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This work studied the properties of natural rubber (NR) / chloroprene rubber (CR) blends using fly

ash with and without surface treatment by a silane coupling agent (Bis [3-(triethoxysilyl) propyl] tetrasulfide],

Couplink89) at 2% wt of silica content in fly ash. The concentrations of fly ash particles in blends were also

varied taking account of the amount of silica (FASi) content between 0-50 parts per 100 parts of rubbers.

The NR contents in NR/CR blends were varied at 0, 10, 25, 50 and 100 %wt. The results showed that

treatment of fly ash particle with silane coupling agent could improve overall mechanical properties except

for elongation at break and hardness. Increasing NR contents in NR/CR blends slightly decreased most of

the mechanical properties for the un-aged samples, while cleary decreased those properties for the aged

samples. Increases in fly ash particle in NR/CR blends tended to improve tensile modulus and hardness

while slightly decreases were observed for tensile strength, elongation at breaks and tear properties. Ther-

mal ageing slightly improved most of mechanical properties except for tensile strength and elongation at

break due to post-curing effect. Thermal-oil ageing obviously deteriorated the properties of filled NR/CR

vulcanizates, especially for high NR contents. When comparing with commercial CR products in terms of

mechanical properties, the most appropriate formula of filled NR/CR from this work was NR/CR of 25/75

blend ratio with 40 phr FASi content.
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1. ∫∑π”
‚¥¬∑—Ë«‰ª·≈â« °“√º ¡°—π√–À«à“ß¬“ß§≈Õ‚√æ√’π

·≈–¬“ß∏√√¡™“µ‘ ¡’«—µ∂ÿª√– ß§å‡æ◊ËÕº≈‘µ‡ªìπº≈‘µ¿—≥±å
∑’Ë “¡“√∂∑π∑“πµàÕπÈ”¡—πÀ√◊Õµ—«∑”≈–≈“¬∑’Ë‰¡à¡’¢—È« ‚¥¬
¬—ß§ß ¡∫—µ‘¥â“π§«“¡·¢Áß·√ß ‡π◊ËÕß®“°¬“ß∑—Èß Õß™π‘¥
 “¡“√∂‡°‘¥º≈÷°‰¥â‡¡◊ËÕ‰¥â√—∫°“√¥÷ß¬◊¥ (Strain-induced
crystallization) ®÷ß∑”„Àâ¬“ßº ¡§Ÿàπ’È ‰¥â√—∫§«“¡ π„®
·≈–°“√æ—≤π“Õ¬à“ßµàÕ‡π◊ËÕß ‡æ◊ËÕ “¡“√∂∑’Ë®–π”‰ª„™â
º≈‘µº≈‘µ¿—≥±åµà“ßÊ ‡™àπ º≈‘µ¿—≥±å¬“ß√Õß·∑àπ
‡§√◊ËÕß®—°√Õÿµ “À°√√¡ ¬“ß´’≈ ¬“ßÀÿâ¡ “¬‡§‡∫‘≈ ·≈–
¬“ßÀÿâ¡ “¬‰øøÑ“À—«‡∑’¬π‰¥â [1] ‡¡◊ËÕæ‘®“√≥“ —¥ à«π
º ¡·≈â« æ∫«à“ —¥ à«π¢Õß¬“ß∏√√¡™“µ‘·≈–¬“ß§≈Õ-
‚√æ√’π„π«— ¥ÿº ¡ ∑’Ë∑”„Àâ¡’ ¡∫—µ‘°“√∑π∑“πµàÕπÈ”¡—π
·≈– ¿“æ·«¥≈âÕ¡‰¥â¥’π—Èπ ‡ªìπ —¥ à«πº ¡∑’Ë¡’ª√‘¡“≥
¬“ß§≈Õ‚√æ√’π¡“°°«à“¬“ß∏√√¡™“µ‘ ‚¥¬¡’¬“ß§≈Õ‚√æ√’π
Õ¬à“ßπâÕ¬√âÕ¬≈– 50 „π‡π◊ÈÕ«— ¥ÿº ¡ [2-3] Õ¬à“ß‰√°Áµ“¡
‡¡◊ËÕæ‘®“√≥“„π¥â“π¢Õßµâπ∑ÿπ°“√º≈‘µ·≈â«¬“ß§≈Õ‚√æ√’π
¡’√“§“ Ÿß°«à“¬“ß∏√√¡™“µ‘∂÷ß 2 ‡∑à“

 “√µ—«‡µ‘¡‡ √‘¡·√ß∑’Ëπ‘¬¡„™â„π«— ¥ÿ¬“ßº ¡√–À«à“ß
¬“ß∏√√¡™“µ‘·≈–¬“ß§≈Õ‚√æ√’π §◊Õ ºß‡¢¡à“¥”·≈–´‘≈‘°“
[4-5] ®“°√“¬ß“π°“√«‘®—¬∑’Ëºà“π¡“ [6-9] æ∫«à“ ‡∂â“≈Õ¬
∑’Ë ‰¥â®“°°“√‡º“∂à“πÀ‘π´÷Ëß®—¥‡ªìπ«— ¥ÿ‡À≈◊Õ„™â·≈–¡’
≈—°…≥–‡©æ“–§◊Õ°“√¡’√Ÿª√à“ßÕπÿ¿“§∑’Ë§àÕπ¢â“ß°≈¡π—Èπ
¡’´‘≈‘°“‡ªìπÕß§åª√–°Õ∫„πª√‘¡“≥∑’Ë Ÿß∂÷ß√âÕ¬≈– 40
‚¥¬πÈ”Àπ—° ·≈–æ∫«à“ °“√ª√—∫ª√ÿßº‘«‡∂â“≈Õ¬¥â«¬ “√§Ÿà
§«∫‰´‡≈π (Silane coupling agent) [6] [10-13]  “¡“√∂
‡æ‘Ë¡ ¡∫—µ‘¢Õß«— ¥ÿ¬“ßº ¡‰¥â Sombatsompop ·≈–
Thongsang [11] ‰¥â»÷°…“º≈¢Õß°“√„™â Bis [3-
(triethoxysilyl) propyl] tetrasulfide], Si69 ‡æ◊ËÕ
ª√—∫ª√ÿßæ◊Èπº‘«¢Õß‡∂â“≈Õ¬∑’Ëº ¡Õ¬Ÿà„π¬“ß∏√√¡™“µ‘ æ∫«à“
ª√‘¡“≥ Si-69 ∑’Ë„™âº ¡„π‡∂â“≈Õ¬∑’Ë‡À¡“– ¡Õ¬Ÿà„π™à«ß
√âÕ¬≈– 2.0-4.0 ‚¥¬πÈ”Àπ—°¢Õß´‘≈‘°“„π‡∂â“≈Õ¬ ‚¥¬
 “¡“√∂‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“–°—π√–À«à“ß¬“ß
∏√√¡™“µ‘°—∫‡∂â“≈Õ¬·≈– àßº≈„Àâ ¡∫—µ‘‡™‘ß°≈‡æ‘Ë¡ Ÿß¢÷Èπ
Ismail ·≈– Leong [2] ‰¥â»÷°…“ ¡∫—µ‘°“√ ÿ°µ—«·≈–
 ¡∫—µ‘‡™‘ß°≈¢Õß¬“ßº ¡√–À«à“ß¬“ß∏√√¡™“µ‘°—∫¬“ß
§≈Õ‚√æ√’π æ∫«à“ §à“¡Õ¥ÿ≈— ·√ß¥÷ß·≈–§à“§«“¡·¢Áß∑’Ë
º‘«„Àâ§à“ Ÿß ÿ¥∑’ËÕ—µ√“ à«πº ¡¢Õß¬“ß∏√√¡™“µ‘µàÕ¬“ß

§≈Õ‚√æ√’π‡ªìπ 25 µàÕ 75 ‚¥¬πÈ”Àπ—° Ramesan ·≈–
§≥– [3] »÷°…“ ¡∫—µ‘°“√ ÿ°µ—«·≈– ¡∫—µ‘‡™‘ß°≈¢Õß¬“ß
º ¡√–À«à“ß¬“ß∏√√¡™“µ‘°—∫¬“ß§≈Õ‚√æ√’π (NR/CR) æ∫
«à“ ‡«≈“°“√‰À≈°àÕπ°“√ ÿ°µ—«‡æ‘Ë¡ Ÿß¢÷Èπµ“¡ª√‘¡“≥¬“ß
§≈Õ‚√æ√’π ‚¥¬ ¡∫—µ‘‡™‘ß°≈‰¥â·°à §«“¡·¢Áß·√ß Ÿß ÿ¥
·≈–§«“¡·¢Áß∑’Ëº‘«¡’§à“ Ÿß∑’Ë ÿ¥∑’Ë —¥ à«π√–À«à“ß¬“ß∏√√¡
™“µ‘µàÕ¬“ß§≈Õ‚√æ√’π‡∑à“°—∫ 30 µàÕ 70 ‚¥¬πÈ”Àπ—°

