
∫∑§«“¡«‘®—¬

 ¡∫—μ‘‡™‘ß°≈¢Õß«— ¥ÿº ¡™’«¿“æ‡ √‘¡·√ß¥â«¬‡ âπ„¬√“°À≠â“
·Ω°º ¡‡ âπ„¬¡–æ√â“« ·≈–º ¡‡ âπ„¬‡ª≈◊Õ°∂—Ë«≈‘ ß

„πÕ—μ√“ à«π∑’Ë·μ°μà“ß°—π

æß»∏√ °Õß·°â«1* «‘®‘μ√ ‡™“«å«—π°≈“ß2 ·≈– ‰æ±Ÿ√¬å  ÿ¢»√’ß“¡3

∫∑§—¥¬àÕ

°“√«‘®—¬§√—Èßπ’È¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“ ¡∫—μ‘‡™‘ß°≈¢Õß«— ¥ÿº ¡™’«¿“æ ‚¥¬·∫àßÕÕ°‡ªìπ
2  à«π ¥—ßπ’È 1) »÷°…“Õ—μ√“ à«π∑’Ë‡À¡“– ¡√–À«à“ß‡ âπ„¬√“°À≠â“·Ω°º ¡‡ âπ„¬¡–æ√â“« (C1) ·≈–
‡ âπ„¬√“°À≠â“·Ω°º ¡‡ âπ„¬‡ª≈◊Õ°∂—Ë«≈‘ ß (C2) ·≈– 2) »÷°…“ ¡∫—μ‘‡™‘ß°≈ ‰¥â·°à §«“¡∑π·√ß¥÷ß ¡Õ¥Ÿ≈— 
·√ß¥÷ß §«“¡∑π·√ß¥—¥‚§âß ¡Õ¥Ÿ≈— ·√ß¥—¥‚§âß ·≈–§«“¡∑π·√ß°√–·∑° ‚¥¬«“ß·ºπ°“√∑¥≈Õß·∫∫ 2 Ó 5
Factorial μ“¡·ºπ°“√∑¥≈Õß·∫∫ ÿà¡ ¡∫Ÿ√≥å ®”π«π 3 È́” º≈°“√∑¥≈Õßæ∫«à“ «— ¥ÿº ¡‡ √‘¡·√ß¥â«¬
‡ âπ„¬√“°À≠â“·Ω°º ¡‡ª≈◊Õ°∂—Ë«≈‘ ß (C2) ∑’ËÕ—μ√“ à«π 1:1 ¡’§à“§«“¡∑π·√ß¥÷ß ¡Õ¥Ÿ≈— ·√ß¥÷ß §«“¡
∑π·√ß¥—¥‚§âß ·≈–¡Õ¥Ÿ≈— ·√ß¥—¥‚§âß Ÿß ÿ¥ ‡∑à“°—∫ 28.72 MPa 918.00 MPa 30.38 MPa ·≈– 911.16
MPa μ“¡≈”¥—∫  à«π ¡∫—μ‘§«“¡∑π·√ß°√–·∑° Ÿß ÿ¥ ‡∑à“°—∫ 8.51 kJ/m2  ¢Õß«— ¥ÿº ¡‡ √‘¡·√ß¥â«¬
‡ âπ„¬√“°À≠â“·Ω°º ¡‡ âπ„¬¡–æ√â“« (C1) ∑’ËÕ—μ√“ à«π 5:5 ·≈–®“°°“√«‘‡§√“–Àå‚§√ß √â“ß∑“ß®ÿ≈¿“§
æ∫«à“  ¡∫—μ‘‡™‘ß°≈¢Õß«— ¥ÿº ¡¡’§à“‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß®“°æ—π∏–¿“¬„π∑’Ë¬÷¥‡°“–√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´å
‡°‘¥¢÷Èπ‰¥â¥’ ·≈–§«“¡‡§√’¬¥·√ß¥÷ß —¡æ—π∏å°—∫§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫·≈–°√–®“¬·√ßÕ¬à“ß ¡Ë”‡ ¡Õ∑—Ë«
∑—Èßæ◊Èπº‘«¢Õß«— ¥ÿº ¡ πÕ°®“°π’È °“√‡°‘¥™àÕß«à“ß√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´å  àßº≈„Àâ ¡∫—μ‘‡™‘ß°≈¢Õß
«— ¥ÿº ¡¡’§à“≈¥≈ß

§” ”§—≠:  ¡∫—μ‘‡™‘ß°≈ «— ¥ÿº ¡™’«¿“æ ‡ âπ„¬√“°À≠â“·Ω° ‡ âπ„¬¡–æ√â“« ‡ âπ„¬‡ª≈◊Õ°∂—Ë«≈‘ ß
Õ—μ√“ à«π∑’Ë·μ°μà“ß°—π

1 “¢“«‘™“øî ‘° å §≥–«‘∑¬“»“ μ√å·≈–‡∑§‚π‚≈¬’ ¡À“«‘∑¬“≈—¬√“™¿—Ø¡À“ “√§“¡
2 “¢“«‘™“øî ‘° å §≥–«‘∑¬“»“ μ√å·≈–‡∑§‚π‚≈¬’ ¡À“«‘∑¬“≈—¬√“™¿—Ø¡À“ “√§“¡
3§≥– ‘Ëß·«¥≈âÕ¡·≈–∑√—æ¬“°√»“ μ√å ¡À“«‘∑¬“≈—¬¡À“ “√§“¡
*ºŸâπ‘æπ∏åª√– “πß“π, e-mail: ch_ko29@hotmail.com



SWU Sci. J. Vol. 33 No. 1 (2017)160

Mechanical Properties of Biocomposites Reinforced
by Vetiver Root Fiber Mixed with Coconut Fiber

and Peanut Shell Fiber at Different Ratios

Pongsathorn Kongkaew1*, Wijit Choawanklang2, and Paitoon Suksri-ngam3

ABSTRACT

This research aimed to study mechanical properties of biocomposites with 2 specific
objectives: 1) to study of optimal ratio of vetiver root fiber mixed with coconut fiber (C1) and
vetiver root fiber mixed with peanut shell fiber (C2) and 2) to study of mechanical properties
such as tensile strength, tensile modulus, flexural strength, flexural modulus and impact strength.
The experimental design was 2 Ó 5 factorial in completely randomized design (CRD) with
3 replications. The findings of experiment showed that the composites reinforced with vetiver
root fiber mixed with peanut shell fiber (C2) at ratio 1:1 showed the most values of tensile
strength, tensile modulus, flexural strength and flexural modulus had their maximum values
which are 28.72 MPa, 918.00 MPa, 30.38 MPa, and 911.16 MPa respectively. For the impact
strength, the highest value of 8.51 kJ/m2 was of the composites reinforced with vetiver root fiber
mixed with coconut fiber (C1) at ratio 5:5. The analysis of the microstructure found that
mechanical properties of the composites increased because internal bond adhesion between fiber
and matrix was well formed and tensile strain associated with the ability to absorb and distribute
the force evenly across the surface of the composites. Moreover, the void between the fiber and
matrix, which decreased the mechanical properties of the composite.

