈—ß≈¡ (compress air sample cutting) ∑’Ë¡’À—«¥“¬
‡ªìπ√Ÿª¥—¡‡∫≈≈å   ‡æ◊ËÕπ”‰ª∑¥ Õ∫ ¡∫—µ‘§«“¡µâ“π∑“π
·√ß¥÷ßµ“¡¡“µ√∞“π ISO R 37 -1968 ∑’ËÕ—µ√“‡√Á«„π°“√
∑¥ Õ∫ 500 ¡¡./π“∑’

2) °“√∑¥ Õ∫ ¡∫—µ‘§«“¡µâ“π∑“πµàÕ°“√

¢—¥∂Ÿ¢Õß¬“ß«—≈§“‰π ǻ

°“√‡µ√’¬¡™‘Èπß“π¬“ß«—≈§“‰π ǻ ”À√—∫
°“√∑¥ Õ∫ ¡∫—µ‘§«“¡µâ“π∑“πµàÕ°“√¢—¥∂Ÿ ‚¥¬π”¬“ß
§Õ¡ª“«¥å∑’Ë√’¥‡ªìπ·ºàπ¡“¡â«π„Àâ‡ªìπ∑√ß°√–∫Õ°‡ âπºà“π
»Ÿπ¬å°≈“ßª√–¡“≥ 1.0 ´¡. ·≈â«π”‰ªµ—¥‡ªìπ 6 ™‘Èπ‚¥¬
∑”°“√™—Ëß™‘Èπ≈– 1.7 °√—¡  ®“°π—Èππ”‰ªÕ—¥¢÷Èπ√Ÿª‚¥¬„™â
‡§√◊ËÕßÕ—¥¬“ß§ß√Ÿª∑’Ë§«“¡¥—π 1.5 °‘‚≈π‘«µ—π/µ√.´¡. ∑’Ë
Õÿ≥À¿Ÿ¡‘ 160 oC ‡«≈“∑’Ë„™â„π°“√Õ—¥¢÷Èπ√Ÿª‡∑à“°—∫ 7 π“∑’
™‘Èπß“πµ—«Õ¬à“ß∑’Ë‰¥â®–¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 17.0 ¡¡.
·≈–Àπ“ 9.7 ¡¡. ®“°π—Èππ”™‘Èπß“π¬“ß«—≈§“‰π´å‰ª™—Ëß
πÈ”Àπ—°·≈–À“ª√‘¡“µ√‚¥¬„™â‡§√◊ËÕß«—¥§«“¡∂à«ß®”‡æ“–
¢Õß¬“ß ‡æ◊ËÕÀ“§à“§«“¡Àπ“·πàπ®“° ¡°“√∑’Ë 1

D =
m
V

(1)

‡¡◊ËÕ D §◊Õ §«“¡Àπ“·πàπ (mg/mm3)

m §◊Õ πÈ”Àπ—°‡√‘Ë¡µâπ (mg)

V §◊Õ ª√‘¡“µ√ (mm3)

π”™‘Èπß“π‰ª∑¥ Õ∫§«“¡µâ“π∑“πµàÕ
°“√¢—¥∂Ÿ (abrasion test)  µ“¡¡“µ√∞“π DIN 53516 ·√ß
∑’Ë„™â„π°“√°¥ ‡∑à“°—∫ 12.5 π‘«µ—π ∑’Ë§«“¡‡√Á«„π°“√¢—¥∂Ÿ
(abrasion speed) ‡∑à“°—∫ 0.32 ¡./«‘π“∑’ ·≈–π”™‘Èπß“π
¡“™—ËßÀ“πÈ”Àπ—° ÿ¥∑â“¬   ‡æ◊ËÕπ”‰ª§”π«≥À“πÈ”Àπ—°∑’Ë
 Ÿ≠‡ ’¬ ( m)  ·≈–§à“ª√‘¡“µ√°“√ Ÿ≠‡ ’¬‡π◊ÈÕ¬“ß (volume

loss) ®“° ¡°“√∑’Ë 2 ·≈– 3

         m = Original  mass - Final mass   (2)

Volume loss  = ∆m
D

  (3)

3.3.2 °“√∑¥ Õ∫ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß¬“ß«—≈-

§“‰π´å

1) °“√∑¥ Õ∫æƒµ‘°√√¡°“√∫«¡µ—«·≈–

°“√¬ÿ∫µ—«„π‚∑≈ŸÕ’π

∑”°“√∑¥ Õ∫µ“¡«‘∏’ sorption method

‚¥¬π”·ºàπ¬“ß«—≈§“‰π ǻ∑’Ëºà“π°“√Õ—¥¢÷Èπ√Ÿª‡ªìπ·ºàπ¡“
µ—¥‡ªìπ™‘Èπ∑¥ Õ∫¢π“¥ °«â“ß 2 ́ ¡. ¬“« 2 ́ ¡. ·≈–Àπ“
3 ¡¡. ®”π«π 3 ™‘Èπ„π·µà≈– Ÿµ√ ™—ËßπÈ”Àπ—°·≈–π”‰ª·™à
„π‚∑≈ŸÕ’π  ‡æ◊ËÕ„Àâ‡°‘¥°“√∫«¡µ—« ·≈–™—ËßπÈ”Àπ—°¢Õß¬“ß
‚ø¡∑’Ë·™à„π‚∑≈ŸÕ’π ∑’Ë‡«≈“µà“ßÊ °—π∑ÿ° 3 ™—Ë«‚¡ß ®π‰¡à‡°‘¥
°“√‡ª≈’Ë¬π·ª≈ß∑“ß¥â“ππÈ”Àπ—°À√◊Õ‡¢â“ Ÿà®ÿ¥Õ‘Ë¡µ—« (equi-

librium)  à«π„π°√≥’¢Õß°“√∑¥ Õ∫æƒµ‘°√√¡°“√¬ÿ∫µ—«
∑”‰¥â‚¥¬ π”¬“ß∑’Ëºà“π°“√·™à„π‚∑≈ŸÕ’π ®π°√–∑—ËßÕ‘Ë¡µ—«
 ¡∫Ÿ√≥å·≈â«  ¡“™—ËßπÈ”Àπ—°·≈–π”‰ª«“ß„π∫√‘‡«≥∑’Ë¡’
Õ“°“»∂à“¬‡∑ ≥ Õÿ≥À¿Ÿ¡‘ÀâÕß  ‡æ◊ËÕ„Àâ‡°‘¥°“√√–‡À¬‰ª
¢Õß‚∑≈ŸÕ’π ·≈–™—ËßπÈ”Àπ—°¢Õß¬“ß‚ø¡∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª
‡π◊ËÕß®“°°“√¬ÿ∫µ—« ≥ ‡«≈“µà“ßÊ ∑ÿ° 1 ™—Ë«‚¡ß  ‚¥¬∑’Ë„π
™à«ß 1 ™—Ë«‚¡ß·√° ®–∑”°“√™—ËßπÈ”Àπ—°∑ÿ° 15 π“∑’ ‡æ√“–
πÈ”Àπ—°¢Õß¬“ß≈¥≈ßÕ¬à“ß√«¥‡√Á«  ®π°√–∑—Ëß¬“ß‰¡à‡°‘¥
°“√‡ª≈’Ë¬π·ª≈ß∑“ß¥â“ππÈ”Àπ—°À√◊Õ‡¢â“ Ÿà ¿“æ‡¥‘¡ ‚¥¬
°“√·∑√°´÷¡À√◊Õ°“√À“¬‰ª¢Õßµ—«∑”≈–≈“¬∑’Ë‡«≈“µà“ßÊ
°—π (Q

t
)  “¡“√∂À“‰¥â®“° ¡°“√∑’Ë 4 (Sombatsompop,

1998)