 ”À√—∫„πß“π«‘®—¬π’È ‰¥â∑”°“√»÷°…“º≈¢Õß —¥ à«π
«— ¥ÿ¬“ßº ¡√–À«à“ß¬“ß∏√√¡™“µ‘·≈–¬“ß§≈Õ‚√æ√’π∑’Ë¡’
‡∂â“≈Õ¬‡ªìπ “√µ—«‡µ‘¡ ‚¥¬‡ª√’¬∫‡∑’¬∫º≈¢Õß°“√∫à¡‡√àß
™‘Èπß“π„π ¿“«–µà“ßÊ µ“¡¡“µ√∞“π “°≈ ‰¥â·°à °“√
∫à¡‡√àß¥â«¬§«“¡√âÕπ ·≈–°“√∫à¡‡√àß¥â«¬§«“¡√âÕπ„π
πÈ”¡—π‰Œ¥√Õ≈‘° ∑’Ë¡’µàÕ ¡∫—µ‘‡™‘ß°≈·≈–‡™‘ß°“¬¿“æ¢Õß
™‘Èπß“π«— ¥ÿ¬“ßº ¡ πÕ°®“°π’È ‰¥â∑”°“√‡≈◊Õ° Ÿµ√«— ¥ÿ
º ¡∑’Ë¡’ ¡∫—µ‘∑“ß°≈∑’Ë‡À¡“– ¡∑’Ë ÿ¥ ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫
 ¡∫—µ‘‡™‘ß°≈°—∫·ºàπ¬“ß§≈Õ‚√æ√’π∑“ß°“√§â“

2. «— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√
2.1 «—µ∂ÿ¥‘∫·≈– “√‡§¡’∑’Ë„™â

� ¬“ß∏√√¡™“µ‘ (Natural rubber, NR) ‡°√¥
STR20 ®“° ∫√‘…—∑ Œà«¬™«π ®”°—¥

� ¬“ß§≈Õ‚√æ√’π (Chloroprene rubber, CR)
‡°√¥ W ®“° ∫√‘…—∑ ¥ŸªÕß∑å ®”°—¥

�  “√§Ÿà§«∫ª√–‡¿∑‰´‡≈π (Silane coupling
agent) ™π‘¥ bis-(3-triethoxysilylpropyl) tetrasulfide
(Couplink89), [(C2H5O)3-Si-(CH2)3-S4-(CH2)3-Si-
(C2H5O)3] ®“° ∫√‘…—∑ Zhenjiang Wholemark Fine
Chemical ®”°—¥

�  “√°√–µÿâπªØ‘°‘√‘¬“°“√§ß√Ÿª (Activators) ™π‘¥
Zinc oxide (ZnO) ®“°∫√‘…—∑ ¬Ÿπ‘‡«π‡®Õ√å ®”°—¥ (¡À“™π)
Stearic acid  ®“°∫√‘…—∑ ‡§¡≈Ÿâ∫ Õ‘π‡µÕ√å‡π™—Ëπ·π≈ ®”°—¥
·≈– Magnesium oxide (MgO) ®“° ∫√‘…—∑ ‚§‚π™‘¡“
‡§¡‘§Õ≈ ®”°—¥ (¡À“™π)

�  “√‡√àßªØ‘°‘√‘¬“°“√§ß√Ÿª (Accelerators) ™π‘¥
2,2û-Dithiobis benzothiazole (perkacit-MBTS) ·≈–
Tetramethylthiuram disulfide (Perkacit-TMTD) ®“°
∫√‘…—∑ Flexys ®”°—¥ ·≈– Ethylene thiourea (ETU) ®“°
∫√‘…—∑ Sinrubtech ®”°—¥
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�  “√™à«¬„π°“√§ß√Ÿª¬“ß (Curing agent) ™π‘¥
°”¡–∂—π (Sulfur) ‚¥¬„™â¢π“¥ 325 mesh ®“° ∫√‘…—∑
 ¬“¡ ‡¶¡’ ®”°—¥ (¡À“™π)

�  “√ªÑÕß°—π°“√‡ ◊ËÕ¡ ¿“æ®“°ÕÕ°´‘‡®π·≈–
 ¿“«–·«¥≈âÕ¡ (Antioxidant) ™π‘¥ 2,2,4-Trimethy-1,2-
dihydroquinoline (TMQ) ‡°√¥ Rubatan 184 ®“° ∫√‘…—∑
General Quimica S.A. ®”°—¥

�  “√µ—«‡µ‘¡ (Filler) ™π‘¥‡∂â“≈Õ¬ (Fly ash) ‰¥â
®“°°“√‡º“∂à“πÀ‘π≈‘°‰πµå¢Õß‚√ßß“πº≈‘µ°√–· ‰øøÑ“
·¡à‡¡“– ®—ßÀ«—¥≈”ª“ß ´÷Ëß¡’Õß§åª√–°Õ∫¢Õß´‘≈‘°“Õ¬Ÿà
ª√–¡“≥√âÕ¬≈– 40 √à«¡°—∫ÕÕ°‰´¥å™π‘¥Õ◊ËπÊ ‡™àπ
Õ–≈Ÿ¡‘‡π’¬¡ÕÕ°‰´¥å ‡À≈Á°ÕÕ°‰´¥å ‡ªìπµâπ ¢π“¥Õπÿ¿“§
‰¡à‡°‘π 125 ‰¡§√Õπ ¡’§«“¡Àπ“·πàπ 2.65 °./´¡.3 ®“°
∫√‘…—∑ K.N.R. Group ®”°—¥

2.2 ¢—ÈπµÕπ°“√º ¡·≈–°“√‡µ√’¬¡™‘Èπß“π∑¥ Õ∫
„πß“π«‘®—¬π’È ‰¥â°”Àπ¥ —¥ à«π«— ¥ÿ¬“ßº ¡

√–À«à“ß¬“ß∏√√¡™“µ‘·≈–¬“ß§≈Õ‚√æ√’π ‚¥¬°“√ª√—∫ —¥
 à«π°“√‡µ‘¡¬“ß∏√√¡™“µ‘„π¬“ß§≈Õ‚√æ√’π∑’Ë√âÕ¬≈– 0 10
25 50 ·≈– 100  ”À√—∫°“√º ¡‡∂â“≈Õ¬„π«— ¥ÿ¬“ßº ¡
®–§‘¥‡∑’¬∫®“°°“√¡’́ ‘≈‘°“„π«— ¥ÿ¬“ßº ¡¥—ß°≈à“«∑’Ëª√‘¡“≥
0 10 20 30 40 ·≈– 50  à«π„π¬“ß√âÕ¬ à«π ∑—Èßπ’È∑’Ë
ª√‘¡“≥¥—ß°≈à“«‡∑’¬∫‡∑à“°—∫°“√¡’‡∂â“≈Õ¬º ¡Õ¬Ÿà„π«— ¥ÿ
¬“ßº ¡∑’Ëª√‘¡“≥ 0 25 50 75 100 ·≈– 125  à«π„π
¬“ß√âÕ¬ à«π ´÷Ëß‡∂â“≈Õ¬∑’Ë„™â ‰¥âºà“π°√–∫«π°“√ª√—∫ª√ÿß
º‘«¥â«¬ “√§Ÿà§«∫ª√–‡¿∑‰´‡≈π‚¥¬º ¡„π‡∂â“≈Õ¬
ª√‘¡“≥√âÕ¬≈– 2 ‚¥¬πÈ”Àπ—° [12]  à«πª√–°Õ∫¢Õß Ÿµ√
«— ¥ÿ¬“ßº ¡„πß“π«‘®—¬π’È· ¥ß¥—ßµ“√“ß∑’Ë 1

µ“√“ß∑’Ë 1 Àπâ“∑’Ë·≈–ª√‘¡“≥¢Õß “√‡§¡’∑’Ë„™â„πß“π«‘®—¬

* ¢âÕ —ß‡°µ phr §◊Õ parts per hundred of rubber by weight

1. ¬“ß∏√√¡™“µ‘  (NR:STR20) : ¬“ß§≈Õ‚√æ√’π (CR:W)

2. ‘́ß§åÕÕ°‰´¥å (Zinc oxide, ZnO)

3. °√¥ ‡µ’¬√‘° (Stearic acid)

4. ∑’‡ÕÁ¡§‘« (Trimethylhydroquinone, TMQ)

5. ‡ÕÁ¡∫’∑’‡Õ  (Dibenzothiazyl disulfide, MBTS)

6. ∑’‡ÕÁ¡∑’¥’ (Tetramethylthiuram disulfide, TMTD)

7. ·¡°π’‡´’¬¡ÕÕ°‰´¥å (Magnesium oxide)

8. ‡Õ∑∏‘≈’π‰∑‚Õ¬Ÿ‡√’¬ (Ethylene thiourea, ETU)

9. ‘́≈‘°“„π‡∂â“≈Õ¬ (Silica in fly ash)

10.°”¡–∂—π (Sulfur 325 mesh)

Õß§åª√–°Õ∫À≈—°

µ—«°√–µÿâπªØ‘°‘√‘¬“

µ—«°√–µÿâπªØ‘°‘√‘¬“

 “√·Õπµ’ÕÕ°´‘·¥π´å

µ—«‡√àßªØ‘°‘√‘¬“

µ—«‡√àßªØ‘°‘√‘¬“

µ—«‡√àßªØ‘°‘√‘¬“

µ—«‡√àßªØ‘°‘√‘¬“

 “√µ—«‡µ‘¡

µ—«‡™◊ËÕ¡æ—π∏–¢â“¡

100:0, 10:90, 25:75, 50:50, 0:100

5.0

2.0

1.0

1.0

1.0

4.0

0.6

0, 10, 20, 30, 40, 50

0.6

 “√‡§¡’ Àπâ“∑’Ë ª√‘¡“≥ (phr*)