Keywords: Mechanical properties, Bio composites, Vetiver root fiber, Coconut fiber, Peanut
shell fiber, Different ratios
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∫∑π”
§«“¡·¢Áß·√ß¢Õß«— ¥ÿ¢÷ÈπÕ¬Ÿà°—∫§«“¡ “¡“√∂¢Õß«— ¥ÿ∑’Ë®–√—Èß¥â«¬·√ß°√–∑”‚¥¬ª√“»®“°°“√

‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß À√◊Õ°“√·μ°À—°  ¡∫—μ‘¢Õß«— ¥ÿπ—Èπ®–‡ªìπ≈—°…≥–‡©æ“–μ—«¢Õß«— ¥ÿ·μà≈–™π‘¥ ·≈–
 “¡“√∂∑¥ Õ∫‰¥â‚¥¬°“√¥÷ßÀ√◊Õ°“√Õ—¥ (tension or compression test) °“√∑¥ Õ∫μ—«Õ¬à“ß¢Õß«— ¥ÿ
‰¡à«à“®–‡ªìπ ‚≈À– ‡´√“¡‘° æÕ≈‘‡¡Õ√å ·≈–«— ¥ÿº ¡™π‘¥μà“ßÊ ®–μâÕß∑”‡ªìπ√Ÿª∑√ß ·≈–¢π“¥μ“¡
¡“μ√∞“π°àÕπ∑’Ë®–∑”°“√∑¥ Õ∫ ‡™àπ ¡“μ√∞“π ¡“§¡Õ‡¡√‘°—π ”À√—∫°“√∑¥ Õ∫«— ¥ÿ (American
Society for Testing and Materials Standard ASTM) ¡“μ√∞“πÕÿμ “À°√√¡≠’ËªÿÉπ (Japanese
Industrial Standard; JIS) À√◊Õ¡“μ√∞“πÕ◊ËπÊ ∑’Ë¬Õ¡√—∫°—π∑—Ë«‚≈° ´÷Ëß¡“μ√∞“π‡À≈à“π’È‡ªìπμ—«∫àß™’È ·≈–
 “¡“√∂‡ªìπ·π«∑“ß„π°“√∑¥ Õ∫«— ¥ÿ‰¥â [1]

«— ¥ÿº ¡™’«¿“æ (biocomposites) ‡ªìπ«— ¥ÿº ¡Õ’°™π‘¥Àπ÷Ëß∑’Ë°”≈—ß‰¥â√—∫§«“¡ π„®„πß“π
«— ¥ÿ»“ μ√å ‚¥¬‡©æ“–„πÕÿμ “À°√√¡¬“π¬πμå ‡™àπ °—π™π §Õπ‚´≈√∂¬πμå πÕ°®“°π’È¬—ß„™â∑”ª√–μŸ
Àπâ“μà“ß À≈—ß§“  –æ“π ‡√◊Õ¢π“¥‡≈Á° ‡ªìπμâπ ‡π◊ËÕß®“°‡ªìπ«— ¥ÿ∑’Ë‡ªìπ¡‘μ√°—∫ ‘Ëß·«¥≈âÕ¡À√◊Õπ”¡“‡ªìπ
Õ’°∑“ß‡≈◊Õ°Àπ÷Ëß ‡æ◊ËÕ„™â∑¥·∑π«— ¥ÿ ‘Èπ‡ª≈◊Õß·∫∫¥—Èß‡¥‘¡ ‚¥¬ “¡“√∂·∫àß°≈ÿà¡«— ¥ÿº ¡™’«¿“æÕÕ°‡ªìπ
«— ¥ÿº ¡™’«¿“æ∑’Ë “¡“√∂¬àÕ¬ ≈“¬‰¥â∫“ß à«π (partial biodegradable) ·≈–«— ¥ÿº ¡™’«¿“æ∑’Ë¬àÕ¬
 ≈“¬‰¥âÀ¡¥ (completely biodegradable) [2, 3] «— ¥ÿº ¡™’«¿“æ‡ªìπ«— ¥ÿ∑’Ëª√–°Õ∫¢÷Èπ®“° à«π
ª√–°Õ∫Õ¬à“ßπâÕ¬ 2 ™π‘¥∑’Ë¡’ ¡∫—μ‘·μ°μà“ß°—π ‚¥¬∑—Ë«‰ªª√–°Õ∫¥â«¬ à«π ”§—≠ 2  à«π §◊Õ  à«π∑’Ë‡ªìπ
‡¡∑√‘°´å (matrix) ´÷Ëß®–‡ªìπ “√æ«°æÕ≈‘‡¡Õ√å ·≈– à«π‡ √‘¡·√ß (reinforcement) ´÷Ëß®–‡ √‘¡·√ß¥â«¬
‡ âπ„¬∏√√¡™“μ‘ (natural fiber) À√◊Õ«— ¥ÿÕ◊ËπÊ ∑’Ë¡’Õß§åª√–°Õ∫¢Õß‡´≈≈Ÿ‚≈  (cellulose) À√◊Õ«— ¥ÿ∑’Ë
‡À≈◊Õ®“°°“√‡°…μ√°√√¡

°“√æ—≤π“«— ¥ÿº ¡„πªí®®ÿ∫—π πÕ°®“°®–¡ÿàß‡πâπ‰ª„π‡√◊ËÕß°“√ª√—∫ª√ÿß ¡∫—μ‘μà“ßÊ ¢Õß«— ¥ÿ
„Àâ¥’¢÷Èπ·≈â« ¬—ßμâÕß§”π÷ß∂÷ß√“§“·≈–º≈°√–∑∫∑’Ë®–‡°‘¥μàÕ ‘Ëß·«¥≈âÕ¡§«∫§Ÿà°—π‰ª¥â«¬ ¥â«¬‡Àμÿπ’È®÷ß¡’
§«“¡ π„®∑’Ë®–π”‡ âπ„¬∏√√¡™“μ‘À≈“¬™π‘¥¡“„™âª√–‚¬™πå ‚¥¬„™â‡ªìπ‡ âπ„¬‡ √‘¡·√ß„π«— ¥ÿº ¡∑¥·∑π
‡ âπ„¬ —ß‡§√“–Àå ́ ÷Ëß¢âÕ¥’Õ◊ËπÊ ¢Õß°“√„™â‡ âπ„¬∏√√¡™“μ‘ §◊Õ ·À≈àß«—μ∂ÿ¥‘∫ “¡“√∂ √â“ß¢÷Èπ„À¡à‰¥â (renewable
resource) ¬àÕ¬ ≈“¬·≈–æ∫¡“°„π∏√√¡™“μ‘ ·≈–≈¥°“√ ÷°À√Õ∑’Ë‡°‘¥¢÷Èπ„π√–À«à“ß°√–∫«π°“√º≈‘μ [4]
‡ âπ„¬∏√√¡™“μ‘∑’Ë∂Ÿ°π”¡“„™â‡ªìπ‡ âπ„¬‡ √‘¡·√ß‡æ◊ËÕ‡æ‘Ë¡§«“¡·¢Áß·√ß„Àâ°—∫º≈‘μ¿—≥±å¡’Õ¬ŸàÀ≈“¬™π‘¥ ·μà
 à«π„À≠à¡—°π‘¬¡„™â‡ âπ„¬®“°æ◊™ ‡™àπ ΩÑ“¬ ªÕ ªÉ“π °—≠™ß ‰ºà ¡–æ√â“« ·≈–≈‘π‘π ‡ªìπμâπ [1] ¥â«¬
‡Àμÿº≈¥—ß°≈à“«®÷ß¡’°“√»÷°…“ ¡∫—μ‘‡™‘ß°≈®“°‡ âπ„¬∏√√¡™“μ‘ ´÷Ëß®“°√“¬ß“π«‘®—¬æ∫«à“¡’‡ âπ„¬À≈“¬™π‘¥
∑’Ëπ”¡“∑¥ Õ∫ “¡“√∂π”‰ª„™âª√–‚¬™πå‰¥â ·≈–¡’‡ âπ„¬Õ’°™π‘¥∑’Ëπà“ π„® ”À√—∫∑¥ Õ∫ ¡∫—μ‘‡™‘ß°≈
‰¥â·°à ‡ âπ„¬√“°À≠â“·Ω° ‡ âπ„¬¡–æ√â“« ·≈–‡ âπ„¬‡ª≈◊Õ°∂—Ë«≈‘ ß