   Qt =

Wα −− W
0

W0







MW

××100  (4)

‡¡◊ËÕ Qt §◊Õ ‡ªÕ√å‡ Á́πµå°“√‡æ‘Ë¡¢÷Èπ¢ÕßπÈ”Àπ—°¢Õß¬“ß
∑’Ë‡«≈“µà“ßÊ °—π

W
0

§◊Õ πÈ”Àπ—°¢Õß™‘Èπß“π∑’Ë·Àâß
Wα §◊Õ πÈ”Àπ—°¢Õß™‘Èπß“π∑’Ë‡°‘¥°“√∫«¡ (À√◊Õ°“√

¬ÿ∫µ—«)
MW §◊Õ πÈ”Àπ—°‚¡‡≈°ÿ≈¢Õßµ—«∑”≈–≈“¬
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2) °“√∑¥ Õ∫§«“¡µâ“π∑“πµàÕ§«“¡√âÕπ

(thermal aging resistance)

∑”°“√∑¥ Õ∫µ“¡¡“µ√∞“π ASTM D

573-78 ‚¥¬°“√π”™‘Èπß“π∑¥ Õ∫ ‡¢â“µŸâÕ∫ ”À√—∫∫à¡‡√àß
¬“ß (rubber aging oven) ∑’ËÕÿ≥À¿Ÿ¡‘ 100 oC ‡ªìπ‡«≈“
22 ™—Ë«‚¡ß ®“°π—Èπ®÷ßπ”™‘Èπß“π∑’Ëºà“π°“√∫à¡‡√àß¥â«¬§«“¡
√âÕπ ·≈â«‰ª∑¥ Õ∫ ¡∫—µ‘‡™‘ß°≈„π¥â“πµà“ßÊ ·≈–æƒµ‘°√√¡
°“√∫«¡µ—«·≈–°“√¬ÿ∫µ—«„π‚∑≈ŸÕ’π ‡™àπ‡¥’¬«°—π

º≈·≈–°“√«‘‡§√“–Àåº≈°“√∑¥≈Õß

1. Õ‘∑∏‘æ≈¢Õßª√‘¡“≥´‘≈‘°“∑’Ë¡’µàÕ ¡∫—µ‘¢Õß¬“ß‚ø¡

‡¡◊ËÕæ‘®“√≥“§à“§«“¡Àπ◊¥ Mooney ·≈–‡«≈“∑’Ë‰¥â
®“°‡§√◊ËÕß Mooney viscometer ¢Õß¬“ß§Õ¡ª“«¥å∑’Ë
º ¡´‘≈‘°“„πª√‘¡“≥µà“ßÊ °—π ¥—ß· ¥ß„π Figure 1 æ∫
«à“  ‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥´‘≈‘°“„π¬“ß§Õ¡ª“«¥å   àßº≈„Àâ§à“
§«“¡Àπ◊¥ Mooney ¡’§à“ Ÿß¢÷Èπ ‡π◊ËÕß®“°´‘≈‘°“‡ªìπ “√
µ—«‡µ‘¡ª√–‡¿∑‡ √‘¡·√ß (Blow and Hepburn, 1982;

Sirisinha et al., 2001) ‡¡◊ËÕ°√–®“¬Õ¬Ÿà„π¬“ß§Õ¡ª“«¥å
®÷ß∑”„Àâ§«“¡Àπ◊¥¢Õß¬“ß§Õ¡ª“«¥å‡æ‘Ë¡ Ÿß¢÷Èπ „π¢≥–∑’Ë
¬“ß§Õ¡ª“«¥å∑’Ë¡’ª√‘¡“≥´‘≈‘°“‡∑à“°—∫ 60 ·≈– 80 phr

§à“§«“¡Àπ◊¥ Mooney ∑’Ë‰¥â¡’§à“ Ÿß¡“°  àßº≈„Àâ§«“¡

 “¡“√∂„π°“√º ¡¬“ß (mixability) „π¬“ß§Õ¡ª“«¥å≈¥
≈ßÕ¬à“ß¡“°  ‡π◊ËÕß®“°´‘≈‘°“‰¡à “¡“√∂·∑√°µ—«‡¢â“‰ªÕ¬Ÿà
¿“¬„π‡π◊ÈÕ¬“ß‰¥â·µà‡°‘¥°“√√«¡°≈ÿà¡°—π‡ªìπ°âÕπ (agglom-

erate) (Hofmann, 1988) ∑”„ÀâµâÕß„™â‡«≈“„π°“√∫¥
º ¡π“π¢÷Èπ·≈–Õÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ®“°°“√∫¥º ¡π’È
Õ“®∑”„Àâ¬“ß§Õ¡ª“«¥å¡’πÈ”Àπ—°‚¡‡≈°ÿ≈≈¥≈ß·≈–Õ“®°àÕ„Àâ
‡°‘¥°“√ ÿ°¢Õß¬“ß°àÕπ‡«≈“ (premature crosslink) ¥—ßπ—Èπ
®÷ß‰¡à “¡“√∂π”¬“ß§Õ¡ª“«¥å∑’Ë¡’ª√‘¡“≥´‘≈‘°“‡∑à“°—∫ 60

·≈–  80 phr  ¡“ºà“π°√–∫«π°“√§ß√Ÿª‡æ◊ËÕ¢÷Èπ√Ÿª‡ªìπ
™‘Èπß“π∑¥ Õ∫ ¡∫—µ‘ ‰¥â

‡¡◊ËÕπ”™‘Èπß“π¬“ß«—≈§“‰π´å‰ª∑¥ Õ∫ ¡∫—µ‘§«“¡
µâ“π∑“π·√ß¥÷ß·≈–§«“¡µâ“π∑“πµàÕ°“√¢—¥∂Ÿ¢Õß¬“ß‚ø¡
∑’Ëº ¡ª√‘¡“≥´‘≈‘°“µà“ßÊ °—π ¥—ß· ¥ß„π Figure 2 æ∫«à“
‡¡◊ËÕº ¡ª√‘¡“≥´‘≈‘°“„π¬“ß‚ø¡‡∑à“°—∫ 20 phr §à“§«“¡
‡§âπ¥÷ß Ÿß ÿ¥ (stress at maximum load) ¢Õß¬“ß‚ø¡¡’
§à“‡æ‘Ë¡¢÷Èπ·≈–ª√‘¡“µ√°“√ Ÿ≠‡ ’¬‡π◊ÈÕ¬“ß‚ø¡ (abrasion

volume loss) ¡’§à“≈¥≈ß  ÷́Ëß‡ªìπº≈¡“®“°°“√∑’Ë ‘́≈‘°“
‡ªìπ “√µ—«‡µ‘¡ª√–‡¿∑‡ √‘¡·√ß  (reinforcing  filler)