� °“√º ¡«—µ∂ÿ¥‘∫ ‡√‘Ë¡®“°°“√∫¥¬“ß¥â«¬‡§√◊ËÕß
∫¥º ¡≈Ÿ°°≈‘Èß§Ÿà (Two roll mill) ¢Õß∫√‘…—∑ Yong Fong
Machinery ®”°—¥ ·≈â«‡µ‘¡«—µ∂ÿ¥‘∫µà“ßÊ µ“¡≈”¥—∫°“√
º ¡·≈– “√‡§¡’∑’Ë„™â„π°“√«‘®—¬¥—ßµ“√“ß∑’Ë 1 ‚¥¬„™â‡«≈“
„π°“√∫¥º ¡ 35 π“∑’ Õÿ≥À¿Ÿ¡‘‡√‘Ë¡µâπ„π°“√º ¡∑’Ë 25
Õß»“‡´≈‡´’¬  ·≈–§«“¡™◊Èπ —¡æ—∑∏å‰¡à‡°‘π√âÕ¬≈– 50

� °“√À“‡«≈“∑’Ë„™â„π°“√§ß√Ÿª¬“ß ®“°°“√∑¥ Õ∫
‚¥¬„™â‡§√◊ËÕß Oscillating Disk Rheometer (ODR) ¢Õß

∫√‘…—∑ GOTECH Testing Machine √ÿàπ GT 70-70-S2
µ“¡¡“µ√∞“π ASTM D2084-01 Õÿ≥À¿Ÿ¡‘∑¥ Õ∫ 160
Õß»“‡´≈‡ ’́¬  ‡æ◊ËÕÀ“§à“‡«≈“„π°“√§ß√Ÿª∑’Ë√âÕ¬≈– 90
(tc90)

� °“√‡µ√’¬¡™‘Èπß“π∑¥ Õ∫ ‚¥¬π”¬“ß§Õ¡ª“«¥å
∑’Ë‡µ√’¬¡‰¥â®“°‡§√◊ËÕß∫¥º ¡≈Ÿ°°≈‘Èß§Ÿàπ”‰ª¢÷Èπ√Ÿª‡ªìπ·ºàπ
™‘Èπß“π∑¥ Õ∫¥â«¬‡§√◊ËÕßÕ—¥¢÷Èπ√Ÿª√âÕπ (Hot press) ¢Õß
∫√‘…—∑ LAB TECH ®”°—¥ Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√¢÷Èπ√Ÿª 160
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Õß»“‡´≈‡´’¬  ·√ß¥—π·¡àæ‘¡æå∑’Ë 170 °°./´¡.2 À≈—ß®“°
π—Èπµ—¥‡ªìπ™‘Èπß“π∑¥ Õ∫µ“¡¡“µ√∞“π°“√∑¥ Õ∫

2.3 °“√∑¥ Õ∫ ¡∫—µ‘¢Õß¬“ß
 ¡∫—µ‘‡™‘ß°≈

� °“√∑¥ Õ∫§«“¡µâ“π·√ß¥÷ß·≈–§«“¡µâ“π
·√ß©’°¢“¥¢Õß·ºàπ¬“ß§ß√Ÿª„™â‡§√◊ËÕß Universal Testing
Machines ®“°∫√‘…—∑ Shimadzu √ÿàπ Autograph AG-I
§«“¡‡√Á«„π°“√¥÷ß 500 ¡¡./π“∑’ µ“¡¡“µ√∞“π ASTM
D412-06 ·≈–µ“¡¡“µ√∞“π ASTM D624-07 µ“¡≈”¥—∫

� °“√∑¥ Õ∫§à“§«“¡·¢Áß∑’Ëº‘«¢Õß·ºàπ¬“ß§ß
√Ÿª„™â‡§√◊ËÕß∑¥ Õ∫§«“¡·¢Áß ®“°∫√‘…—∑ Tech Lock ®”°—¥
µ“¡¡“µ√∞“π ASTM D2240-05 Shore A

� °“√∫à¡‡√àß™‘Èπß“π∑¥ Õ∫„™âµŸâÕ∫¬’ËÀâÕ GOTECH
√ÿàπ GT-7017 ‚¥¬°“√∫à¡‡√àß¥â«¬§«“¡√âÕπ (Thermal
aging) „™â ¿“«–°“√∑¥ Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 70 Õß»“‡´≈‡ ’́¬ 
‡«≈“ 168 ™¡. µ“¡¡“µ√∞“π ASTM D573-04 ·≈–°“√
∫à¡‡√àß¥â«¬§«“¡√âÕπ„ππÈ”¡—π‰Œ¥√Õ≈‘° (Thermal-oil
aging) „™âπÈ”¡—π‰Œ¥√Õ≈‘°™π‘¥ Shell ISO 46M ∑’ËÕÿ≥À¿Ÿ¡‘
125 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 70 ™¡. µ“¡¡“µ√∞“π ASTM
D471-06

 ¡∫—µ‘‡™‘ß°“¬¿“æ
°“√µ√«® Õ∫‚§√ß √â“ß®ÿ≈¿“§·≈–°“√°√–®“¬

µ—«¢Õß‡∂â“≈Õ¬„π«— ¥ÿ¬“ßº ¡„™â°≈âÕß®ÿ≈∑√√»πå

Õ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ (Scanning Electron Micro-
scope, SEM) ¬’ËÀâÕ JEOL √ÿàπ JSM-5,800 ¥â«¬»—°¬å‰øøÑ“
10 °‘‚≈‚«≈µå º‘«™‘Èπß“π∑¥ Õ∫‡§≈◊Õ∫¥â«¬∑Õß

3. º≈·≈–«‘®“√≥åº≈°“√∑¥≈Õß
º≈°“√«‘®—¬ à«ππ’È ‰¥â· ¥ß°“√‡ª√’¬∫‡∑’¬∫ ¡∫—µ‘

‡™‘ß°≈·≈–‚§√ß √â“ß®ÿ≈¿“§¢Õß«— ¥ÿº ¡√–À«à“ß¬“ß
∏√√¡™“µ‘·≈–¬“ß§≈Õ‚√æ√’π∑’Ë —¥ à«π°“√º ¡ 50 µàÕ 50
‚¥¬¡’´‘≈‘°“„π‡∂â“≈Õ¬™π‘¥‰¡àª√—∫ª√ÿß·≈–ª√—∫ª√ÿßº‘«
º ¡Õ¬Ÿà„πª√‘¡“≥ 30  à«π„π¬“ß√âÕ¬ à«π ‡ªìπ “√µ—«‡µ‘¡
º≈°“√∑¥≈Õß„πµ“√“ß∑’Ë 2 æ∫«à“ °“√ª√—∫ª√ÿßº‘«‡∂â“
≈Õ¬¥â«¬ “√§Ÿà§«∫‰´‡≈π àßº≈„Àâ ¡∫—µ‘‡™‘ß°≈¢Õß«— ¥ÿ
¬“ßº ¡¥—ß°≈à“«‡æ‘Ë¡ Ÿß¢÷Èπ ‡π◊ËÕß®“° “√§Ÿà§«∫‰´‡≈π‡æ‘Ë¡
§«“¡ “¡“√∂„π°“√°√–®“¬µ—«¢Õß‡∂â“≈Õ¬„π‡π◊ÈÕ¢Õß«— ¥ÿ
√«¡∑—Èß “√¥—ß°≈à“«¬—ß “¡“√∂∑”Àπâ“∑’Ë‡™◊ËÕ¡‚¬ß√–À«à“ß
‡ø ¢Õß¬“ß°—∫‡∂â“≈Õ¬ ‚¥¬Õ“»—¬À¡Ÿàøíß°å™—Ëπ∑“ß‡§¡’¢Õß
 “√§Ÿà§«∫‰´‡≈π∑’Ë¬÷¥‡°“–°—∫À¡Ÿàøíß°å™—Ëπ™π‘¥‰Œ¥√Õ° ‘́≈
(-OH) ¢Õß´‘≈‘°“„π‡∂â“≈Õ¬ [14] ®“°√Ÿª∑’Ë 1  “¡“√∂
 —ß‡°µ‡ÀÁπ‰¥â«à“‡ø ¢Õß¬“ß°—∫‡∂â“≈Õ¬„π°√≥’∑’Ë¡’°“√
ª√—∫ª√ÿßº‘«µ‘¥°—π (√Ÿª∑’Ë 1-¢) Õ¬à“ß‰√°Áµ“¡  ”À√—∫§à“
°“√¬◊¥µ—« ≥ ®ÿ¥¢“¥ ¢Õß«— ¥ÿº ¡„π°√≥’∑’Ë„™â‡∂â“≈Õ¬
™π‘¥ª√—∫ª√ÿßº‘«¡’§à“≈¥µË”≈ß ∑—Èßπ’È‡π◊ËÕß®“° º≈¢Õß°“√
‡™◊ËÕ¡°—π√–À«à“ß‡ø ¢Õß¬“ß·≈–‡∂â“≈Õ¬π—Èπ∑”„Àâ§«“¡
 “¡“√∂„π°“√¬◊¥µ—«¢Õß¬“ß≈¥≈ß

µ“√“ß∑’Ë 2  ¡∫—µ‘‡™‘ß°≈¢Õß«— ¥ÿ¬“ßº ¡√–À«à“ß¬“ß∏√√¡™“µ‘·≈–¬“ß§≈Õ‚√æ√’π∑’Ë —¥ à«π 50 µàÕ 50 ª√‘¡“≥´‘≈‘°“

„π‡∂â“≈Õ¬ 30  à«π„π¬“ß√âÕ¬ à«π

‡∂â“≈Õ¬

‰¡à‰¥âª√—∫ª√ÿßº‘«

ª√—∫ª√ÿßº‘«

¡Õ¥ÿ≈— ∑’Ë√–¬–¬◊¥

200 ‡ªÕ√å‡´Áπµå

(MPa)

1.6 ± 0.1

2.5 ± 0.0

§«“¡·¢Áß·√ß

 Ÿß ÿ¥

(MPa)