À≠â“·Ω° (vetiver grass) ´÷Ëß®—¥‡ªìπÀ≠â“‡¢μ√âÕπ∑’Ë¢÷ÈπÕ¬Ÿàμ“¡∏√√¡™“μ‘ °√–®—¥°√–®“¬∑—Ë«‰ª
„π ¿“æ·«¥≈âÕ¡μà“ßÊ ́ ÷Ëß„πª√–‡∑»‰∑¬®–æ∫À≠â“·Ω°¢÷ÈπÕ¬Ÿàμ“¡∏√√¡™“μ‘„πæ◊Èπ∑’Ë∑—Ë«‰ª®“°∑’Ë≈ÿà¡®π∂÷ß∑’Ë¥Õπ
 “¡“√∂¢÷Èπ‰¥â„π¥‘π‡°◊Õ∫∑ÿ°™π‘¥ ®“°°“√»÷°…“æ∫«à“„π√–¬–‡«≈“ 1 ªï√“°¢ÕßÀ≠â“·Ω°‡°◊Õ∫∑ÿ° “¬æ—π∏ÿå
®–¡’√“°¬“«ª√–¡“≥ 2-2.5 ‡¡μ√ À¬—Ëß≈÷°‰¥â¡“°°«à“ 1 ‡¡μ√ ¢÷ÈπÕ¬Ÿà°—∫ ¿“æ¢Õß¥‘π À≠â“·Ω°®—¥‡ªìπæ◊™
∑’Ë¡’√–∫∫√“°∑’Ë≈÷° ·≈–¡’®”π«π¡“°´÷Ëß “¡“√∂„™âÕπÿ√—°…å¥‘π·≈–πÈ”‰¥â [5] ¥—ßπ—Èπ®÷ß¡’·π«‚πâ¡∑’Ë®–π”√“°
À≠â“·Ω°π’È¡“„™â‡ªìπ “√‡ √‘¡·√ß„Àâ°—∫«— ¥ÿº ¡‰¥â
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¡–æ√â“« (coconut) ‡ªìπæ◊™∑’Ë§π‰∑¬§ÿâπ‡§¬¡“‡ªìπ‡«≈“π“π ·≈–„™âª√–‚¬™πå®“°∑ÿ° à«π¢Õß
¡–æ√â“« ‡™àπ º≈ÕàÕπ„™â√—∫ª√–∑“π ¥ (πÈ”·≈–‡π◊ÈÕ) ‡π◊ÈÕ¡–æ√â“«®“°º≈·°àπ”‰ªª√ÿßÕ“À“√·≈–¢π¡À≈“¬
™π‘¥ ‡ª≈◊Õ°¡–æ√â“«π”‰ª·¬°‡Õ“‡ âπ„¬„™â∑”‡™◊Õ° «— ¥ÿ∑”‡∫“–·≈–∑’ËπÕπ ´÷Ëß‡ âπ„¬¡–æ√â“«‡ªìπ‡ âπ„¬∑’Ë
‰¥â®“° à«π∑’Ë‡ªìπ‡ª≈◊Õ°™—Èπ„π∑’ËÕ¬Ÿà√–À«à“ßº≈·≈–‡ª≈◊Õ°™—ÈππÕ° Õ’°∑—Èß¬—ß‡ªìπ‡ âπ„¬∑’Ë¡’°“√π”¡“º ¡„™â
‡ªìπ«— ¥ÿ°àÕ √â“ß¡“°∑’Ë ÿ¥ [6] ‡π◊ËÕß®“°‡ªìπ«— ¥ÿ∏√√¡™“μ‘∑’Ë‰¡à¡’ “√æ‘… ¡’ª√‘¡“≥¡“° √“§“μË” ·≈–
 “¡“√∂∑”ªØ‘°‘√‘¬“∑“ß‡§¡’‰¥â πÕ°®“°π’È¬—ß¡’§«“¡·¢Áß·√ß ·≈–√—∫·√ß‰¥â¥’ ‡π◊ËÕß®“°¡’≈‘°π‘π„πÕß§å-
ª√–°Õ∫‡ªìπª√‘¡“≥¡“° [7]

∂—Ë«≈‘ ß‡ªìπæ◊™μ√–°Ÿ≈∂—Ë« (legume crops) Õ’°™π‘¥Àπ÷Ëß∑’Ë¡’§«“¡ ”§—≠∑“ß‡»√…∞°‘®¢Õß
ª√–‡∑»‰∑¬  “¡“√∂„™âª√–‚¬™πå„π°“√‡ªìπÕ“À“√¢Õß¡πÿ…¬å·≈–„™â„πÕÿμ “À°√√¡μà“ßÊ ∂—Ë«≈‘ ß‡ªìπ
æ◊™μ√–°Ÿ≈∂—Ë«∑’Ë¡’‡¡≈Á¥§àÕπ¢â“ß„À≠à (course grainmcrops) °«à“æ◊™μ√–°Ÿ≈∂—Ë«™π‘¥Õ◊Ëπ ‡™àπ ∂—Ë«‡À≈◊Õß·≈–
∂—Ë«‡¢’¬« Õ¬à“ß‰√°Áμ“¡ „π°“√∫√‘‚¿§·μà≈–§√—Èß ºŸâ∫√‘‚¿§®–√—∫ª√–∑“π‡©æ“–‡¡≈Á¥∂—Ë«‡∑à“π—Èπ ∑”„Àâ‡À≈◊Õ
 à«π∑’Ë‡ªìπ‡ª≈◊Õ°∂—Ë«‡ªìπ®”π«π¡“°·≈–°≈“¬‡ªìπ¢¬–∑’Ë‰¡à°àÕª√–‚¬™πå„π∑’Ë ÿ¥ [8, 9] ¥—ßπ—Èπ ®÷ß¡’§«“¡‡ªìπ
‰ª‰¥â∑’Ë®–π”‡ âπ„¬®“°‡ª≈◊Õ°∂—Ë«≈‘ ß¡“„™â‡ªìπ “√‡ √‘¡·√ß„Àâ°—∫«— ¥ÿº ¡‡æ◊ËÕ‡æ‘Ë¡ ¡∫—μ‘‡™‘ß°≈μà“ßÊ ‰¥â

¥â«¬‡Àμÿπ’ÈºŸâ«‘®—¬®÷ß π„®∑’Ë®–»÷°…“ªí®®—¬¢Õß “√‡ √‘¡·√ß¥â«¬‡ âπ„¬∏√√¡™“μ‘ ∑’Ë¡’º≈μàÕ ¡∫—μ‘
‡™‘ß°≈¢Õß«— ¥ÿº ¡ ‚¥¬„™â‡ âπ„¬®“°æ◊™∑’Ë “¡“√∂æ∫‰¥âμ“¡∑âÕß∂‘Ëπ ´÷Ëßª√–°Õ∫‰ª¥â«¬ ‡ âπ„¬√“°À≠â“
·Ω°¥Õπ (Vetiveria nemoralis A. Camus) ‡ âπ„¬¡–æ√â“« “¬æ—π∏ÿå «’≈Ÿ°º ¡ 1 (Sawi Hybrid No. 1)
·≈–‡ âπ„¬‡ª≈◊Õ°∂—Ë«≈‘ ß “¬æ—π∏ÿå°“Ã ‘π∏ÿå 2 (Arachis hypogaea L. (Kalasin 2)) ‚¥¬‡ª√’¬∫‡∑’¬∫
™π‘¥«— ¥ÿº ¡∑’Ë‡ √‘¡·√ß¥â«¬‡ âπ„¬¥—ß°≈à“« „πª√‘¡“≥Õ—μ√“ à«π‡ âπ„¬∑’Ë·μ°μà“ß°—π ®“°°“√»÷°…“¢â“ßμâπ
 “¡“√∂¢¬“¬º≈°“√»÷°…“‰ª Ÿà‡ âπ„¬∏√√¡™“μ‘™π‘¥Õ◊ËπÊ ¡“‡ªìπμ—«‡ √‘¡·√ß„π«— ¥ÿº ¡ √«¡∑—Èß‡ªìπ°“√
»÷°…“·π«‚πâ¡§«“¡‡ªìπ‰ª‰¥â∑’Ë®–π”¡“„™â„π∑“ßÕÿμ “À°√√¡¥â«¬