(Hofmann, 1988) ∑”„Àâ§«“¡·¢Áß·√ß¢Õß‡π◊ÈÕ¬“ß‡æ‘Ë¡¢÷Èπ
„π¢≥–∑’Ë‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥´‘≈‘°“®π∂÷ß 40 phr æ∫«à“§à“
§«“¡‡§âπ¥÷ß Ÿß ÿ¥¢Õß¬“ß‚ø¡¡’§à“≈¥≈ß  ·≈–¡’ª√‘¡“µ√
°“√ Ÿ≠‡ ’¬‡π◊ÈÕ¬“ß‡æ‘Ë¡¡“°¢÷Èπ ‡π◊ËÕß®“°Õπÿ¿“§¢Õß ‘́≈‘°“

Figure 1. Mooney viscosity of unvulcanized rub-

ber compound of different SiO
2
 contents

Figure 2. Tensile and abrasive curves of cellular NR

vulcanisates of different SiO
2
 contents
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≥ §«“¡‡¢â¡¢âππ’È‰¡à·¬°°—πÕ¬ŸàÕ¬à“ß‡ªìπÕ‘ √–·µà‡°‘¥°“√
√«¡°≈ÿà¡°—π‡ªìπ°âÕπ ‰¡à “¡“√∂°√–®“¬µ—«¿“¬„π‡π◊ÈÕ¬“ß
‰¥âÕ¬à“ß∑—Ë«∂÷ß  àßº≈„Àâª√– ‘∑∏‘¿“æ„π°“√‡ √‘¡·√ß¿“¬„π
‡π◊ÈÕ¬“ß≈¥µË”≈ß ´÷Ëß‡ªìπ‡Àµÿ„Àâ§«“¡µâ“π∑“πµàÕ·√ß¥÷ß
·≈–§«“¡µâ“π∑“πµàÕ°“√¢—¥∂Ÿ¡’§à“≈¥≈ß

À“°æ‘®“√≥“≈—°…≥–√Ÿæ√ÿπ¿“¬„π¢Õß¬“ß‚ø¡∑’Ë
º ¡ ‘́≈‘°“„πª√‘¡“≥µà“ßÊ °—π  ́ ÷Ëß∂à“¬¥â«¬°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ (Scanning Electron Micro-

scope; SEM) ∑’Ë°”≈—ß¢¬“¬ 70 ·≈– 170 ‡∑à“ ¥—ß· ¥ß„π
Figure 3 æ∫«à“¬“ß‚ø¡∑’Ë‰¡à¡’°“√º ¡´‘≈‘°“ (Figure 3a

·≈– 3b) √Ÿæ√ÿπ∑’Ë‡°‘¥¢÷Èπ¡’ª√‘¡“≥¡“° ´÷Ëß∑”„Àâ‡π◊ÈÕ¬“ß¡’
§«“¡Àπ“·πàπÀ√◊Õ¡’æ◊Èπ∑’Ë„π°“√√—∫·√ß≈¥πâÕ¬≈ß  àßº≈„Àâ

§«“¡µâ“π∑“πµàÕ·√ß¥÷ß¡’§à“µË”°«à“‡¡◊ËÕ‡∑’¬∫°—∫¬“ß‚ø¡∑’Ë
¡’ ‘́≈‘°“‡∑à“°—∫ 20 phr (Figure 3c ·≈– 3d) „π¢≥–∑’Ë
À“°æ‘®“√≥“≈—°…≥–¢Õß√Ÿæ√ÿπ¿“¬„π¬“ß‚ø¡∑’Ë¡’ª√‘¡“≥
´‘≈‘°“‡∑à“°—∫ 40 phr (Figure 3e ·≈– 3f) æ∫«à“ ª√‘¡“≥
√Ÿæ√ÿπ∑’Ë‡°‘¥¢÷Èπ¡’πâÕ¬°«à“ ∑—Èßπ’È‡π◊ËÕß¡“®“°§«“¡Àπ◊¥¢Õß
¬“ß∑’Ë‡æ‘Ë¡¡“°¢÷Èπ  àßº≈„Àâ°“√‡°‘¥√Ÿæ√ÿπ‡ªìπ‰ª‰¥â¬“° ·≈–
°“√∑’Ë¬“ß‚ø¡¡’§à“§«“¡µâ“π∑“πµàÕ·√ß¥÷ß≈¥≈ßÕ¬à“ß¡“°
‡π◊ËÕß®“°‡°‘¥°“√√«¡°≈ÿà¡°—π‡ªìπ°âÕπ¢Õß´‘≈‘°“¡“°°«à“∑’Ë
20 phr ¥—ß· ¥ß„π¿“æ∂à“¬®“° SEM ∑’Ë°”≈—ß¢¬“¬ 170

‡∑à“ (Figure 3d ·≈– 3f) ∑”„Àâ§«“¡ “¡“√∂„π°“√°√–®“¬
µ—«¢Õß ‘́≈‘°“¿“¬„π‡π◊ÈÕ¬“ß≈¥µË”≈ß   àßº≈„Àâ§«“¡µâ“π∑“π
µàÕ·√ß¥÷ß·≈–§«“¡µâ“π∑“πµàÕ°“√¢—¥∂Ÿ¡’§à“≈¥≈ß

Figure 3. SEM micrograph of cellular NR vulcanisates containing different SiO
2
 contents : (a) 0 phr (××××× 70),

(b) 0 phr (××××× 170), (c) 20 phr (××××× 70), (d) 20 phr (××××× 170), (e) 40 phr (××××× 70) and (f) 40 phr (××××× 170)

(a) (b)

(c) (d)

(e) (f)
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‡¡◊ËÕπ”¬“ß‚ø¡∑’Ëº ¡ª√‘¡“≥´‘≈‘°“µà“ßÊ °—π ‰ª
∑¥ Õ∫æƒµ‘°√√¡°“√∫«¡µ—«·≈–°“√¬ÿ∫µ—«„π‚∑≈ŸÕ’π ´÷Ëß
· ¥ß„π Figure 4 æ∫«à“Õ—µ√“°“√∫«¡µ—« (swelling rate)