4.8 ± 0.7

5.5 ± 0.4

√–¬–°“√¬◊¥

≥ ®ÿ¥¢“¥

(%)

512 ± 39

458 ± 23

§«“¡·¢Áß∑’Ëº‘«

(Shore A)

54.5 ± 0.6

56.3 ± 0.8

§«“¡µâ“π∑“π

°“√©’°¢“¥

(kN/m)

15.7 ± 0.4

23.9 ± 0.8
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√Ÿª∑’Ë 1 ¿“æ —≥∞“π«‘∑¬“¢Õß«— ¥ÿ¬“ßº ¡√–À«à“ß¬“ß∏√√¡™“µ‘°—∫¬“ß§≈Õ‚√æ√’π∑’Ë —¥ à«π 50 µàÕ 50 ª√‘¡“≥´‘≈‘°“

„π‡∂â“≈Õ¬ 30  à«π„π¬“ß√âÕ¬ à«π

(°) ‡∂â“≈Õ¬∑’Ë‰¡àª√—∫ª√ÿßº‘« (¢) ‡∂â“≈Õ¬∑’Ëª√—∫ª√ÿßº‘«

 ”À√—∫°“√‡ª√’¬∫‡∑’¬∫º≈¢Õß ¿“«–°“√∫à¡‡√àß¢Õß
«— ¥ÿ¬“ßº ¡„™â‡∂â“≈Õ¬™π‘¥ª√—∫ª√ÿßº‘«¥â«¬ “√§Ÿà§«∫‰´‡≈π
‚¥¬∑”°“√»÷°…“ ¡∫—µ‘‡™‘ß°≈¥â“πµà“ßÊ ‰¥â·°à  ¡∫—µ‘°“√
∑π·√ß¥÷ß  ¡∫—µ‘§«“¡µâ“π∑“π°“√©’°¢“¥ ·≈–§«“¡·¢Áß
∑’Ëº‘« º≈°“√∑¥≈Õß· ¥ß¥—ß√Ÿª∑’Ë 2-6

√Ÿª∑’Ë 2 · ¥ßº≈°“√∑¥ Õ∫§à“¡Õ¥ÿ≈— ¢Õß«— ¥ÿ¬“ß
º ¡∑’Ë√–¬–¬◊¥ 200 ‡ªÕ√å‡ Á́πµå  ”À√—∫„π°√≥’°“√
∑¥ Õ∫™‘Èπß“π°àÕπ°“√∫à¡‡√àß æ∫«à“ °“√‡æ‘Ë¡ª√‘¡“≥
¬“ß∏√√¡™“µ‘„π«— ¥ÿ¬“ßº ¡ àßº≈„Àâ§à“¥—ß°≈à“«≈¥≈ß
‡≈Á°πâÕ¬ ‡π◊ËÕß®“°¬“ß∑—Èß Õß™π‘¥∑’Ë„™â„π°“√«‘®—¬π’È ¡’
§«“¡·¢Áß·°√àß„°≈â‡§’¬ß°—π  —ß‡°µ‰¥â®“°§à“¡Õ¥ÿ≈— ¢Õß
¬“ß∏√√¡™“µ‘·≈–¬“ß§≈Õ‚√æ√’π°àÕππ”¡“º ¡°—π  à«π
°“√‡æ‘Ë¡ª√‘¡“≥ ‘́≈‘°“„π‡∂â“≈Õ¬æ∫«à“§à“¡Õ¥ÿ≈— ‡æ‘Ë¡ Ÿß¢÷Èπ
∑—Èßπ’È‡π◊ËÕß®“°‡ªìπº≈¡“®“° ¡∫—µ‘¢Õß‡∂â“≈Õ¬∑’Ë®—¥‡ªìπ
Õπÿ¿“§∑’Ë¡’§«“¡·¢Áß Ÿß°«à“¬“ß  ”À√—∫„π°√≥’°“√∫à¡‡√àß
¥â«¬§«“¡√âÕπ àßº≈„Àâ§à“¡Õ¥ÿ≈— ¢Õß«— ¥ÿ¬“ßº ¡‡æ‘Ë¡ Ÿß¢÷Èπ
∑—Èßπ’È§“¥«à“‡°‘¥®“°º≈¢Õß°“√ ÿ°µ—«À≈—ß°“√‡°‘¥ªØ‘°‘√‘¬“
«—≈§“‰π‡´™—π∑’Ë‡°‘¥¢÷Èπ√–À«à“ß°“√¢÷Èπ√Ÿª À√◊Õ‡√’¬°«à“°“√
‡°‘¥ Post curing ´÷Ëß àßº≈„Àâ “¬‚´à‡™◊ËÕ¡‚¬ßÀ√◊Õæ—π∏–
°”¡–∂—π√–À«à“ß‚¡‡≈°ÿ≈‡ª≈’Ë¬π®“° “¬‚´à¬“« (Poly-
sulfidic) ‡ªìπ “¬‚ à́∑’Ë¡’¢π“¥ —Èπ≈ß (Mono- À√◊Õ Di-
sulfidic) ·≈– àßº≈∑”„Àâ§«“¡Àπ“·πàπ¢Õßæ—π∏–‡™◊ËÕ¡

¢«“ß‡æ‘Ë¡ Ÿß¢÷Èπ [1]  ”À√—∫°√≥’∫à¡‡√àß¥â«¬§«“¡√âÕπ„π
πÈ”¡—π‰Œ¥√Õ≈‘° æ∫«à“ §à“¡Õ¥ÿ≈— ≈¥µË”≈ßÕ¬à“ß™—¥‡®π
µ“¡ª√‘¡“≥¬“ß∏√√¡™“µ‘ ∑—Èßπ’È§“¥«à“¡’ “‡Àµÿ¡“®“°¬“ß
∏√√¡™“µ‘¡’§«“¡µâ“π∑“πµàÕπÈ”¡—π∑’ËµË”°«à“¬“ß§≈Õ‚√æ√’π
¡“° ¥—ßπ—Èπ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß®÷ß∑”„ÀâπÈ”¡—π “¡“√∂·∑√°µ—«
Õ¬ŸàÀ«à“ß‚¡‡≈°ÿ≈¢Õß«— ¥ÿ¬“ßº ¡‰¥âßà“¬ ‡°‘¥ª√“°Ø°“√≥å
æ≈“ µ‘‰´‡´™—π (Plasticization Effect)  àßº≈„Àâ«— ¥ÿ
¬“ßº ¡π‘Ë¡¢÷ÈπÀ√◊Õ∑”„Àâ«— ¥ÿ¡’§à“¡Õ¥ÿ≈— µË”≈ß‚¥¬‡©æ“–
«— ¥ÿ¬“ßº ¡∑’Ë¡’ª√‘¡“≥¬“ß∏√√¡™“µ‘¡“° ®“°º≈°“√
∑¥ Õ∫ ¡∫—µ‘‡™‘ß°≈¢â“ßµâπ “¡“√∂ —ß‡°µ‰¥â®“°¿“æ∂à“¬
 —≥∞“π«‘∑¬“¢Õß«— ¥ÿ¬“ßº ¡∑’Ë· ¥ß¥—ß√Ÿª∑’Ë 3 ´÷Ëß‡ªìπ
«— ¥ÿ¬“ßº ¡∑’Ë¡’ª√‘¡“≥¬“ß∏√√¡™“µ‘√âÕ¬≈– 50 ·≈–¡’
´‘≈‘°“„π‡∂â“≈Õ¬Õ¬Ÿà∑’Ëª√‘¡“≥ 30  à«π„π¬“ß√âÕ¬ à«π ®–
 —ß‡°µ‡ÀÁπ«à“¿“æ∂à“¬™‘Èπß“π°√≥’∑’Ëºà“π°“√∫à¡‡√àß¥â«¬
§«“¡√âÕπ„ππÈ”¡—π‰Œ¥√Õ≈‘°¡’§«“¡¢√ÿ¢√–¡“°¢÷Èπ ∑—Èßπ’È
‡π◊ËÕß®“°ª√“°Ø°“√≥åæ≈“ µ‘‰´‡´™—π·≈–°“√∫«¡µ—«∑’Ë
 Ÿß¢÷Èπ¢Õß«—Ø¿“§¬“ß (√Ÿª∑’Ë 3-§) ÷́Ëß§“¥«à“ º≈¢Õß°“√
·™à™‘Èπß“π„ππÈ”¡—π∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ∑”„ÀâπÈ”¡—π “¡“√∂
·∑√°µ—«Õ¬Ÿà√–À«à“ß “¬‚ à́ ‚¡‡≈°ÿ≈¢Õß¬“ß „π¢≥–∑’Ë
 —≥∞“π«‘∑¬“¢Õß™‘Èπß“π„π°√≥’ºà“π°“√∫à¡‡√àß¥â«¬§«“¡
√âÕπ (√Ÿª∑’Ë 3-¢) ‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß‡¡◊ËÕ‡∑’¬∫°—∫°√≥’
™‘Èπß“π∑’Ë‰¡à‰¥âºà“π°“√∫à¡‡√àß (√Ÿª∑’Ë 3-°)
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(°) °àÕπ∫à¡‡√àß (¢) ∫à¡‡√àß¥â«¬§«“¡√âÕπ (§) ∫à¡‡√àß¥â«¬§«“¡√âÕπ„ππÈ”¡—π

(°) °àÕπ∫à¡‡√àß (¢) ∫à¡‡√àß¥â«¬§«“¡√âÕπ (§) ∫à¡‡√àß¥â«¬§«“¡√âÕπ„ππÈ”¡—π

√Ÿª∑’Ë 2 ¡Õ¥ÿ≈— ∑’Ë√–¬–¬◊¥ 200 ‡ªÕ√å‡´Áπµå ¢Õß«— ¥ÿ¬“ßº ¡√–À«à“ß¬“ß∏√√¡™“µ‘·≈–¬“ß§≈Õ‚√æ√’π∑’Ë¡’´‘≈‘°“„π‡∂â“≈Õ¬