Õÿª°√≥å·≈–«‘∏’∑¥≈Õß
1. «— ¥ÿÕÿª°√≥å

„πß“π«‘®—¬π’È‡ªìπ°“√»÷°…“ ¡∫—μ‘‡™‘ß°≈¢Õß«— ¥ÿº ¡™’«¿“æ‡ √‘¡·√ß¥â«¬‡ âπ„¬∏√√¡™“μ‘ ´÷Ëß
‡μ√’¬¡‡ âπ„¬®“°√“°À≠â“·Ω° ¡–æ√â“« ·≈–‡ª≈◊Õ°∂—Ë«≈‘ ß ‚¥¬‰¥â‡°Á∫√«∫√«¡‡ âπ„¬®“°æ◊™∑—Èß 3 ™π‘¥
®“°∫â“π‚ππ∑’ Õ.‡¡◊Õß ®.¡À“ “√§“¡ ®“°∫â“π¥ß‡§Áß Õ.®—ßÀ“√ ®.√âÕ¬‡ÕÁ¥ ·≈–μ≈“¥ ¥ Õ.‡¡◊Õß ®.¡À“ “√§“¡
μ“¡≈”¥—∫ ¥—ß√Ÿª∑’Ë 1 ‡ âπ„¬∑—ÈßÀ¡¥®–¡’§à“‡©≈’Ë¬¢Õß‡ âπºà“π»Ÿπ¬å°≈“ß√–À«à“ß 200-300 m  à«π ¡∫—μ‘
μà“ßÊ ¢Õß‡ âπ„¬ ¥—ßμ“√“ß∑’Ë 1

Õ’æÁÕ° ’́Ë‡√ ‘́π (Epoxy resin) §«“¡Àπ“·πàπ 1.176 g/cm3 º ¡°—∫μ—«∑”·¢Áß (hardener)
§«“¡Àπ“·πàπ 0.97-0.99 g/cm3 ®“°∫√‘…—∑ Ajoxfinechem °√ÿß‡∑æœ ª√–‡∑»‰∑¬ „™â‡ªìπ‡¡∑√‘°´å„π
°“√‡μ√’¬¡«— ¥ÿº ¡
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√Ÿª∑’Ë 1 ‡ âπ„¬∏√√¡™“μ‘∑’Ë„™â„π°“√∑¥≈Õß (°) ‡ âπ„¬√“°À≠â“·Ω° (¢) ‡ âπ„¬¡–æ√â“« (§) ‡ âπ„¬‡ª≈◊Õ°
∂—Ë«≈‘ ß

2. °“√‡μ√’¬¡«— ¥ÿº ¡·≈–∑¥ Õ∫ ¡∫—μ‘μà“ßÊ
¢—Èπ·√°¢Õß°“√‡μ√’¬¡«— ¥ÿº ¡ §◊Õ π”‡ âπ„¬∑—Èß 3 ™π‘¥ ≈â“ß∑”§«“¡ –Õ“¥¥â«¬πÈ” ®“°π—Èππ”

‰ªÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 60°C ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ¢—Èπ∑’Ë Õßμ—¥‡ âπ„¬„Àâ¡’¢π“¥§«“¡¬“«ª√–¡“≥ 10-13 ¡‘≈≈‘‡¡μ√
·≈â«®÷ßπ”‰ª·™à„π “√≈–≈“¬ NaOH §«“¡‡¢â¡¢âπ 6% ‚¥¬πÈ”Àπ—° ‡æ◊ËÕ¥—¥·ª√‡ âπ„¬‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß
∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈â«≈â“ß¥â«¬πÈ” –Õ“¥®π°√–∑—ËßπÈ”¡’§à“ pH 7 π”‡ âπ„¬Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 60°C ‡ªìπ‡«≈“
24 ™—Ë«‚¡ß ·≈â«π”‡ âπ„¬‰ª‡°Á∫‰«â„π‡¥´‘‡§‡μÕ√å ‡æ◊ËÕ√Õ¢÷Èπ√Ÿª ¢—Èπ∑’Ë “¡¢÷Èπ√Ÿª«— ¥ÿº ¡¥â«¬¡◊Õ (hand
lay-up) ‚¥¬°“√º ¡‡ âπ„¬°—∫‡¡∑√‘°´å (‡¡∑√‘°´å ª√–°Õ∫¥â«¬Õ’æÁÕ°´’Ë‡√´‘π°—∫μ—«∑”·¢Áß„πÕ—μ√“ à«π‚¥¬
πÈ”Àπ—° 10:1 [13]) ¿“¬„μâ‡ß◊ËÕπ‰¢«— ¥ÿº ¡∑’Ë‡μ√’¬¡®“°‡ âπ„¬·μ°μà“ß°—π 2 °≈ÿà¡ §◊Õ ‡ âπ„¬°≈ÿà¡·√°
(C1) ‡ âπ„¬√“°À≠â“·Ω°º ¡‡ âπ„¬¡–æ√â“« ·≈– ‡ âπ„¬°≈ÿà¡∑’Ë Õß (C2) ‡ âπ„¬√“°À≠â“·Ω°
º ¡‡ª≈◊Õ°∂—Ë«≈‘ ß ‚¥¬„π·μà≈–°≈ÿà¡„™âÕ—μ√“ à«π‡ âπ„¬‚¥¬πÈ”Àπ—°‡À¡◊Õπ°—π §◊Õ 1:1 2:2 3:3 4:4 ·≈–
5:5 (Õ—μ√“ à«πμ—«·√° §◊Õ ‡ âπ„¬™π‘¥∑’Ë 1 ·≈–Õ—μ√“ à«πμ—«∑’Ë Õß §◊Õ ‡ âπ„¬™π‘¥∑’Ë 2) ¢—Èπ∑’Ë ’Ë‡∑«— ¥ÿ∑’Ë
‡μ√’¬¡≈ß„π·¡à·∫∫¬“ßæ“√“μ“¡¡“μ√∞“π°“√∑¥ Õ∫ ¡∫—μ‘‡™‘ß°≈μà“ßÊ ¥—ßπ’È 1) °“√∑¥ Õ∫ ¡∫—μ‘§«“¡
∑π·√ß¥÷ß (tensile strength) ·≈–¡Õ¥Ÿ≈— ·√ß¥÷ß (tensile modulus) ¢÷Èπ√Ÿª™‘Èπß“πμ“¡¡“μ√∞“π
ASTM D 638 2) §«“¡∑π·√ß¥—¥‚§âß (flexural strength) ·≈–¡Õ¥Ÿ≈— ·√ß¥—¥‚§âß (flexural modulus)
¢÷Èπ√Ÿª™‘Èπß“πμ“¡¡“μ√∞“π ASTM D790 ·≈– 3) §«“¡∑π·√ß°√–·∑° (impact strength) ¢÷Èπ√Ÿª™‘Èπß“π
μ“¡¡“μ√∞“π ASTM E23 ‡°≈’Ë¬„Àâ ¡Ë”‡ ¡Õ∑—Ë«∑—Èß·¡à·∫∫ ‚¥¬®—¥‡√’¬ß‡ âπ„¬‡ªìπ·∫∫Õ‘ √– ¢—Èπ ÿ¥∑â“¬
ªî¥∑—∫¥â«¬·ºàπ‰¡≈“√å ·≈â«∑‘Èß„Àâ™‘Èπß“π·¢Áßμ—«∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 7 «—π ®“°π—Èπ®÷ßπ”™‘Èπß“πÕÕ°®“°
·¡à·∫∫ „π¢—Èππ’È®–º≈‘μ™‘Èπß“π∑—ÈßÀ¡¥ 5 ™‘ÈπμàÕ°“√∑¥ Õ∫ 1 °“√∑¥ Õ∫∑ÿ°°≈ÿà¡μ—«Õ¬à“ß ‚¥¬‡≈◊Õ°™‘Èπß“π
3 ™‘Èπ∑’Ë„Àâº≈„°≈â‡§’¬ß°—π∑’Ë ÿ¥¡“„™â„π°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

°) ¢) §)
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μ“√“ß∑’Ë 1  ¡∫—μ‘μà“ßÊ ¢Õß‡ âπ„¬∏√√¡™“μ‘∑’Ë„™â„π°“√∑¥≈Õß