„π “√≈–≈“¬°àÕπ‡¢â“ Ÿà ¿“«– ¡¥ÿ≈  ·≈–Õ—µ√“°“√¬ÿ∫µ—«
(deswelling rate) ¿“¬À≈—ß ¿“«– ¡¥ÿ≈¡’§à“„°≈â‡§’¬ß°—π
· ¥ß„Àâ‡ÀÁπ«à“ª√‘¡“≥ “√µ—«‡µ‘¡ª√–‡¿∑´‘≈‘°“‰¡à¡’Õ‘∑∏‘æ≈
µàÕÕ—µ√“°“√∫«¡µ—«·≈–°“√¬ÿ∫µ—«¢Õß¬“ß‚ø¡ Õ¬à“ß‰√°Áµ“¡
À“°æ‘®“√≥“ª√‘¡“≥°“√¥Ÿ¥´—∫‚∑≈ŸÕ’π  ‡¡◊ËÕ‡¢â“ Ÿà ¡¥ÿ≈
(equilibium state) æ∫«à“‡¡◊ËÕª√‘¡“≥´‘≈‘°“‡æ‘Ë¡¡“°¢÷Èπ
®–¡’ª√‘¡“≥°“√¥Ÿ¥´—∫‚∑≈ŸÕ’π À√◊Õ°“√∫«¡µ—«≈¥≈ß‡π◊ËÕß
®“°ª√‘¡“≥√Ÿæ√ÿπ∑’Ë≈¥≈ß  ·≈–´‘≈‘°“∑”Àπâ“∑’Ë¬÷¥‡Àπ’Ë¬«
 “¬‚ à́‚¡‡≈°ÿ≈¢Õß¬“ß‰«â   àßº≈„Àâ‚∑≈ŸÕ’π·∑√°µ—«‡¢â“‰ª„π
 “¬‚´à‚¡‡≈°ÿ≈¢Õß¬“ß‰¥â≈¥≈ß (Unnikrishnan et al.,

1996)  ·≈–À“°æ‘®“√≥“ª√– ‘∑∏‘¿“æ¢Õß°“√≈¥°“√∫«¡
µ—«„π‚∑≈ŸÕ’π¢Õß¬“ß‚ø¡∑’Ë¡’ª√‘¡“≥´‘≈‘°“‡∑à“°—∫ 20 ·≈–
40 phr  ‡ª√’¬∫‡∑’¬∫°—π  ‚¥¬°“√æ‘®“√≥“®“°°“√≈¥≈ß
¢Õßª√‘¡“≥°“√¥Ÿ¥´—∫‚∑≈ŸÕ’π ‡¡◊ËÕ‡¢â“ Ÿà ¡¥ÿ≈‡¡◊ËÕ‡∑’¬∫°—∫
¬“ß‚ø¡∑’Ë‰¡à¡’°“√º ¡´‘≈‘°“  æ∫«à“¬“ß‚ø¡∑’Ëº ¡ ‘́≈‘°“
‡∑à“°—∫ 20 phr  ¡’·π«‚πâ¡∑’Ë„Àâª√– ‘∑∏‘¿“æ„π°“√‡ √‘¡
·√ß‰¥â¥’°«à“∑’Ë 40 phr ‚¥¬æ‘®“√≥“ª√‘¡“≥°“√≈¥≈ß¢Õß

°“√∫«¡µ—«¢Õß™‘Èπß“π¥â«¬°“√‡µ‘¡ ‘́≈‘°“®“° 0-20 ´÷Ëß
¡“°°«à“„π°√≥’¢Õß°“√‡µ‘¡®“° 20-40 phr  Õ¬à“ß‰√°Áµ“¡
æ∫«à“¬“ß‚ø¡∑’Ëº ¡´‘≈‘°“‡∑à“°—∫ 40 phr ®–¡’ª√‘¡“≥°“√
¥Ÿ¥´—∫‚∑≈ŸÕ’π ‡¡◊ËÕ‡¢â“ Ÿà ¡¥ÿ≈πâÕ¬°«à“ ∑—Èßπ’È‡π◊ËÕß¡“®“°
¬“ß‚ø¡∑’Ëº ¡ ‘́≈‘°“‡∑à“°—∫ 40 phr ¡’ª√‘¡“≥‡π◊ÈÕ¬“ß∑’Ë
πâÕ¬°«à“·≈–Õπÿ¿“§ ‘́≈‘°“∑’Ëº ¡‡æ‘Ë¡¡“°¢÷Èππ—Èπ‰¡à‰¥â‡°‘¥
°“√∫«¡µ—«„π “√≈–≈“¬

®“°º≈°“√∑¥≈Õß∑’Ëºà“π¡“ “¡“√∂ √ÿª‰¥â«à“ ¬“ß
‚ø¡∑’Ëº ¡´‘≈‘°“„πª√‘¡“≥‡∑à“°—∫ 20 phr „Àâ ¡∫—µ‘§«“¡
µâ“π∑“πµàÕ·√ß¥÷ß·≈–§«“¡µâ“π∑“πµàÕ°“√¢—¥∂Ÿ Ÿß ÿ¥  Õ’°
∑—Èß¬—ß‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√‡ √‘¡·√ßÀ√◊Õ≈¥°“√∫«¡µ—«
‰¥â¥’ ¥—ßπ—Èπ®÷ßπ”¬“ß‚ø¡∑’Ë¡’´‘≈‘°“„πª√‘¡“≥ 20 phr ‰ª
∑”°“√∑¥≈Õß‡æ◊ËÕÀ“Õ‘∑∏‘æ≈¢Õßª√‘¡“≥·§≈‡ ’́¬¡§“√å∫Õ-
‡πµ ∑’Ë¡’µàÕ ¡∫—µ‘¢Õß¬“ß‚ø¡µàÕ‰ª

2. Õ‘∑∏‘æ≈¢Õßª√‘¡“≥·§≈‡´’¬¡§“√å∫Õ‡πµ∑’Ë¡’µàÕ ¡∫—µ‘

¢Õß¬“ß‚ø¡∑’Ë¡’´‘≈‘°“ 20 phr º ¡Õ¬Ÿà

‡¡◊ËÕæ‘®“√≥“§à“§«“¡Àπ◊¥  Mooney ·≈–‡«≈“∑’Ë
‰¥â®“°‡§√◊ËÕß Mooney viscometer ¢Õß¬“ß§Õ¡ª“«¥å∑’Ë
º ¡´‘≈‘°“„πª√‘¡“≥‡∑à“°—∫ 20 phr ·≈–ª√‘¡“≥·§≈‡´’¬¡

Figure 4. Swelling and deswelling curves of cellular NR vulcanisates of different SiO
2
 contents



Songklanakarin J. Sci. Technol

Vol. 25 No. 1 Jan.-Feb. 2003 84
Effect of fillers on properties of cellular NR

Patcharaphun,  S.,  et al.