º ¡Õ¬Ÿàª√‘¡“≥µà“ßÊ (§à“§«“¡‡∫’Ë¬ß‡∫π¡“µ√∞“π = 0.05)

√Ÿª∑’Ë 3 ‚§√ß √â“ß®ÿ≈¿“§¢Õß«— ¥ÿ¬“ßº ¡‡ª√’¬∫‡∑’¬∫∑’Ë ¿“«–∫à¡‡√àßµà“ßÊ («— ¥ÿ¬“ßº ¡√–À«à“ß¬“ß§≈Õ‚√æ√’π°—∫

¬“ß∏√√¡™“µ‘∑’Ë —¥ à«π 50 µàÕ 50 ∑’Ë¡’ª√‘¡“≥´‘≈‘°“„π‡∂â“≈Õ¬ 30  à«π„π¬“ß√âÕ¬ à«π)

§à“§«“¡·¢Áß·√ß Ÿß ÿ¥¢Õß«— ¥ÿ¬“ßº ¡ · ¥ß¥—ß√Ÿª∑’Ë
4 æ∫«à“ °√≥’°“√∑¥ Õ∫™‘Èπß“π°àÕπ°“√∫à¡‡√àß °“√‡æ‘Ë¡
ª√‘¡“≥¬“ß∏√√¡™“µ‘ àßº≈µàÕ ¡∫—µ‘¥—ß°≈à“«‡≈Á°πâÕ¬ ∑—Èßπ’È
¡’‡Àµÿº≈‡™àπ‡¥’¬«°—∫°√≥’°“√∑¥ Õ∫§à“¡Õ¥ÿ≈—  „π¢≥–
∑’Ë°√≥’°“√∑¥ Õ∫™‘Èπß“πÀ≈—ß°“√∫à¡‡√àß æ∫«à“ º≈¢Õß
°“√‡æ‘Ë¡ª√‘¡“≥¬“ß∏√√¡™“µ‘∑”„Àâ§à“§«“¡·¢Áß·√ß Ÿß ÿ¥
≈¥≈ßÕ¬à“ß™—¥‡®π ∑—Èßπ’È‡π◊ËÕß®“°¬“ß∏√√¡™“µ‘¡’§«“¡
«àÕß‰«µàÕ ¿“«–°“√∫à¡‡√àß¡“°°«à“¬“ß§≈Õ‚√æ√’π  à«π
°“√‡æ‘Ë¡ª√‘¡“≥‡∂â“≈Õ¬æ∫«à“§à“§«“¡·¢Áß Ÿß ÿ¥≈¥µË”≈ß

‡π◊ËÕß®“° «— ¥ÿ¬“ßº ¡¡’‡ø ¢Õß¬“ß≈¥≈ß √«¡∑—Èßº≈¢Õß
°“√∑’ËÕπÿ¿“§‡∂â“≈Õ¬∑”„Àâ‡ø ¢Õß¬“ß‡°‘¥§«“¡‰¡àµàÕ
‡π◊ËÕßÀ√◊Õ¡’®ÿ¥∫°æ√àÕß‡æ‘Ë¡ Ÿß¢÷Èπ πÕ°®“°π’È¬—ß§“¥«à“
‡π◊ËÕß®“°Õπÿ¿“§‡∂â“≈Õ¬∑’Ë¡’¢π“¥„À≠à„π«— ¥ÿ¬“ßº ¡‡°‘¥
°“√·µ°ÕÕ°‡ªìπÕπÿ¿“§¢π“¥‡≈Á°¢≥–∑”°“√∫¥º ¡ ∑”„Àâ
Õπÿ¿“§¢Õß‡∂â“≈Õ¬∫“ß à«π∑’Ë‰¡à‰¥â√—∫°“√ª√—∫ª√ÿßº‘«¥â«¬
‰´‡≈π‡ªìπ®ÿ¥∫°æ√àÕß„π™‘Èπß“π ·≈–‡°‘¥§«“¡‰¡àµàÕ‡π◊ËÕß
¢Õß‡ø ¬“ß [15]  ”À√—∫°√≥’°“√∫à¡‡√àß™‘Èπß“π¥â«¬
§«“¡√âÕπæ∫«à“ «— ¥ÿ¬“ßº ¡¡’§à“§«“¡·¢Áß·√ß≈¥≈ß‡≈Á°
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πâÕ¬ ‡π◊ËÕß®“°º≈¢Õß°“√‡°‘¥ Post curing [16]  à«π
°√≥’∫à¡‡√àß¥â«¬§«“¡√âÕπ„ππÈ”¡—π‰Œ¥√Õ≈‘° æ∫«à“ §à“

§«“¡·¢Áß·√ß Ÿß ÿ¥¢Õß«— ¥ÿ¬“ßº ¡≈¥≈ßÕ¬à“ß™—¥‡®π
‚¥¬¡’§”Õ∏‘∫“¬‡™àπ‡¥’¬«°—∫º≈°“√∑¥ Õ∫§à“¡Õ¥ÿ≈— 

(°) °àÕπ∫à¡‡√àß (¢) ∫à¡‡√àß¥â«¬§«“¡√âÕπ (§) ∫à¡‡√àß¥â«¬§«“¡√âÕπ„ππÈ”¡—π

√Ÿª∑’Ë 4 §«“¡·¢Áß·√ß Ÿß ÿ¥¢Õß«— ¥ÿ¬“ßº ¡√–À«à“ß¬“ß∏√√¡™“µ‘·≈–¬“ß§≈Õ‚√æ√’π∑’Ë¡’´‘≈‘°“„π‡∂â“≈Õ¬º ¡Õ¬Ÿà

ª√‘¡“≥µà“ßÊ (§à“§«“¡‡∫’Ë¬ß‡∫π¡“µ√∞“π = 0.4)

§à“°“√¬◊¥µ—« ≥ ®ÿ¥¢“¥¢Õß«— ¥ÿ¬“ßº ¡· ¥ß¥—ß√Ÿª∑’Ë
5 º≈¢Õßª√‘¡“≥¬“ß∏√√¡™“µ‘ æ∫«à“  àßº≈„Àâ§à“°“√¬◊¥
µ—« ≥ ®ÿ¥¢“¥¢Õß™‘Èπß“π°àÕπ°“√∫à¡‡√àß≈¥≈ß‡≈Á°πâÕ¬  à«π
°√≥’™‘Èπß“πÀ≈—ßºà“π°“√∫à¡‡√àß æ∫«à“ ª√‘¡“≥¬“ß
∏√√¡™“µ‘ àßº≈„Àâ ¡∫—µ‘¥—ß°≈à“«≈¥µË”≈ß ‚¥¬¡’§”Õ∏‘∫“¬
‡™àπ‡¥’¬«°—∫§à“§«“¡·¢Áß·√ß Ÿß ÿ¥¢Õß«— ¥ÿ¬“ßº ¡  à«π
°“√‡æ‘Ë¡ª√‘¡“≥´‘≈‘°“„π‡∂â“≈Õ¬ æ∫«à“ §à“°“√¬◊¥µ—« ≥
®ÿ¥¢“¥¢Õß«— ¥ÿ¬“ßº ¡≈¥µË”≈ß ∑—Èßπ’È‡π◊ËÕß®“°«— ¥ÿ¬“ß
º ¡¡’‡ø ¢Õß¬“ß≈¥≈ß √«¡∑—Èßº≈¢Õß°“√∑’ËÕπÿ¿“§‡∂â“
≈Õ¬∑”„Àâ‡ø ¢Õß¬“ß‡°‘¥§«“¡‰¡àµàÕ‡π◊ËÕßÀ√◊Õ¡’®ÿ¥
∫°æ√àÕß‡æ‘Ë¡ Ÿß¢÷Èπ  ”À√—∫º≈¢Õß°“√∫à¡‡√àß¥â«¬§«“¡
√âÕπæ∫«à“  àßº≈„Àâ ¡∫—µ‘¥—ß°≈à“«≈¥µË”≈ß‡¡◊ËÕ‡∑’¬∫°—∫
™‘Èπß“π°àÕπºà“π°“√∫à¡‡√àß ∑—Èßπ’È§“¥«à“‡π◊ËÕß®“°°“√‡°‘¥
Post curing ‡¡◊ËÕæ‘®“√≥“º≈¢Õß°“√∫à¡‡√àß¥â«¬§«“¡
√âÕπ„ππÈ”¡—π‰Œ¥√Õ≈‘° æ∫«à“ º≈¢Õß°“√‡æ‘Ë¡ª√‘¡“≥¬“ß
∏√√¡™“µ‘∑’Ë àßº≈µàÕ§à“¥—ß°≈à“«¡’·π«‚πâ¡‰¡à™—¥‡®π Õ¬à“ß‰√
°Áµ“¡ ”À√—∫™‘Èπß“π∑’Ë‡ªìπ¬“ß∏√√¡™“µ‘ §à“°“√¬◊¥µ—« ≥
®ÿ¥¢“¥¡’§à“µË”¡“°