 ¡∫—μ‘ À≠â“·Ω°[10] ¡–æ√â“«[11] ‡ª≈◊Õ°∂—Ë«≈‘ ß[12]

‡´≈≈Ÿ‚≈  (wt%) 72.6 32-43 35.7
‡Œ¡‘‡´≈≈Ÿ‚≈  (wt%) - 0.15-0.25 18.7
≈‘°π‘π (wt%) 17 40-45 30.2
§«“¡Àπ“·πàπ (g/cm3) 1.5 1.1 -
§«“¡∑π·√ß¥÷ß (MPa) 247-723 131-175 -
¡Õ¥Ÿ≈— ¢Õß¬—ß (GPa) 12.0-49.8 4.0-6.0 -
‡ªÕ√å‡´Áπμå°“√¬◊¥μ—« (%) 1.6-2.4 15.0-40.0 -

3. °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈
°“√∑¥≈Õß§√—Èßπ’È„™â·ºπ°“√∑¥≈Õß·∫∫ 2 Ó 5 Factorial μ“¡·ºπ°“√∑¥≈Õß·∫∫ ÿà¡ ·ºπ°“√

∑¥≈Õß·∫∫ ÿà¡ ¡∫Ÿ√≥å (Completely Randomized Design (CRD)) Õ‘∑∏‘æ≈·∫∫§ß∑’Ë (Fixed effect
model) ¡’ 2 ªí®®—¬ §◊Õ 1) ‡ âπ„¬°≈ÿà¡·√° (C1) ‡ âπ„¬√“°À≠â“·Ω°º ¡‡ âπ„¬¡–æ√â“« ·≈– ‡ âπ„¬
°≈ÿà¡∑’Ë Õß (C2) ‡ âπ„¬√“°À≠â“·Ω°º ¡‡ª≈◊Õ°∂—Ë«≈‘ ß 2) Õ—μ√“ à«π‡ âπ„¬ §◊Õ 1:1 2:2 3:3 4:4
·≈– 5:5 ®“°π—Èππ”¢âÕ¡Ÿ≈¡“«‘‡§√“–ÀåÀ“§à“‡©≈’Ë¬·≈–§à“‡∫’Ë¬ß‡∫π¡“μ√∞“π (mean ± SD) «‘‡§√“–Àå§«“¡
·ª√ª√«π∑“ß ∂‘μ‘‚¥¬„™â Two-way Analysis of Variance (ANOVA) ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95
‚¥¬∑¥ Õ∫∑—ÈßÀ¡¥ 3 È́”

4. °“√«‘‡§√“–Àå‚§√ß √â“ß∑“ß®ÿ≈¿“§
π”μ—«Õ¬à“ß™‘Èπß“π∑’Ëºà“π°“√∑¥ Õ∫ ¡∫—μ‘‡™‘ß°≈ ¡“μ√«® Õ∫‚§√ß √â“ß∑“ß®ÿ≈¿“§¥â«¬

°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°μ√Õπ·∫∫ àÕß°√“¥ (Scanning Electron Microscope (SEM))

º≈°“√∑¥≈Õß
°“√»÷°…“ ¡∫—μ‘‡™‘ß°≈¢Õß«— ¥ÿº ¡‚¥¬æ‘®“√≥“®“° 2 ªí®®—¬ §◊Õ 1) «— ¥ÿº ¡‡ √‘¡·√ß¥â«¬

°≈ÿà¡‡ âπ„¬ C1 ·≈– C2 ·≈– 2) Õ—μ√“ à«π‡ âπ„¬∑’Ë·μ°μà“ß°—π (1:1 2:2 3:3 4:4 ·≈– 5:5) º≈°“√∑¥≈Õß
¥—ßμ“√“ß∑’Ë 2 ‚¥¬·∫àßº≈°“√∑¥≈Õßμ“¡°“√∑¥ Õ∫ ¡∫—μ‘‡™‘ß°≈ ¥—ßπ’È
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1.  ¡∫—μ‘·√ß¥÷ß (Tensile Properties)
º≈°“√«‘‡§√“–Àå§à“§«“¡∑π·√ß¥÷ß·≈–¡Õ¥Ÿ≈— ·√ß¥÷ß æ∫«à“ ‰¡à¡’Õ‘∑∏‘æ≈√à«¡√–À«à“ßªí®®—¬∑—Èß

 ÕßμàÕ§«“¡∑π·√ß¥÷ß ·μàªí®®—¬∑’Ë 1  àßº≈„Àâ§à“¥—ß°≈à“«¡’§«“¡·μ°μà“ß°—π (P < .05) ·≈–ªí®®—¬∑’Ë 2 ‰¡à
·μ°μà“ß°—π (P > .05) ‚¥¬ C2 ∑’ËÕ—μ√“ à«π 1:1 ¡’§à“§«“¡∑π·√ß¥÷ß¡“°∑’Ë ÿ¥ §◊Õ 28.72 MPa  ”À√—∫°“√
«‘‡§√“–Àå§à“¡Õ¥Ÿ≈— ·√ß¥÷ß æ∫«à“ ¡’Õ‘∑∏‘æ≈√à«¡√–À«à“ßªí®®—¬∑—Èß Õß (p < .05) ‚¥¬ C2 ∑’ËÕ—μ√“ à«π 1:1
¡’§à“¡“°∑’Ë ÿ¥ §◊Õ 918.00 MPa ¥—ßμ“√“ß∑’Ë 3 ´÷Ëß¡“°°«à“™‘Èπß“πÕ◊ËπÊ ·≈–‰¡à·μ°μà“ß®“° C2 ∑’ËÕ—μ√“ à«π 4:4

®“°√Ÿª∑’Ë 2 ·≈– 3  “¡“√∂Õ∏‘∫“¬‡Àμÿº≈‡æ‘Ë¡‡μ‘¡«à“ C2 ∑’ËÕ—μ√“ à«π 1:1 ¡’ ¡∫—μ‘§«“¡∑π
·√ß¥÷ß ·≈–¡Õ¥Ÿ≈— ·√ß¥÷ß∑’Ë¥’ ‡π◊ËÕß®“°¡’æ—π∏–¿“¬„π·≈–°“√¬÷¥‡°“–√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´å∑’Ë·¢Áß·√ß
´÷Ëß àßº≈„Àâ¡’°“√∂à“¬‡∑·√ß¥÷ß°√–®“¬∑—Ë«∑—Èßæ◊Èπº‘«¢Õß«— ¥ÿ [10, 14] ·μà„π∑“ßμ√ß°—π¢â“¡∑’ËÕ—μ√“ à«π 2:2
¢Õß C1 ®–¡’§à“§«“¡∑π·√ß¥÷ß·≈–¡Õ¥Ÿ≈— ·√ß¥÷ßπâÕ¬∑’Ë ÿ¥ §◊Õ 14.30 MPa ·≈– 320.17 MPa μ“¡≈”¥—∫
´÷Ëß “¡“√∂Õ∏‘∫“¬‡Àμÿº≈À≈—°‰¥â 2 ª√–°“√ §◊Õ 1) ‡°‘¥¢âÕ∫°æ√àÕßÀ√◊Õ§«“¡º‘¥ª°μ‘¿“¬„π ‡™àπ ‡°‘¥™àÕß
«à“ß·≈–§«“¡ÕàÕπ·Õ¢Õßæ—π∏–√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´å 2) ≈—°…≥–‡©æ“–¢Õß‡ âπ„¬∑’Ë‰¡à‡À¡“–°—∫°“√
‡ √‘¡·√ß„π«— ¥ÿº ¡ [15] ·≈–®“°°“√»÷°…“¢Õß Sandhyarani ·≈–§≥– [16] æ∫«à“ ªí®®—¬∑’Ë àßº≈μàÕ
 ¡∫—μ‘‡™‘ß°≈¢Õß«— ¥ÿº ¡‡ √‘¡·√ß¥â«¬‡ âπ„¬™π‘¥ —Èπ¢÷ÈπÕ¬Ÿà°—∫ 1)  ¡∫—μ‘‡©æ“–¢Õß‡ âπ„¬·≈–‡¡∑√‘°´å
2) Õ—μ√“ à«π (aspect ratio) ¢Õß‡ âπ„¬·≈–‡¡∑√‘°´å ·≈–°“√®—¥‡√’¬ßμ—«¢Õß‡ âπ„¬„π«— ¥ÿº ¡ 3) Õ‘∑∏‘æ≈
¢Õß°“√¬÷¥‡°“–√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´å∑’Ë´÷Ëß àßº≈μàÕ°“√°√–®“¬·√ß„π«— ¥ÿº ¡