§“√å∫Õ‡πµµà“ßÊ °—π¥—ß· ¥ß„π Figure 5 æ∫«à“ §à“§«“¡
Àπ◊¥ Mooney ∑’Ë‰¥â¡’§à“„°≈â‡§’¬ß°—π   · ¥ß«à“ª√‘¡“≥
·§≈‡´’¬¡§“√å∫Õ‡πµ∑’Ëº ¡„π¬“ß§Õ¡ª“«¥å‰¡à àßº≈°√–∑∫
µàÕ ¡∫—µ‘°“√‰À≈ ∑—Èßπ’È‡π◊ËÕß®“°·§≈‡´’¬¡§“√å∫Õ‡πµ‡ªìπ
 “√µ—«‡µ‘¡ª√–‡¿∑‰¡à‡ √‘¡·√ß (non-reinforcing filler)

·≈–¡’«—µ∂ÿª√– ß§å°“√„™â‡æ◊ËÕ≈¥µâπ∑ÿπ°“√º≈‘µ (Blow and

Hepburn, 1982)

‡¡◊ËÕπ”™‘Èπß“π¬“ß«—≈§“‰π´å∑’Ëº ¡´‘≈‘°“„πª√‘¡“≥
‡∑à“°—∫ 20 phr  ·≈–ª√‘¡“≥·§≈‡´’¬¡§“√å∫Õ‡πµµà“ßÊ
°—π‰ª∑¥ Õ∫ ¡∫—µ‘§«“¡µâ“π∑“π·√ß¥÷ß·≈–§«“¡µâ“π
∑“πµàÕ°“√¢—¥∂Ÿ  æ∫«à“§à“§«“¡‡§âπ¥÷ß Ÿß ÿ¥·≈–ª√‘¡“µ√
°“√ Ÿ≠‡ ’¬‡π◊ÈÕ¢Õß¬“ß‚ø¡ ¥—ß· ¥ß„π Figure 6 æ∫«à“
ª√‘¡“≥·§≈‡´’¬¡§“√å∫Õ‡πµ∑’Ë 10  20 ·≈– 30 phr „Àâ
§à“§«“¡‡§âπ¥÷ß Ÿß ÿ¥„°≈â‡§’¬ß°—π   Õ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕ‡æ‘Ë¡
ª√‘¡“≥·§≈‡´’¬¡§“√å∫Õ‡πµ¡“°°«à“ 30 phr  æ∫«à“§à“
§«“¡‡§âπ¥÷ß Ÿß ÿ¥‡√‘Ë¡≈¥≈ß  ∑—Èßπ’È‡π◊ËÕß®“°ª√‘¡“≥ “√µ—«
‡µ‘¡‚¥¬   √«¡´÷Ëßª√–°Õ∫‰ª¥â«¬·§≈‡´’¬¡§“√å∫Õ‡πµ·≈–
´‘≈‘°“∑’Ë¡“°‡°‘π‰ª ( Ÿß°«à“ 50 phr)  àßº≈„Àâ‡π◊ÈÕ¬“ß‚ø¡
¡’§«“¡·¢Áß·√ß≈¥≈ß‡π◊ËÕß®“°Õπÿ¿“§¢Õß·§≈‡´’¬¡§“√å-
∫Õ‡πµ‡¢â“‰ª·∑√°Õ¬Ÿà√–À«à“ß “¬‚´à‚¡‡≈°ÿ≈¢Õß¬“ß∑”„Àâ
 “¬‚´à‚¡‡≈°ÿ≈¬“ßÕ¬ŸàÀà“ß°—π¡“°¢÷Èπ    àßº≈∑”„Àâ·√ß¬÷¥

‡Àπ’Ë¬«√–À«à“ß “¬‚´à‚¡‡≈°ÿ≈¢Õß¬“ß≈¥≈ß  ¥—ßπ—Èπ§«“¡
·¢Áß·√ß¢Õß‡π◊ÈÕ¬“ß®÷ß≈¥≈ßµ“¡‰ª¥â«¬    „π¢≥–∑’ËÀ“°
æ‘®“√≥“ª√‘¡“µ√°“√ Ÿ≠‡ ’¬‡π◊ÈÕ¢Õß¬“ß‚ø¡∑’Ëª√‘¡“≥
·§≈‡ ’́¬¡§“√å∫Õ‡πµµà“ßÊ °—π æ∫«à“º≈°“√∑¥≈Õß∑’Ë‰¥â
 Õ¥§≈âÕß°—∫º≈°“√∑¥ Õ∫§«“¡‡§âπ¥÷ß Ÿß ÿ¥

À“°æ‘®“√≥“≈—°…≥–¢Õß√Ÿæ√ÿπ¿“¬„π¬“ß‚ø¡∑’Ë
º ¡´‘≈‘°“„πª√‘¡“≥‡∑à“°—∫ 20 phr ·≈–ª√‘¡“≥·§≈‡´’¬¡
§“√å∫Õ‡πµµà“ß°—π  ¥—ß· ¥ß„π  Figure 7  æ∫«à“ª√‘¡“≥
·≈–¢π“¥¢Õß√Ÿæ√ÿπ∑’Ë‡°‘¥¢÷Èπ‡¡◊ËÕº ¡·§≈‡ ’́¬¡§“√å∫Õ‡πµ
‡∑à“°—∫ 10 phr (Figure 7a ·≈– 7b) ·≈– 30 phr (Figure

7c ·≈– 7d) ¡’§à“„°≈â‡§’¬ß°—π  àßº≈„Àâ§«“¡µâ“π∑“πµàÕ
·√ß¥÷ß¡’§à“„°≈â‡§’¬ß°—π „π¢≥–∑’Ë‡¡◊ËÕæ‘®“√≥“ª√‘¡“≥·≈–
¢π“¥¢Õß√Ÿæ√ÿπ∑’Ë‡°‘¥¢÷Èπ‡¡◊ËÕº ¡·§≈‡´’¬¡§“√å∫Õ‡πµ
‡∑à“°—∫ 40 phr (Figure 7e ·≈– 7f) ª√“°Ø«à“ª√‘¡“≥√Ÿ
æ√ÿπ∑’Ë‡°‘¥¢÷ÈππâÕ¬≈ß ∑—Èßπ’È‡π◊ËÕß®“° ª√‘¡“≥ “√µ—«‡µ‘¡
‚¥¬√«¡´÷Ëßª√–°Õ∫‰ª¥â«¬·§≈‡´’¬¡§“√å∫Õ‡πµ·≈–´‘≈‘°“
∑’Ë¡“°∂÷ß 60 phr  ∑”„Àâ«— ¥ÿº ¡¡’§«“¡Àπ“·πàπ¡“°
√«¡∑—Èßº≈¢Õß°“√∑’Ë·§≈‡´’¬¡§“√å∫Õ‡πµ  ‡ªìπ “√µ—«‡µ‘¡
ª√–‡¿∑‰¡à‡ √‘¡·√ß∑’Ë¡’¡“°∂÷ß 40 phr ®÷ß àßº≈„Àâ‡π◊ÈÕ¬“ß
‚ø¡¡’§«“¡·¢Áß·√ß≈¥≈ß  ·≈–‡°‘¥ª√‘¡“≥√Ÿæ√ÿπ¿“¬„π
‰¥âπâÕ¬