√Ÿª∑’Ë 6 · ¥ß§à“§«“¡µâ“π∑“π°“√©’°¢“¥¢Õß«— ¥ÿ
¬“ßº ¡  ”À√—∫°“√∑¥ Õ∫™‘Èπß“π°àÕπ°“√∫à¡‡√àß æ∫«à“
°“√‡æ‘Ë¡ª√‘¡“≥¬“ß∏√√¡™“µ‘„π«— ¥ÿ¬“ßº ¡‰¡à àßº≈µàÕ
§à“§«“¡µâ“π∑“π°“√©’°¢“¥  à«πº≈°√–∑∫¥—ß°≈à“«„π
°√≥’°“√∑¥ Õ∫™‘Èπß“πÀ≈—ß°“√∫à¡‡√àß¥â«¬§«“¡√âÕπ·≈–
°“√∫à¡‡√àß¥â«¬§«“¡√âÕπ„ππÈ”¡—π‰Œ¥√Õ≈‘° àßº≈„Àâ§à“
§«“¡µâ“π∑“π°“√©’°¢“¥¢Õß«— ¥ÿ¬“ßº ¡≈¥≈ß „π¢≥–
∑’Ëº≈¢Õß°“√‡æ‘Ë¡ª√‘¡“≥´‘≈‘°“„π‡∂â“≈Õ¬ àßº≈„Àâ ¡∫—µ‘
¥—ß°≈à“«≈¥µË”≈ß∑—Èß°√≥’°àÕπ·≈–À≈—ß°“√∫à¡‡√àß ‚¥¬°“√
∫à¡‡√àß¥â«¬πÈ”¡—π‰Œ¥√Õ≈‘°¡’º≈∑”„Àâ«— ¥ÿ¬“ßº ¡¡’§«“¡
µâ“π∑“π°“√©’°¢“¥≈¥≈ß¡“°∑’Ë ÿ¥ ÷́Ëß®– —ß‡°µ‡ÀÁπ«à“¡’
§à“„°≈â‡§’¬ß°—π∑ÿ° —¥ à«π°“√º ¡´‘≈‘°“„π‡∂â“≈Õ¬Õ’°¥â«¬
∑—Èßπ’È “¡“√∂Õ∏‘∫“¬‡™àπ‡¥’¬«°—∫º≈°“√∑¥ Õ∫§à“§«“¡
·¢Áß·√ß Ÿß ÿ¥ ´÷Ëß®– —ß‡°µ‡ÀÁπ«à“¡’§à“„°≈â‡§’¬ß°—π∑ÿ°
 —¥ à«π°“√º ¡ ‘́≈‘°“„π‡∂â“≈Õ¬Õ’°¥â«¬ ∑—Èßπ’È “¡“√∂
Õ∏‘∫“¬‡™àπ‡¥’¬«°—∫º≈°“√∑¥ Õ∫§à“§«“¡·¢Áß·√ß Ÿß ÿ¥
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(°) °àÕπ∫à¡‡√àß (¢) ∫à¡‡√àß¥â«¬§«“¡√âÕπ (§) ∫à¡‡√àß¥â«¬§«“¡√âÕπ„ππÈ”¡—π

√Ÿª∑’Ë 5 √–¬–°“√¬◊¥µ—« ≥ ®ÿ¥¢“¥ ¢Õß«— ¥ÿ¬“ßº ¡√–À«à“ß¬“ß∏√√¡™“µ‘·≈–¬“ß§≈Õ‚√æ√’π∑’Ë¡’´‘≈‘°“„π‡∂â“≈Õ¬

º ¡Õ¬Ÿàª√‘¡“≥µà“ßÊ (§à“§«“¡‡∫’Ë¬ß‡∫π¡“µ√∞“π = 19)

º≈°“√∑¥≈Õß§à“§«“¡·¢Áß∑’Ëº‘«¢Õß«— ¥ÿ¬“ßº ¡
√–À«à“ß¬“ß∏√√¡™“µ‘·≈–¬“ß§≈Õ‚√æ√’π · ¥ß„π√Ÿª∑’Ë 7
æ∫«à“ º≈°“√∑¥≈Õß Õ¥§≈âÕß°—∫º≈°“√∑¥ Õ∫ ¡∫—µ‘
¡Õ¥ÿ≈— ¢Õß«— ¥ÿ¬“ßº ¡ ‚¥¬‡©æ“–º≈°√–∑∫¢Õß°“√

(°) °àÕπ∫à¡‡√àß (¢) ∫à¡‡√àß¥â«¬§«“¡√âÕπ (§) ∫à¡‡√àß¥â«¬§«“¡√âÕπ„ππÈ”¡—π

√Ÿª∑’Ë 6 §«“¡µâ“π∑“π°“√©’°¢“¥¢Õß«— ¥ÿ¬“ßº ¡√–À«à“ß¬“ß∏√√¡™“µ‘·≈–¬“ß§≈Õ‚√æ√’π∑’Ë¡’´‘≈‘°“„π‡∂â“≈Õ¬

º ¡Õ¬Ÿàª√‘¡“≥µà“ßÊ (§à“§«“¡‡∫’Ë¬ß‡∫π¡“µ√∞“π = 1.1)

‡æ‘Ë¡ª√‘¡“≥‡∂â“≈Õ¬π—Èπ  àßº≈µàÕ§à“§«“¡·¢Áß∑’Ëº‘«Õ¬à“ß
™—¥‡®π ‡π◊ËÕß®“°Õπÿ¿“§‡∂â“≈Õ¬∑’Ëº ¡„π«— ¥ÿ¬“ßº ¡¡’
§«“¡·¢Áß·°√àß Ÿß (Rigidity) ®÷ß∑”„Àâ°“√«—¥§«“¡·¢Áß∑’Ë
º‘«¢Õß™‘Èπß“π¡’§«“¡ —¡æ—π∏å‚¥¬µ√ß°—∫ª√‘¡“≥‡∂â“≈Õ¬
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°“√‡ª√’¬∫‡∑’¬∫√–À«à“ß«— ¥ÿ¬“ßº ¡ Ÿµ√«‘®—¬·≈–
º≈‘µ¿—≥±å¬“ß§≈Õ‚√æ√’π∑“ß°“√§â“

„π à«ππ’È ‰¥â∑”°“√§—¥‡≈◊Õ°·≈–‡ª√’¬∫‡∑’¬∫ ¡∫—µ‘
¢Õß«— ¥ÿ¬“ßº ¡„πß“π«‘®—¬π’È°—∫º≈‘µ¿—≥±å¬“ß§≈Õ
‚√æ√’π∑“ß°“√§â“„π¥â“π ¡∫—µ‘‡™‘ß°≈∑—Ë«‰ª·≈–µâπ∑ÿπ
√“§“«—µ∂ÿ¥‘∫ ‚¥¬™‘Èπß“π®“°º≈‘µ¿—≥±å∑“ß°“√§â“‡ªìπ¬“ß
§≈Õ‚√æ√’π·ºàπ‡√’¬∫ ¢÷Èπ√Ÿª¥â«¬‡§√◊ËÕßÕ—¥¢÷Èπ√Ÿª√âÕπ
·ºàπ¬“ß¥—ß°≈à“«¡’§«“¡°«â“ß 30 ´¡. §«“¡¬“« 30 ´¡.
·≈–§«“¡Àπ“ 2 ¡¡. ®“°∫√‘…—∑ ¬àß‰∑¬°“√¬“ß ®”°—¥
´÷Ëß™‘Èπß“π®“°º≈‘µ¿—≥±å∑“ß°“√§â“‡ªìπ Ÿµ√º≈‘µ¿—≥±å∑’Ë
„™âß“π‡ªìπ¬“ß√Õß‡§√◊ËÕß®—°√  “¬æ“π ·≈–∑àÕ¬“ß ‚¥¬
 ¡∫—µ‘‡™‘ß°≈¢Õßº≈‘µ¿—≥±å¬“ß§≈Õ‚√æ√’π∑“ß°“√§â“
‡ª√’¬∫‡∑’¬∫°—∫«— ¥ÿ¬“ßº ¡√–À«à“ß¬“ß∏√√¡™“µ‘·≈–
¬“ß§≈Õ‚√æ√’π∑’Ë —¥ à«π°“√º ¡ 25 µàÕ 75 ∑’Ëª√‘¡“≥
´‘≈‘°“„π‡∂â“≈Õ¬ 40  à«π„π¬“ßº ¡Àπ÷Ëß√âÕ¬ à«π ¿“¬„µâ
∑’Ë ¿“«–°“√∫à¡‡√àßµà“ßÊ º≈°“√∑¥≈Õß· ¥ß¥—ßµ“√“ß∑’Ë 3

(°) °àÕπ∫à¡‡√àß (¢) ∫à¡‡√àß¥â«¬§«“¡√âÕπ (§) ∫à¡‡√àß¥â«¬§«“¡√âÕπ„ππÈ”¡—π

√Ÿª∑’Ë 7 §«“¡·¢Áß∑’Ëº‘«¢Õß«— ¥ÿ¬“ßº ¡√–À«à“ß¬“ß∏√√¡™“µ‘·≈–¬“ß§≈Õ‚√æ√’π∑’Ë¡’‡∂â“≈Õ¬º ¡Õ¬Ÿàª√‘¡“≥µà“ßÊ

(§à“§«“¡‡∫’Ë¬ß‡∫π¡“µ√∞“π = 0.5)

´÷Ëßæ∫«à“  ¡∫—µ‘‡™‘ß°≈‚¥¬√«¡¢Õß¬“ßº ¡∑’Ëæ—≤π“¢÷Èπ
·≈–º≈‘µ¿—≥±å¬“ß§≈Õ‚√æ√’π∑“ß°“√§â“¡’§à“„°≈â‡§’¬ß°—π
º≈°√–∑∫¢Õß ¿“«–°“√∫à¡‡√àß¥â«¬§«“¡√âÕπ·≈–°“√
∫à¡‡√àß¥â«¬§«“¡√âÕπ„ππÈ”¡—π¢Õß¬“ßº ¡∑’Ëæ—≤π“¢÷Èπ
·≈–º≈‘µ¿—≥±å¬“ß§≈Õ‚√æ√’π∑“ß°“√§â“°Á‡ª≈’Ë¬π·ª≈ß‰ª
„π∑‘»∑“ß‡¥’¬«°—π