μ“√“ß∑’Ë 2 º≈°“√∑¥ Õ∫ ¡∫—μ‘‡™‘ß°≈¢Õß«— ¥ÿº ¡

°≈ÿà¡‡ âπ„¬ §«“¡∑π ¡Õ¥Ÿ≈— ·√ß¥÷ß §«“¡∑π ¡Õ¥Ÿ≈—  §«“¡∑π

·√ß¥÷ß (MPa) ·√ß¥—¥‚§âß ·√ß¥—¥‚§âß ·√ß°√–·∑°

(MPa) (MPa) (MPa) (kJ/m2)

‡ âπ„¬√“°À≠â“·Ω° 1:1 15.93±3.28 331.50±38.97 18.40±1.21 74.03±18.01 3.58±0.25

+ 2:2 14.30±0.78b 320.17±36.69b 20.16±1.67 110.50±15.60 3.82±0.78

‡ âπ„¬¡–æ√â“« 3:3 19.74±2.58 625.50±68.41 19.51±1.98 90.32±11.29 7.13±1.39

(C1) 4:4 21.65±1.38 684.33±35.06 16.95±1.99 98.65±29.60 6.50±0.88

5:5 16.06±1.50 466.17±18.94 15.67±1.24b 64.07±3.90b 8.51±0.25a

‡ âπ„¬√“°À≠â“·Ω° 1:1 28.72±1.85a 918.00±31.05a 30.38±2.11a 911.16±15.66a 5.07±0.38

+ 2:2 24.83±5.64 615.33±24.34 30.18±3.88 883.17±27.73 4.08±0.67

‡ âπ„¬‡ª≈◊Õ°∂—Ë«≈‘ ß 3:3 25.66±2.23 682.11±53.24 18.66±2.31 796.62±23.28 2.89±0.29b

(C2) 4:4 27.61±2.96 886.67±43.00 24.18±2.75 884.73±47.36 3.46±0.50

5:5 26.72±1.10 842.50±44.25 25.09±7.20 896.10±63.15 2.98±0.18

§à“‡©≈’Ë¬√«¡ 26.71±3.03 788.92±127.69 25.70±5.68 874.36±53.27 4.78±1.88

À¡“¬‡Àμÿ a  §◊Õ  §à“¡“°∑’Ë ÿ¥

b  §◊Õ  §à“πâÕ¬∑’Ë ÿ¥

Õ—μ
√“

 à«
π

¢Õ
ß‡

 âπ
„¬
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μ“√“ß∑’Ë 3 °“√‡ª√’¬∫‡∑’¬∫‡™‘ß ∂‘μ‘ ¡∫—μ‘‡™‘ß°≈¢Õß«— ¥ÿº ¡√–À«à“ß°≈ÿà¡‡ âπ„¬ (C1 ·≈– C2) °—∫
Õ—μ√“ à«π∑’Ë·μ°μà“ß°—π

 ¡∫—μ‘‡™‘ß°≈ ·À≈àß¢âÕ¡Ÿ≈ Df SS Ms F P

§«“¡∑π·√ß¥÷ß C1 ·≈– C2 1 631.309 631.309 87.183 .000*

(Tensile Strength) Õ—μ√“ à«π 4 82.483 20.621 2.848 .051

Õ—μ√“ à«π√à«¡ 4 56.958 14.239 1.966 .139

¡Õ¥Ÿ≈— ·√ß¥÷ß C1 ·≈– C2 1 690338.157 690338.157 398.298 .000*

(Tensile Modulus) Õ—μ√“ à«π 4 308583.141 77145.785 44.510 .000*

Õ—μ√“ à«π√à«¡ 4 234976.197 58744.049 33.893 .000*

§«“¡∑π·√ß¥—¥‚§âß C1 ·≈– C2 1 428.879 428.879 43.756 .000*

(Flexural Strength) Õ—μ√“ à«π 4 173.514 43.379 4.426 .010*

Õ—μ√“ à«π√à«¡ 4 149.745 37.436 3.819 .018*

¡Õ¥Ÿ≈— ·√ß¥—¥‚§âß C1 ·≈– C2 1 4643433.971 4643433.971 4953.661 .000*

(Flexural Modulus) Õ—μ√“ à«π 4 11452.611 2863.153 3.054 .041*

Õ—μ√“ à«π√à«¡ 4 16887.719 4221.930 4.504 .009*

§«“¡∑π·√ß°√–·∑° C1 ·≈– C2 1 34.326 34.326 77.869 .000*

(Impact Strength) Õ—μ√“ à«π 4 9.661 2.415 5.479 .004*

Õ—μ√“ à«π√à«¡ 4 50.052 12.513 28.386 .000*

À¡“¬‡Àμÿ  * §◊Õ P< 0.5

2.  ¡∫—μ‘·√ß¥—¥‚§âß (Flexural Properties)
º≈°“√«‘‡§√“–Àå§à“§«“¡∑π·√ß¥—¥‚§âß·≈–¡Õ¥Ÿ≈— ·√ß¥—¥‚§âß æ∫«à“ §à“§«“¡∑π·√ß¥—¥‚§âß

√Ÿª∑’Ë 2  ¡∫—μ‘§«“¡∑π·√ß¥÷ß¢Õß«— ¥ÿº ¡
∑’Ë¡’Õ—μ√“ à«π·μ°μà“ß°—π

√Ÿª∑’Ë 3  ¡∫—μ‘§«“¡∑π·√ß¥÷ß¢Õß«— ¥ÿº ¡
∑’Ë¡’Õ—μ√“ à«π·μ°μà“ß°—π
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·≈–¡Õ¥Ÿ≈— ·√ß¥—¥‚§âß¢Õß C2 ∑’ËÕ—μ√“ à«π 1:1 ¡’§à“ Ÿß ÿ¥ §◊Õ 30.38 MPa ·≈– 911.16 MPa μ“¡≈”¥—∫
´÷Ëß®“°°“√«‘‡§√“–ÀåÀ“Õ‘∑∏‘æ≈√à«¡√–À«à“ßªí®®—¬∑’Ë 1 ·≈–ªí®®—¬∑’Ë 2 æ∫«à“ ¡’§«“¡·μ°μà“ß°—π∑’Ë P < .05
· ¥ß„Àâ‡ÀÁπ«à“ Õ‘∑∏‘æ≈√à«¡¥—ß°≈à“«  àßº≈„Àâ§à“§«“¡∑π·√ß¥—¥‚§âß·≈–¡Õ¥Ÿ≈— ·√ß¥—¥‚§âß·μ°μà“ß°—π ¥—ß
μ“√“ß∑’Ë 2 ·≈– 3  à«π√Ÿª∑’Ë 4 ·≈– 5  “¡“√∂Õ∏‘∫“¬‡æ‘Ë¡‡μ‘¡‰¥â«à“ à«π„À≠à C1 ¡’§à“§«“¡∑π·√ß¥—¥‚§âß
·≈–¡Õ¥Ÿ≈— ·√ß¥—¥‚§âßπâÕ¬°«à“ C2 ‡π◊ËÕß®“°‡°‘¥™àÕß«à“ßÀ√◊Õ√Ÿæ√ÿπ∫√‘‡«≥‡π◊ÈÕ¢Õß«— ¥ÿº ¡  àßº≈„Àâ°“√
¬÷¥‡°“–√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´å≈¥≈ß  Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Khalil ·≈–§≥– [17] °≈à“««à“
°“√‡æ‘Ë¡æ◊Èπ∑’Ë™àÕß«à“ß√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´åπ—Èπ ®– àßº≈„Àâ‡°‘¥§«“¡ÕàÕπ·Õ¢Õßæ—π∏–∑’Ë‡™◊ËÕ¡√–À«à“ß
‡ âπ„¬·≈–‡¡∑√‘°´å ∑”„Àâ ¡∫—μ‘·√ß¥—¥‚§âß·≈–°“√ àßºà“π§«“¡‡§âπ√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´å≈¥≈ß  à«π
ªí®®—¬∑’Ë¡’º≈μàÕæ—π∏–¿“¬„π¢÷ÈπÕ¬Ÿà°—∫‡¡∑√‘°´å·≈–™π‘¥¢Õß‡ âπ„¬ Õ—μ√“ à«π (aspect ratio) ¢Õß‡ âπ„¬
«‘∏’°“√º ¡„π°“√‡μ√’¬¡μ—«Õ¬à“ß ‡ß◊ËÕπ‰¢°√–∫«π°“√º≈‘μ ·≈–™π‘¥¢Õß “√‡§¡’∑’Ë„™â„π°“√¥—¥·ª√‡ âπ„¬