‡¡◊ËÕæ‘®“√≥“æƒµ‘°√√¡°“√∫«¡µ—«·≈–¬ÿ∫µ—«¢Õß
¬“ß‚ø¡∑’Ëº ¡ ‘́≈‘°“ 20 phr   ·≈–ª√‘¡“≥·§≈‡ ’́¬¡
§“√å∫Õ‡πµµà“ß°—π „π‚∑≈ŸÕ’π ¥—ß· ¥ß„π Figure 8 æ∫«à“
Õ—µ√“°“√∫«¡µ—«°àÕπ‡¢â“ Ÿà ¿“«– ¡¥ÿ≈ ·≈–Õ—µ√“°“√¬ÿ∫
µ—«¿“¬À≈—ß ¿“«– ¡¥ÿ≈ µ≈Õ¥®πª√‘¡“≥°“√¥Ÿ¥´—∫‚∑≈ŸÕ’π
‡¡◊ËÕ‡¢â“ Ÿà ¡¥ÿ≈¢Õß¬“ß‚ø¡ ¡’§à“„°≈â‡§’¬ß°—π¡“° · ¥ß„Àâ
‡ÀÁπ«à“´‘≈‘°“¡’Õ‘∑∏‘æ≈„π°“√‡ √‘¡·√ßÀ√◊Õ≈¥°“√∫«¡µ—«
‰¥â¥’°«à“·§≈‡´’¬¡§“√å∫Õ‡πµ   ‚¥¬æ‘®“√≥“®“°ª√‘¡“≥
°“√¥Ÿ¥´—∫‚∑≈ŸÕ’π   ‡¡◊ËÕ‡¢â“ Ÿà ¡¥ÿ≈ ¬—ß§ß¡’§à“‡∑à“‡¥‘¡„π
¢≥–∑’Ëª√‘¡“≥ ‘́≈‘°“‰¡à‡ª≈’Ë¬π·ª≈ß  ¥—ßπ—Èπ®–‡ÀÁπ‰¥â«à“
ª√‘¡“≥·§≈‡´’¬¡§“√å∫Õ‡πµ∑’Ëº ¡„π¬“ß‚ø¡π—Èπ‰¡à àßº≈
°√–∑∫µàÕæƒµ‘°√√¡°“√∫«¡µ—«·≈–¬ÿ∫µ—«¢Õß¬“ß‚ø¡

3. Õ‘∑∏‘æ≈¢Õß°“√∫à¡‡√àß¥â«¬§«“¡√âÕπ

‡¡◊ËÕæ‘®“√≥“Õ‘∑∏‘æ≈¢Õß°“√∫à¡‡√àß¥â«¬§«“¡√âÕπ
∑’Ë¡’µàÕ ¡∫—µ‘¢Õß¬“ß‚ø¡∑’Ëº ¡ “√µ—«‡µ‘¡ª√–‡¿∑´‘≈‘°“
„πª√‘¡“≥µà“ß°—π¥—ß· ¥ß„π Figure 9 ·≈– Figure 10

Figure 5. Mooney viscosity of  unvulcanized rub-

ber compound containing 20 phr SiO
2

and different CaCO3 contents



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 25 ©∫—∫∑’Ë 1 ¡.§.-°.æ. 2546
Õ‘∑∏‘æ≈¢Õßª√‘¡“≥ “√µ—«‡µ‘¡∑’Ë¡’µàÕ ¡∫—µ‘¢Õß¬“ß‚ø¡∏√√¡™“µ‘

 ¡‡®µπå  æ—™√æ—π∏å ·≈–§≥–85

Figure 6. Tensile and abrasive curves of  cellular NR vulcanisates containing 20 phr SiO
2
 and different

CaCO
3
 contents

æ∫«à“ ¬“ß‚ø¡∑’Ë‰¡à¡’°“√º ¡´‘≈‘°“¬“ß  ‡¡◊ËÕºà“π°“√∫à¡
‡√àß¥â«¬§«“¡√âÕπ „Àâ ¡∫—µ‘§«“¡µâ“π∑“πµàÕ·√ß¥÷ß·≈–
§«“¡µâ“π∑“πµàÕ°“√¢—¥∂Ÿ≈¥≈ß ∑—Èßπ’È‡π◊ËÕß¡“®“°§«“¡‰¡à
‡ ∂’¬√¢Õßæ—π∏–‚æ≈’´—≈øï¥‘°µàÕ§«“¡√âÕπ®÷ß‡°‘¥°“√ ≈“¬
µ—«  àßº≈„Àâ¬“ß Ÿ≠‡ ’¬ ¡∫—µ‘§«“¡·¢Áß·√ß‰ª («√“¿√≥å,
2541)   ”À√—∫„π°√≥’∑’Ë¡’´‘≈‘°“º ¡Õ¬Ÿà  æ∫«à“°“√∫à¡‡√àß
¥â«¬§«“¡√âÕπæ∫«à“‰¡à¡’º≈¡“°π—°µàÕ ¡∫—µ‘°“√µâ“π∑“π
·√ß¥÷ß  ´÷ËßÕ“®‡π◊ËÕß¡“°®“°´‘≈‘°“´÷Ëß∑”Àπâ“∑’Ë¬÷¥‡Àπ’Ë¬«
√–À«à“ß “¬‚ à́‚¡‡≈°ÿ≈¢Õß¬“ß‰«â  Õ¬à“ß‰√°Áµ“¡ °“√∫à¡‡√àß
¡’º≈∑”„Àâ°“√µâ“π∑“πµàÕ°“√¢—¥∂Ÿ≈¥≈ß

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ ¡∫—µ‘§«“¡µâ“π∑“πµàÕ·√ß¥÷ß·≈–
§«“¡µâ“π∑“πµàÕ°“√¢—¥∂Ÿ¢Õß¬“ß‚ø¡∑’Ëºà“π°“√∫à¡‡√àß¥â«¬
§«“¡√âÕπ‡¡◊ËÕº ¡´‘≈‘°“„πª√‘¡“≥‡∑à“°—∫ 20 phr ·≈–
·§≈‡´’¬¡§“√å∫Õ‡πµ„π™à«ß√–À«à“ß 10 ∂÷ß 30 phr  ¥—ß
· ¥ß„π Figure 11 ·≈– Figure 12 æ∫«à“§à“§«“¡‡§âπ
·√ß¥÷ß Ÿß ÿ¥·≈–§«“¡µâ“π∑“πµàÕ°“√¢—¥∂Ÿ°àÕπ·≈–À≈—ß
°“√∫à¡‡√àß¡’§à“‰¡à·µ°µà“ß°—π¡“°π—°  ‡π◊ËÕß®“°·§≈‡´’¬¡
§“√å∫Õ‡πµ‡ªìπ “√µ—«‡µ‘¡ª√–‡¿∑‰¡à‡ √‘¡·√ß·≈–‰¡à‰¥â√—∫
Õ‘∑∏‘æ≈®“°°“√∫à¡‡√àß¥â«¬§«“¡√âÕπ Õ¬à“ß‰√°Áµ“¡ À“°‡æ‘Ë¡

ª√‘¡“≥·§≈‡´’¬¡§“√å∫Õ‡πµ¡“°°«à“ 30 phr æ∫«à“§à“
§«“¡‡§âπ¥÷ß Ÿß ÿ¥·≈–§«“¡µâ“π∑“πµàÕ°“√¢—¥∂Ÿ‡√‘Ë¡≈¥≈ß
∑—Èßπ’È‡π◊ËÕß®“°ª√‘¡“≥ “√µ—«‡µ‘¡‚¥¬√«¡√–À«à“ß·§≈‡ ’́¬¡
§“√å∫Õ‡πµ·≈–´‘≈‘°“∑’Ë¡“°‡°‘π°«à“ 50 phr µ“¡∑’Ë‰¥â°≈à“«
‰«â·≈â«¢â“ßµâπ