 ”À√—∫¿“æ —≥∞“π«‘∑¬“¢Õß™‘Èπß“π®“°º≈‘µ¿—≥±å
¬“ß§≈Õ‚√æ√’π∑“ß°“√§â“ ∑’Ë ¿“«–°“√∫à¡‡√àßµà“ßÊ · ¥ß
¥—ß√Ÿª∑’Ë 8 ‚¥¬∑—Èßπ’È§≥–ºŸâ«‘®—¬‰¡à‰¥â∑”°“√«‘‡§√“–ÀåÕß§å
ª√–°Õ∫·≈– à«πº ¡¢Õßº≈‘µ¿—≥±å¥—ß°≈à“« Õ¬à“ß‰√°Áµ“¡
®“°°“√µ√«® Õ∫≈—°…≥–æ◊Èπº‘«√–¥—∫®ÿ≈¿“§¢Õß¬“ß
§≈Õ‚√æ√’π∑“ß°“√§â“  “¡“√∂ —ß‡°µ‰¥â∂÷ß§«“¡‰¡àµàÕ‡π◊ËÕß
„π‡ø ¢Õß¬“ß∑—Èß„π°√≥’°àÕπ°“√∫à¡‡√àß·≈–À≈—ß°“√∫à¡‡√àß
∑”„Àâ‡™◊ËÕ‰¥â«à“º≈‘µ¿—≥±å¬“ß§≈Õ‚√æ√’π∑“ß°“√§â“¡’°“√
‡µ‘¡ “√‡µ‘¡·µàß™π‘¥Õ◊ËπÊ
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(°) °àÕπ∫à¡‡√àß (¢) ∫à¡‡√àß¥â«¬§«“¡√âÕπ (§) ∫à¡‡√àß¥â«¬§«“¡√âÕπ„ππÈ”¡—π

√Ÿª∑’Ë 8 ¿“æ —≥∞“π«‘∑¬“¢Õß¬“ß§≈Õ‚√æ√’π∑“ß°“√§â“‡ª√’¬∫‡∑’¬∫∑’Ë ¿“«–∫à¡‡√àßµà“ßÊ

µ“√“ß∑’Ë 3 °“√‡ª√’¬∫‡∑’¬∫ ¡∫—µ‘‡™‘ß°≈√–À«à“ß«— ¥ÿ¬“ßº ¡∑’Ë‰¥â®“°°“√«‘®—¬·≈–™‘Èπß“π¬“ß§≈Õ‚√æ√’π∑“ß°“√§â“

* (+) À¡“¬∂÷ß  ¡∫—µ‘∑’Ë‡æ‘Ë¡¢÷Èπ ·≈– (-) À¡“¬∂÷ß  ¡∫—µ‘∑’Ë≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫°àÕπ∫à¡‡√àß

¡Õ¥ÿ≈— ·√ß¥÷ß∑’Ë 200 % (MPa)

§«“¡·¢Áß·√ß Ÿß ÿ¥ (MPa)

°“√¬◊¥µ—« ≥ ®ÿ¥¢“¥ (%)

§«“¡µâ“π∑“π·√ß©’°¢“¥ (kN/m)

§«“¡·¢Áß∑’Ëº‘« (Shore A)

 ¡∫—µ‘

«— ¥ÿ¬“ßº ¡ NR:CR

∑’Ë —¥ à«π 25 : 75 ª√‘¡“≥´‘≈‘°“

„π‡∂â“≈Õ¬ 40 phr

¬“ß§≈Õ‚√æ√’π

∑“ß°“√§â“

°àÕπ°“√∫à¡‡√àß™‘Èπß“π

2.2 ± 0.1

4.9 ± 0.2

475 ± 16

17.5 ± 0.3

58 ± 1

2.9 ± 0.0

6.3 ± 0.2

468 ± 12

17.9 ± 0.5

64 ± 1

 ¡∫—µ‘∑’Ë‡ª≈’Ë¬π·ª≈ßÀ≈—ß°“√∫à¡‡√àß™‘Èπß“π¥â«¬§«“¡√âÕπ*

¡Õ¥ÿ≈— ·√ß¥÷ß∑’Ë 200 % (MPa)

§«“¡·¢Áß·√ß Ÿß ÿ¥ (MPa)

°“√¬◊¥µ—« ≥ ®ÿ¥¢“¥ (%)

§«“¡µâ“π∑“π·√ß©’°¢“¥ (kN/m)

§«“¡·¢Áß∑’Ëº‘« (Shore A)

+0.3

-0.6

-92

+1.8

+2.0

+0.1

-1.2

-106

-1.4

+2

 ¡∫—µ‘∑’Ë‡ª≈’Ë¬π·ª≈ßÀ≈—ß°“√∫à¡‡√àß™‘Èπß“π¥â«¬§«“¡√âÕπ„ππÈ”¡—π‰Œ¥√Õ≈‘°*

¡Õ¥ÿ≈— ·√ß¥÷ß∑’Ë 200 % (MPa)

§«“¡·¢Áß·√ß Ÿß ÿ¥ (MPa)

°“√¬◊¥µ—« ≥ ®ÿ¥¢“¥ (%)

§«“¡µâ“π∑“π·√ß©’°¢“¥ (kN/m)

§«“¡·¢Áß∑’Ëº‘« (Shore A)

-1.9

-4.1

-17

-6.7

-37

-1.5

-3.7

-84

-12.7

-43
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4.  √ÿªº≈°“√∑¥≈Õß
º≈°“√«‘®—¬æ∫«à“ °“√ª√—∫ª√ÿßº‘«‡∂â“≈Õ¬‚¥¬„™â “√§Ÿà

§«∫‰´‡≈π°àÕπ°“√º ¡„π«— ¥ÿ¬“ßº ¡√–À«à“ß¬“ß
∏√√¡™“µ‘·≈–¬“ß§≈Õ‚√æ√’π∑’Ë¡’‡∂â“≈Õ¬‡ªìπ “√µ—«‡µ‘¡
 àßº≈„Àâ ¡∫—µ‘‡™‘ß°≈¢Õß«— ¥ÿ¬“ßº ¡¥—ß°≈à“«‡æ‘Ë¡ Ÿß¢÷Èπ
‡¡◊ËÕæ‘®“√≥“™‘Èπß“π°àÕπºà“π°“√∫à¡‡√àß æ∫«à“ °“√‡æ‘Ë¡
ª√‘¡“≥¬“ß∏√√¡™“µ‘ àßº≈µàÕ ¡∫—µ‘‡™‘ß°≈‚¥¬√«¡‡≈Á°πâÕ¬
 à«π°“√‡æ‘Ë¡ª√‘¡“≥‡∂â“≈Õ¬ àßº≈„Àâ§à“¡Õ¥ÿ≈— ·≈–§«“¡
·¢Áß∑’Ëº‘«‡æ‘Ë¡ Ÿß¢÷Èπ „π¢≥–∑’Ë§à“§«“¡·¢Áß·√ß Ÿß ÿ¥ °“√
¬◊¥µ—« ≥ ®ÿ¥¢“¥ ·≈–§«“¡µâ“π∑“π°“√©’°¢“¥≈¥≈ß  à«π
Õ‘∑∏‘æ≈¢Õß ¿“«–°“√∫à¡‡√àß¥â«¬§«“¡√âÕπ‡¡◊ËÕ‡∑’¬∫°—∫
™‘Èπß“π°àÕπºà“π°“√∫à¡‡√àß æ∫«à“  àßº≈„Àâ ¡∫—µ‘‡™‘ß°≈
 à«π„À≠à‡æ‘Ë¡ Ÿß¢÷Èπ ¬°‡«âπ§à“§«“¡·¢Áß·√ß Ÿß ÿ¥ ·≈–
°“√¬◊¥µ—« ≥ ®ÿ¥¢“¥  à«πº≈¢Õßª√‘¡“≥¬“ß∏√√¡™“µ‘
æ∫«à“  àßº≈„Àâ ¡∫—µ‘‡™‘ß°≈ à«π„À≠à≈¥µË”≈ß ¬°‡«âπ§à“
¡Õ¥ÿ≈— ·≈–§à“§«“¡·¢Áß∑’Ëº‘«∑’Ëæ∫«à“‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß
‡≈Á°πâÕ¬ ·≈–‡¡◊ËÕæ‘®“√≥“º≈¢Õßª√‘¡“≥´‘≈‘°“„π‡∂â“≈Õ¬
æ∫«à“„Àâ·π«‚πâ¡‡™àπ‡¥’¬«°—π°—∫º≈¢Õß™‘Èπß“π°àÕπºà“π
°“√∫à¡‡√àß  ”À√—∫°“√∫à¡‡√àß¥â«¬§«“¡√âÕπ„ππÈ”¡—π àß
º≈„Àâ ¡∫—µ‘‡™‘ß°≈∑—ÈßÀ¡¥≈¥µË”≈ßÕ¬à“ß™—¥‡®π‡¡◊ËÕ‡∑’¬∫
°—∫™‘Èπß“π°àÕπºà“π°“√∫à¡‡√àß ‚¥¬‡©æ“–«— ¥ÿ¬“ßº ¡∑’Ë¡’
 —¥ à«πª√‘¡“≥¬“ß∏√√¡™“µ‘ Ÿß ¬°‡«âπº≈¢Õß§à“°“√¬◊¥µ—«
≥ ®ÿ¥¢“¥ „π à«π°“√‡ª√’¬∫‡∑’¬∫™‘Èπß“π®“°º≈‘µ¿—≥±å
∑“ß°“√§â“°—∫«— ¥ÿ¬“ßº ¡ Ÿµ√«‘®—¬ æ∫«à“ «— ¥ÿ¬“ßº ¡
√–À«à“ß¬“ß∏√√¡™“µ‘µàÕ¬“ß§≈Õ‚√æ√’π∑’Ë —¥ à«π 25 µàÕ
75 ∑’Ë¡’´‘≈‘°“„π‡∂â“≈Õ¬ 40  à«π„π¬“ß√âÕ¬ à«π ‡ªìπ«— ¥ÿ
¬“ßº ¡ Ÿµ√«‘®—¬∑’Ë¡’ ¡∫—µ‘ ‡™‘ ß°≈∑’Ë¥’ ‡¡◊Ë Õ ‡∑’¬∫°—∫
º≈‘µ¿—≥±å¬“ß§≈Õ‚√æ√’π∑“ß°“√§â“