√Ÿª∑’Ë 4  ¡∫—μ‘§«“¡∑π·√ß¥—¥‚§âß¢Õß«— ¥ÿº ¡
∑’Ë¡’Õ—μ√“ à«π·μ°μà“ß°—π

√Ÿª∑’Ë 5  ¡∫—μ‘¡Õ¥Ÿ≈— ·√ß¥—¥‚§âß¢Õß«— ¥ÿº ¡
∑’Ë¡’Õ—μ√“ à«π·μ°μà“ß°—π

√Ÿª∑’Ë 6   ¡∫—μ‘§«“¡∑π·√ß°√–·∑°¢Õß«— ¥ÿº ¡∑’ËÕ—μ√“ à«π·μ°μà“ß°—π
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3.  ¡∫—μ‘·√ß°√–·∑° (lmpact Properties)
º≈°“√«‘‡§√“–Àå§à“§«“¡∑π·√ß°√–·∑° ¥—ß√Ÿª∑’Ë 6 æ∫«à“ ¡’Õ‘∑∏‘æ≈√à«¡√–À«à“ßªí®®—¬∑—Èß Õß

(p < .05) ¥—ßμ“√“ß∑’Ë 3 ‚¥¬§à“§«“¡∑π·√ß°√–·∑°¢Õß C1 ∑’ËÕ—μ√“ à«π‡ âπ„¬ 5.5 ¡’§à“¡“°∑’Ë ÿ¥ §◊Õ 8.51
kj/m2 ·≈–¡“°°«à“™‘Èπß“πÕ◊ËπÊ ·μà‰¡à·μ°μà“ß®“° C1 ∑’ËÕ—μ√“ à«π 3:3 ‡π◊ËÕß®“°¡’ ¡∫—μ‘·≈–æ—π∏–¿“¬„π
∑’Ë àßº≈μàÕ°“√¬÷¥‡°“–√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´å‰¥â¥’ ´÷Ëß‡ªìπªí®®—¬ ”§—≠∑’Ë àßº≈μàÕ ¡∫—μ‘§«“¡∑π·√ß
°√–·∑°¢Õß«— ¥ÿ [18] πÕ°®“°π’È ª√– ‘∑∏‘¿“æ§à“§«“¡∑π·√ß°√–·∑°¢Õß«— ¥ÿ¢÷ÈπÕ¬Ÿà°—∫μ—«·ª√μà“ßÊ
‡™àπ §ÿ≥¿“æ¢Õß‡¡∑√‘°´å °“√·μ°À—°·≈–≈—°…≥–°“√À≈ÿ¥ÕÕ°¢Õß‡ âπ„¬ (fiber pull out) ÷́Ëß¡’º≈μàÕ
°“√¥Ÿ¥´—∫æ≈—ßß“π·√ß°√–·∑°¢≥–∑¥ Õ∫™‘Èπß“π [19]

4. ‚§√ß √â“ß∑“ß®ÿ≈¿“§À≈—ß°“√∑¥ Õ∫ ¡∫—μ‘‡™‘ß°≈
°“√«‘‡§√“–Àå‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õß«— ¥ÿº ¡À≈—ß°“√∑¥ Õ∫ ¡∫—μ‘‡™‘ß°≈ ‚¥¬„™â

°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°μ√Õπ·∫∫ àÕß°√“¥ (Scanning Electron Microscope (SEM)) ÷́Ëß®–· ¥ß®ÿ¥
∫°æ√àÕßÀ≈—ß°“√·μ°À—° ·≈–≈—°…≥–‡ âπ„¬À≈ÿ¥ÕÕ° ¥—ß√Ÿª∑’Ë 7 8 ·≈– 9

®“°√Ÿª∑’Ë 7 (° ·≈– ¢) ‡ªìπ¿“æ¢Õß«— ¥ÿº ¡À≈—ß°“√∑¥ Õ∫ ¡∫—μ‘§«“¡∑π·√ß¥÷ß ‚¥¬√Ÿª∑’Ë
7(°) · ¥ß™àÕß«à“ß‡≈Á°Ê √Õ∫‡ âπ„¬¢Õß C1 ∑’ËÕ—μ√“ à«π 2:2  àßº≈μàÕ°“√¬÷¥‡°“–√–À«à“ß‡ âπ„¬·≈–
‡¡∑√‘°´å ·≈–∑”„Àâ«— ¥ÿº ¡¡’ ¡∫—μ‘§«“¡∑π·√ß¥÷ß≈¥≈ß ∑—Èßπ’È‡ªìπº≈®“°¢—ÈπμÕπ√–À«à“ß°“√‡μ√’¬¡«— ¥ÿº ¡
[15] ·≈–¢—ÈπμÕπ¢Õß°“√¥—¥·ª√‡ âπ„¬∑’Ë‡°‘¥¢âÕ∫°æ√àÕß ∑”„Àâ§«“¡‡¢â“°—π‰¥â√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´å
≈¥≈ß [21] ‡π◊ËÕß®“°§«“¡≈â¡‡À≈«¢Õß·√ß¥÷ß (tensile failure) ¢÷ÈπÕ¬Ÿà°—∫§«“¡‡§√’¬¥¢≥–‡°‘¥°“√·μ°À—°
·≈–¡Õ¥Ÿ≈— ‡©æ“–¢Õß‡ âπ„¬‡ √‘¡·√ß«— ¥ÿº ¡ [22, 23]  à«π√Ÿª∑’Ë 7(¢) · ¥ß C2 ∑’ËÕ—μ√“ à«π 1:1 æ∫«à“
‡¡∑√‘°´å∑’ËÕ¬Ÿà√Õ∫Ê ‡ âπ„¬¬÷¥‡°“–°—π‰¥â¥’ ·≈–¡’™àÕß«à“ßπâÕ¬ ‡ªìπ “‡Àμÿ∑”„Àâ§«“¡‡§√’¬¥·√ß¥÷ß (tensile
strain)  —¡æ—π∏å°—∫§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫·≈–°√–®“¬·√ßÕ¬à“ß ¡Ë”‡ ¡Õ∑—Ë«∑—Èßæ◊Èπº‘««— ¥ÿº ¡  ”À√—∫
æƒμ‘°√√¡°“√°√–®“¬·√ß√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´åÀ≈—ß°“√∑¥ Õ∫§«“¡∑π·√ß¥—¥‚§âß · ¥ß¥—ß√Ÿª∑’Ë 8
(° ·≈– ¢) ®“°√Ÿª∑’Ë 8(°) æ∫«à“ C1 ∑’ËÕ—μ√“ à«π 5:5 ª√“°Ø√Õ¬·μ°‡≈Á°Ê ∫πæ◊Èπº‘« √«¡∑—Èß‡°‘¥™àÕß«à“ß
√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´å  àßº≈„Àâ ¡∫—μ‘§«“¡∑π·√ß¥—¥‚§âß≈¥≈ß ‡π◊ËÕß®“°‡°‘¥ª√“°Ø°“√≥åÀ≈ÿ¥ÕÕ°
¢Õß‡ âπ„¬ (fiber pull out phenomena) ∫àß∫Õ°∂÷ß°“√·μ°À—°®”π«π¡“°¢Õß‡ âπ„¬ [24]
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√Ÿª∑’Ë 7  ‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õßμ—«Õ¬à“ß™‘Èπß“π«— ¥ÿº ¡À≈—ß°“√∑¥ Õ∫§«“¡∑π·√ß¥÷ß
(°) «— ¥ÿº ¡ C1 ∑’ËÕ—μ√“ à«π‡ âπ„¬ 2:2 (¢) «— ¥ÿº ¡ C2 ∑’ËÕ—μ√“ à«π‡ âπ„¬ 1:1