‡¡◊ËÕæ‘®“√≥“æƒµ‘°√√¡°“√∫«¡µ—«·≈–°“√¬ÿ∫µ—«
¢Õß¬“ß‚ø¡∑’Ëº ¡ “√µ—«‡µ‘¡ª√–‡¿∑´‘≈‘°“„πª√‘¡“≥µà“ß
°—π  ∑’Ëºà“π°“√∫à¡‡√àß·≈–‰¡à‰¥âºà“π°“√∫à¡‡√àß¥â«¬§«“¡√âÕπ
‡ª√’¬∫‡∑’¬∫°—π  ¥—ß· ¥ß„π Figure 13 æ∫«à“Õ—µ√“°“√
∫«¡µ—«°àÕπ ¿“«– ¡¥ÿ≈·≈–Õ—µ√“°“√¬ÿ∫µ—«À≈—ß ¿“«–
 ¡¥ÿ≈¢Õß¬“ß‚ø¡∑’Ëº ¡·≈–‰¡àº ¡´‘≈‘°“¡’§à“„°≈â‡§’¬ß°—π
„π¢≥–¬“ß‚ø¡∑’Ë‰¡à‰¥âº ¡´‘≈‘°“·≈–ºà“π°“√∫à¡‡√àß   ¡’
ª√‘¡“≥°“√¥Ÿ¥´—∫‚∑≈ŸÕ’π  ∑’Ë ¿“«– ¡¥ÿ≈≈¥≈ßÕ¬à“ß¡“°
∑—Èßπ’È‡π◊ËÕß®“°°“√≈¥≈ß¢Õß “¬æ—π∏–‡™◊ËÕ¡‚¬ß∑’Ë¬“«‡ªìπ
æ—π∏–∑’Ë —Èπ≈ß (desulphuration) ∑”„Àâ™àÕß«à“ß√–À«à“ß
 “¬‚´à‚¡‡≈°ÿ≈¬“ß (free volume) ≈¥≈ß  àßº≈„Àâ‚¡‡≈°ÿ≈
¢Õß “√≈–≈“¬‡¢â“‰ª·∑√°µ—«‰¥âπâÕ¬≈ß ·≈–‡¡◊ËÕæ‘®“√≥“
Õ‘∑∏‘æ≈¢Õßª√‘¡“≥ ‘́≈‘°“∑’Ë¡’µàÕ°“√¥Ÿ¥ —́∫‚∑≈ŸÕ’π ∑’Ë ¿“«–
 ¡¥ÿ≈¢Õß¬“ß‚ø¡‡¡◊ËÕºà“π°“√∫à¡‡√àß·≈–‰¡àºà“π°“√∫à¡
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Figure 7. SEM micrograph of cellular NR vulcanisate containing 20 phr SiO
2
 and different

CaCO
3
 contents :    (a) 10 phr,    (b) 10 phr (××××× 170)    (c) 30 phr,  (d) 30 phr (××××× 170),

(e) 40 phr and   (f) 40 phr (××××× 170)

(a) (b)

(c) (d)

(e) (f)

‡√àß¥â«¬§«“¡√âÕπ‡ª√’¬∫‡∑’¬∫°—π  æ∫«à“ °“√≈¥≈ß¢Õß
ª√‘¡“≥°“√¥Ÿ¥´—∫‚∑≈ŸÕ’π ‡¡◊ËÕº ¡´‘≈‘°“‡∑à“°—∫ 20 phr ¡’
§à“πâÕ¬°«à“¬“ß‚ø¡∑’Ë‰¡à‰¥âº ¡´‘≈‘°“Õ¬à“ß¡“°  ‡π◊ËÕß¡“
®“°´‘≈‘°“¬—ß§ß∑”Àπâ“∑’Ë‡ √‘¡§«“¡·¢Áß·√ß¢Õß‡π◊ÈÕ¬“ß
‰«â  „π¢≥–∑’Ë 40 phr ¡’§à“ª√‘¡“≥°“√¥Ÿ¥´—∫ “√≈–≈“¬
‡¡◊ËÕ‡¢â“ Ÿà ¡¥ÿ≈‡π◊ËÕß¡“®“°°“√∫à¡‡√àß‰¡à·µ°µà“ß°—π‡ªìπ
π—¬ ”§—≠  ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“¬“ß‚ø¡∑’Ëº ¡´‘≈‘°“‡∑à“°—∫
20 phr „Àâª√– ‘∑∏‘¿“æ„π°“√‡ √‘¡·√ß‰¥â¥’°«à“∑’Ë 40 phr

‡¡◊ËÕæ‘®“√≥“æƒµ‘°√√¡°“√∫«¡µ—«·≈–°“√¬ÿ∫µ—«
¢Õß¬“ß‚ø¡∑’Ëº ¡≈‘°“‡∑à“°—∫ 20 phr ·≈–·§≈‡ ’́¬¡
§“√å∫Õ‡πµµà“ßÊ °—π  ∑’Ëºà“π°“√∫à¡‡√àß·≈–‰¡à‰¥âºà“π°“√
∫à¡‡√àß¥â«¬§«“¡√âÕπ‡ª√’¬∫‡∑’¬∫°—π  ¥—ß· ¥ß„π Figure

14  æ∫«à“ Õ—µ√“°“√∫«¡µ—«°àÕπ‡¢â“ Ÿà ¿“«– ¡¥ÿ≈·≈–
Õ—µ√“°“√¬ÿ∫µ—«À≈—ß ¿“«– ¡¥ÿ≈¬—ß§ß¡’§à“„°≈â‡§’¬ß°—π „π
¢≥–∑’Ëª√‘¡“≥°“√¥Ÿ¥ —́∫ “√≈–≈“¬∑’Ë®ÿ¥ ¡¥ÿ≈≈¥≈ß‡¡◊ËÕºà“π
°“√∫à¡‡√àß  ∑—Èßπ’È‡π◊ËÕß¡“®“°º≈®“°°“√‡ √‘¡·√ß¢Õß ‘́≈‘°“
„πª√‘¡“≥ 20 phr ∑’Ë¬—ß§ß¡’Õ¬Ÿà„π‡π◊ÈÕ¬“ß ´÷Ëß‰¡à‡°’Ë¬«¢âÕß
°—∫Õ‘∑∏‘æ≈¢Õßª√‘¡“≥·§≈‡´’¬¡§“√å∫Õ‡πµ   ‡π◊ËÕß®“°
ª√‘¡“≥°“√¥Ÿ¥´—∫ “√≈–≈“¬∑’Ë®ÿ¥ ¡¥ÿ≈‰¡à‡ª≈’Ë¬π·ª≈ß¡“°
π—°‡¡◊ËÕ‡ª≈’Ë¬π§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡§“√å∫Õ‡πµ