5. °‘µµ‘°√√¡ª√–°“»
§≥–«‘®—¬œ ¢Õ¢Õ∫§ÿ≥ ”π—°ß“π§≥–°√√¡°“√«‘®—¬

·Ààß™“µ‘ («™.) ∑’Ë„Àâ°“√ π—∫ πÿπ‡ß‘π∑ÿπ«‘®—¬ ª√–®”
ªïß∫ª√–¡“≥ 2551

6. ‡Õ° “√Õâ“ßÕ‘ß
1. Sae-oui, P., Sirisinha, C., Wantana, Th. and

Hatthapanit, K., 2007, çInfluence of Silica Loading
on the Mechanical Properties and Resistance to

Oil and Thermal Aging of NR/CR Blendsé, Journal
of Applied Polymer Science, Vol. 104, No. 5, pp.
3478-3483.

2. Ismail, H. and Leong, H.C., 2001, çCuring Cha-
racteristics and Mechanical Properties of Natural
Rubber/Chloroprene Rubber and Epoxidized Natu-
ral Rubber/Chloroprene Rubber Blendsé, Polymer
Testing, Vol. 20, No. 5, pp. 509-516.

3. Ramesan, M.T., Alex, R. and Khanh, N.V., 2005,
çStudies on the Cure and Mechanical Properties of
Blends of Natural Rubber with Dichlorocarbene
modified Styrene›Butadiene Rubber and Chloro-
prene Rubberé, Reactive and Functional Polymers,
Vol. 62, No. 1, pp. 41-50.

4. Sae-oui, P., Sirisinha, C., Thepsuwan, U. and
Hatthapanit K., 2006, çRoles of Silane Coupling
Agents on Properties of Silica-Filled Poly-
chloropreneé, European Polymer Journal, Vol. 42,
No. 3, pp. 479-486.

5. «√“¿√≥å ¢®√‰™¬°Ÿ≈, Õ—®©√’ µ√–°“√«√“¿√≥å ·≈–
™Ÿ™“µ‘ ∫“√¡’, 2545, ç°“√æ—≤π“¬“ßº ¡√–À«à“ß¬“ß
∏√√¡™“µ‘·≈–¬“ß§≈Õ‚√æ√’π ”À√—∫°“√º≈‘µ¬“ß°—πΩÿÉπé,
«“√ “√ ”π—°ß“π§≥–°√√¡°“√«‘®—¬·Ààß™“µ‘, ªï∑’Ë 36, ©∫—∫
∑’Ë 2, Àπâ“ 183-208.

6. ≥√ß§åƒ∑∏‘Ï  ¡∫—µ‘ ¡¿æ ·≈–»‘√‘π∑√ ∑Õß· ß, 2548,
√“¬ß“π°“√«‘®—¬©∫—∫ ¡∫Ÿ√≥å‚§√ß°“√  ¿“«–°“√º≈‘µ
·≈– ¡∫—µ‘¢Õßº≈‘µ¿—≥±å¬“ß∏√√¡™“µ‘∑’Ë¡’‡∂â“≈Õ¬‡ªìπ “√
‡µ‘¡·µàß,  ”π—°ß“π°Õß∑ÿπ π—∫ πÿπ°“√«‘®—¬, Àπâ“ 96-99.

7. ™—¬ ®“µÿ√æ‘∑—°…å°ÿ≈,  ÿ√‡™…∞å ®÷ß‡°…¡‚™§™—¬
·≈–«√“¿√≥å §ÿ≥“«π“°‘®, 2542, ç§ÿ≥ ¡∫—µ‘æ◊Èπ∞“π∑“ß
‡§¡’·≈–°“¬¿“æ¢Õß‡∂â“≈Õ¬é, «“√ “√ °øº., ªï∑’Ë 8, ©∫—∫
∑’Ë 4, Àπâ“ 13-23.

8. «√“¿√≥å §ÿ≥“«π“°‘®, 2540, ç°“√«‘‡§√“–Àå∂à“π
·≈–‡∂â“≈‘°‰πµå„π‚√ß‰øøÑ“é, «“√ “√ °øº., ªï∑’Ë 6, ©∫—∫∑’Ë
7, Àπâ“ 68-77.

9.  ¡™—¬ °°°”·Àß, 2539, ç»—°¬¿“æ°“√π”‡∂â“≈Õ¬
≈‘°‰πµå·¡à‡¡“–‰ª„™âª√–‚¬™πåé, «“√ “√ °øº., ªï∑’Ë 5, ©∫—∫
∑’Ë 2, Àπâ“ 48-57.



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 33 ©∫—∫∑’Ë 1 ¡°√“§¡ - ¡’π“§¡ 2553 37

10. Garde, K., McGill, W.J. and Woolard, C.D.,
1999, çSur face Modif icat ion of Fly Ash-
Characterisation and Evaluation as Reinforcing Filler
in Polyisopreneé, Plastics, Rubber and Composites,
Vol. 28, No. 1, pp. 1-10.

11. Sombatsompop, N. and Thongsang, S., 2006,
çEffect of NaOH and Si-69 Treatments on the Prop-
erties of Fly Ash/Natural Rubber Compositesé, Poly-
mer Composites, Vol. 27, No. 1, pp. 34-40.

12. ≥√ß§åƒ∑∏‘Ï  ¡∫—µ‘ ¡¿æ, ‡Õ°™—¬ «‘¡≈¡“≈“
·≈–∏’√–»—°¥‘Ï À¡“°º‘π, 2006, ç°“√»÷°…“«— ¥ÿ‡™‘ß
ª√–°Õ∫√–À«à“ß‡Õ ∫’Õ“√å∑’¡’‡∂â“≈Õ¬‡ªìπ “√‡µ‘¡·µàß
‚¥¬„™â “√§Ÿà§«∫‰´‡≈π™π‘¥ Si-69  ”À√—∫ª√—∫ª√ÿßº‘«
‡∂â“≈Õ¬é, «“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏., ªï∑’Ë 29, ©∫—∫∑’Ë 3,
Àπâ“ 353-373.

13. Hong-bo, Z. and Lu-bin, W., 2007, çScreening
of Surface Medication Agents and Modification
Mechanism of Fly Ashé, Journal of China University
of Mining & Technology, Vol. 17, No. 3, pp. 341-344.

14. ≥√ß§åƒ∑∏‘Ï  ¡∫—µ‘ ¡¿æ, ‡Õ°™—¬ «‘¡≈¡“≈“
·≈–∏’√–»—°¥‘Ï À¡“°º‘π, 2007, çÕ‘∑∏‘æ≈¢Õß°“√ª√—∫ª√ÿß
º‘«‡∂â“≈Õ¬¥â«¬ Si69 ·≈–°“√∫à¡‡√àß¥â«¬§«“¡√âÕπ
∑’Ë¡’µàÕ ¡∫—µ‘¢Õß¬“ßº ¡√–À«à“ß¬“ß∏√√¡™“µ‘°—∫
¬“ß‡Õ ∫’Õ“√åé, «“√ “√ ß¢≈“π§√‘π∑√å «∑∑., ªï∑’Ë 29,
©∫—∫∑’Ë 5, Àπâ“ 1378-1391.

15. ‡Õ°™—¬ «‘¡≈¡“≈“, °ƒ…√“ §ßπ«≈ ·≈–≥√ß§åƒ∑∏‘Ï
 ¡∫—µ‘ ¡¿æ, 2552, √“¬ß“π«‘®—¬©∫—∫ ¡∫Ÿ√≥å‚§√ß°“√
¬“ß‡´≈≈Ÿ≈“√å®“°«— ¥ÿº ¡¬“ß∏√√¡™“µ‘°—∫¬“ß‡Õ ∫’Õ“√å
 ”À√—∫º≈‘µ¿—≥±å¬“ßª–‡°Áπ·≈–¬“ß√Õß°—π°√–·∑°: ‡ √‘¡
·√ß‚¥¬ºß‡∂â“≈Õ¬ ºß´‘≈‘°“ ·≈–ºß‡¢¡à“¥”,  ”π—°ß“π
°Õß∑ÿπ π—∫ πÿπ°“√«‘®—¬, Àπâ“ 45-54.

16. Buzarûe, J.Y., Silly, G., Emery, J., Boccaccio,
G. and Rouault, E., 2001, çAging Effects on Vulca-
nized Natural Rubber Studied by High Resolution
Solid State 13C-NMRé, European Polymer Journal,
Vol. 37, No. 1, pp. 85-91.