 √ÿªº≈°“√∑¥≈Õß

º≈°“√∑¥≈Õß∑’Ë‰¥â®“°ß“π«‘®—¬π’È ‡ªìπ°“√»÷°…“∂÷ß
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Figure 8. Swelling and deswelling curves of cellular NR vulcanisates containing 20 phr SiO
2
 and

different CaCO
3
 contents

Figure 9. Tensile curves for aging and non-aging

of cellular NR vulcanisates with differ-

ent SiO
2
 contents

Figure 10. Abrasive curves for aging and non-

aging of cellular NR vulcanisates of

different SiO
2
 contents
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Figure 11. Tensile curves for aging and non-aging

of cellular NR vulcanisates containing  20

phr SiO
2
 and different CaCO

3
 contents

Figure 12. Abrasive curves for aging and non-

aging of cellular NR vulcanisates con-

taining 20 phr SiO
2
 and different CaCO

3

contents

Figure 13. Swelling and deswelling curves for aging and non-aging of cellular NR vulcanisates with

  different SiO
2
 contents
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Õ‘∑∏‘æ≈¢Õßª√‘¡“≥ “√µ—«‡µ‘¡ª√–‡¿∑´‘≈‘°“·≈–·§≈‡ ’́¬¡-
§“√å∫Õ‡πµ∑’Ë¡’µàÕ ¡∫—µ‘‡™‘ß°≈·≈–°“¬¿“æ„π¥â“πµà“ßÊ
¢Õß¬“ß∏√√¡™“µ‘∑’Ë¡’≈—°…≥–‚ø¡   ‚¥¬ “¡“√∂ √ÿª‡ªìπ
 “√– ”§—≠‰¥â¥—ßµàÕ‰ªπ’È

1. ¬“ß‚ø¡∑’Ëº ¡´‘≈‘°“„πª√‘¡“≥‡∑à“°—∫ 20 phr

„Àâ ¡∫—µ‘§«“¡µâ“π∑“πµàÕ·√ß¥÷ß·≈–§«“¡µâ“π∑“πµàÕ°“√
¢—¥∂Ÿ Ÿß ÿ¥  Õ¬à“ß‰√°Áµ“¡ ¡∫—µ‘¥—ß°≈à“«¡’·π«‚πâ¡≈¥≈ß
‡¡◊ËÕª√‘¡“≥´‘≈‘°“ Ÿß°«à“ 20 phr  ∑—Èßπ’È‡π◊ËÕß®“°‡°‘¥°“√
√«¡°≈ÿà¡°—π¢Õß´‘≈‘°“∑”„Àâª√– ‘∑∏‘¿“æ°“√°√–®“¬µ—«
·≈–°“√‡ √‘¡·√ß¿“¬„π‡π◊ÈÕ¬“ß≈¥≈ß  ·≈–æ∫«à“ª√‘¡“≥
°“√¥Ÿ¥´—∫ “√≈–≈“¬∑’Ë ¿“«– ¡¥ÿ≈¡’§à“≈¥≈ß‡¡◊ËÕª√‘¡“≥
´‘≈‘°“‡æ‘Ë¡¢÷Èπ

2.  ”À√—∫„π°√≥’¢Õß¬“ß‚ø¡∑’Ëº ¡´‘≈‘°“„πª√‘¡“≥
20 phr ·≈–ª√‘¡“≥¢Õß·§≈‡´’¬¡§“√å∫Õ‡πµ„π™à«ß√–À«à“ß
0 ∂÷ß 30 phr æ∫«à“ ª√‘¡“≥‡À¡“– ¡∑’Ë„Àâ ¡∫—µ‘‡™‘ß°≈
‚¥¬√«¡‰¡à‡ª≈’Ë¬π·ª≈ß¡“°π—°Õ¬Ÿà√–À«à“ß 20-30 phr ·≈–
‡¡◊ËÕº ¡ª√‘¡“≥·§≈‡´’¬¡§“√å∫Õ‡πµ∑’Ë¡“°°«à“ 30 phr

æ∫«à“   ¡∫—µ‘‚¥¬√«¡≈¥≈ß ‡π◊ËÕß®“°„π√–∫∫¡’ª√‘¡“≥
 “√µ—«‡µ‘¡¡“°‡°‘π‰ª ( Ÿß°«à“ 50 phr) πÕ°®“°π’È¬—ßæ∫

«à“ª√‘¡“≥¢Õß·§≈‡´’¬¡§“√å∫Õ‡πµ∑’Ëº ¡‰¡à àßº≈°√–∑∫
µàÕª√‘¡“≥°“√¥Ÿ¥´—∫ “√≈–≈“¬∑’Ë ¿“«– ¡¥ÿ≈

3. ‡¡◊ËÕæ‘®“√≥“Õ‘∑∏‘æ≈¢Õß°“√∫à¡‡√àß¥â«¬§«“¡√âÕπ
æ∫«à“¬“ß‚ø¡∑’Ë¡’´‘≈‘°“º ¡„πª√‘¡“≥ 20 phr „Àâ ¡∫—µ‘
§«“¡µâ“π∑“πµàÕ·√ß¥÷ß   ¡∫—µ‘§«“¡µâ“π∑“πµàÕ°“√¢—¥∂Ÿ
·≈–ª√‘¡“≥°“√¥Ÿ¥´—∫ “√≈–≈“¬∑’Ë ¿“«– ¡¥ÿ≈¥’¢÷Èπ  ·≈–
‡√‘Ë¡≈¥≈ß‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥´‘≈‘°“ Ÿß°«à“ 20 phr ·≈–„π°√≥’
¢Õß¬“ß‚ø¡∑’Ë¡’ª√‘¡“≥¢Õß·§≈‡ ’́¬¡§“√å∫Õ‡πµµà“ßÊ ∑’Ë
¡’´‘≈‘°“ 20 phr °“√∫à¡‡√àß¥â«¬§«“¡√âÕπ‰¡à¡’º≈µàÕ ¡∫—µ‘
‚¥¬√«¡¢Õß¬“ß‚ø¡

4. º≈ß“π«‘®—¬„Àâ¢âÕ √ÿª∑’Ë ”§—≠§◊Õ ª√‘¡“≥°“√‡µ‘¡
‘́≈‘°“º ¡·§≈‡ ’́¬¡§“√å∫Õ‡πµ∑’Ë‡À¡“– ¡§◊Õ ‘́≈‘°“ 20 phr

·≈–·§≈‡´’¬¡§“√å∫Õ‡πµ 20-30 phr µ“¡≈”¥—∫

°‘µµ‘°√√¡ª√–°“»

§≥–«‘®—¬¢Õ¢Õ∫§ÿ≥ §≥–«‘»«°√√¡»“ µ√å ¡À“-
«‘∑¬“≈—¬‡°…µ√»“ µ√å   ”À√—∫°“√„Àâ∑ÿπ π—∫ πÿπ‚§√ß°“√
«‘®—¬π’È ·≈– à«πÕÿµ “À°√√¡¬“ß  ∂“∫—π«‘®—¬¬“ß °√¡«‘™“-

Figure 14. Swelling and deswelling curves for aging and non-aging of cellular NR vulcanisates

containing 20 phr SiO
2
 and different CaCO
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