 à«π√Ÿª∑’Ë 8 (¢) · ¥ß°“√¬÷¥‡°“–∑’Ë¥’√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´å¢Õß C2 ∑’ËÕ—μ√“ à«π 1:1
 àßº≈„Àâ«— ¥ÿº ¡¡’§«“¡·¢Áß·√ß ·≈–§«“¡·¢Áßμ÷ß Ÿß (stiffness) [20] ·≈–√Ÿª∑’Ë 9 (° ·≈– ¢) · ¥ß
§«“¡‡ ’¬À“¬¢Õß«— ¥ÿº ¡À≈—ß°“√∑¥ Õ∫ ¡∫—μ‘§«“¡∑π·√ß°√–·∑° ®“°√Ÿª∑’Ë 9 (°) æ∫«à“ C2 ∑’ËÕ—μ√“ à«π
3:3 ª√“°Ø™àÕß«à“ß‡≈Á°Ê ∫πæ◊Èπº‘«‡¡∑√‘°´å√Õ∫Ê ‡ âπ„¬ √«¡∑—Èß≈—°…≥–‡ âπ„¬À≈ÿ¥ÕÕ°∑’Ë‡°‘¥¢÷Èπ ∑”„Àâ
°“√¥Ÿ¥´—∫æ≈—ßß“π°“√·μ°À—° ·≈–æ—π∏–¿“¬„π∑’Ë‡™◊ËÕ¡√–À«à“ß‡ âπ„¬°—∫‡¡∑√‘°´å≈¥≈ß ‡°‘¥√Õ¬·μ°·π«
¬“«·æ√à°√–®“¬√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´å [25] „π∑“ßμ√ß°—π¢â“¡ √Ÿª∑’Ë 9 (¢) · ¥ß‡ âπ„¬∑’Ë¡’§«“¡‡ ’¬
À“¬πâÕ¬·≈– “¡“√∂¬÷¥‡°“–°—∫‡¡∑√‘°´å‰¥â¥’  àßº≈„Àâ C1 ∑’ËÕ—μ√“ à«π 5:5  “¡“√∂¥Ÿ¥´—∫æ≈—ßß“πÀ≈—ß
®“°°“√·μ°À—°‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

√Ÿª∑’Ë 8 ‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õßμ—«Õ¬à“ß™‘Èπß“π«— ¥ÿº ¡À≈—ß°“√∑¥ Õ∫§«“¡∑π·√ß¥—¥‚§âß
(°) «— ¥ÿº ¡ C1 ∑’ËÕ—μ√“ à«π‡ âπ„¬ 5:5 (¢) «— ¥ÿº ¡ C2 ∑’ËÕ—μ√“ à«π‡ âπ„¬ 1:1
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√Ÿª∑’Ë 9 ‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õßμ—«Õ¬à“ß™‘Èπß“π«— ¥ÿº ¡À≈—ß°“√∑¥ Õ∫§«“¡∑π·√ß°√–·∑°
(°) «— ¥ÿº ¡ C2 ∑’ËÕ—μ√“ à«π‡ âπ„¬ 3:3 (¢) «— ¥ÿº ¡ C1 ∑’ËÕ—μ√“ à«π‡ âπ„¬ 5:5

 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
 ¡∫—μ‘‡™‘ß°≈¢Õß«— ¥ÿº ¡™’«¿“æ‡ √‘¡·√ß¥â«¬‡ âπ„¬√“°À≠â“·Ω°º ¡‡ âπ„¬¡–æ√â“« ·≈–

‡ âπ„¬√“°À≠â“·Ω°º ¡‡ª≈◊Õ°∂—Ë«≈‘ ß∑’ËÕ—μ√“ à«π·μ°μà“ß°—π  √ÿªº≈‰¥â ¥—ßπ’È 1) «— ¥ÿº ¡‡ √‘¡·√ß¥â«¬
‡ âπ„¬√“°À≠â“·Ω°º ¡‡ âπ„¬‡ª≈◊Õ°∂—Ë«≈‘ ß (C2) ∑’ËÕ—μ√“ à«π 1:1 ¡’§à“§«“¡∑π·√ß¥÷ß ¡Õ¥Ÿ≈— ·√ß¥÷ß
§«“¡∑π·√ß¥—¥‚§âß ·≈–¡Õ¥Ÿ≈— ·√ß¥—¥‚§âß Ÿß ÿ¥ ‡∑à“°—∫ 28.72 MPa 918.00 MPa 30.38 MPa ·≈–
911.16 MPa μ“¡≈”¥—∫ ´÷Ëß¡“°°«à“™‘Èπß“πÕ◊ËπÊ ·μà‰¡à·μ°μà“ß®“° C2 ∑’ËÕ—μ√“ à«π 5:5 ¡’§à“§«“¡∑π·√ß
°√–·∑° Ÿß ÿ¥ ‡∑à“°—π 8.51 kj/m2 ·≈–¡“°°«à“™‘Èπß“πÕ◊ËπÊ ·μà‰¡à·μ°μà“ß®“° C1 ∑’ËÕ—μ√“ à«π 3:3
™π‘¥·≈–°“√°√–®“¬μ—«μ“¡·π«Õ‘ √– æ—π∏–¿“¬„π∑’Ë¬÷¥‡°“–√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´å √«¡∑—ÈßÕ—μ√“ à«π
¢Õß‡ âπ„¬ ¡’º≈μàÕ ¡∫—μ‘‡™‘ß°≈¢Õß«— ¥ÿº ¡ ¥—ßπ—Èπ «— ¥ÿ∑’Ë‡À¡“– ”À√—∫π”‰ª„™âª√–‚¬™πå¡“°∑’Ë ÿ¥ §◊Õ
«— ¥ÿº ¡‡ √‘¡·√ß¥â«¬‡ âπ„¬√“°À≠â“·Ω°º ¡‡ âπ„¬‡ª≈◊Õ°∂—Ë«≈‘ ß (C2) ∑’ËÕ—μ√“ à«π 1:1 ‡π◊ËÕß®“°‡¡◊ËÕ
π”¡“º ¡°—∫‡¡∑√‘°´å æ∫«à“‡°‘¥™àÕß«à“ß√–À«à“ß‡ âπ„¬°—∫‡¡∑√‘°´åπâÕ¬‡¡◊ËÕ‡∑’¬∫°—∫Õ—μ√“ à«πÕ◊ËπÊ  àßº≈
„Àâ§à“§«“¡∑πμàÕ·√ß¥÷ß·≈–·√ßμ—¥‚§âß‡æ‘Ë¡¢÷Èπ 2) «— ¥ÿº ¡‡ √‘¡·√ß¥â«¬‡ âπ„¬√“°À≠â“·Ω°º ¡‡ âπ„¬
¡–æ√â“« (C1) ∑’ËÕ—μ√“ à«π 5:5 ¡’§à“§«“¡∑π·√ß°√–·∑° Ÿß ÿ¥ ‡∑à“°—∫ 8.51 kJ/m2

°“√»÷°…“‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õß«— ¥ÿº ¡À≈—ß°“√∑¥ Õ∫ ¡∫—μ‘‡™‘ß°≈  √ÿªº≈‰¥â¥—ßπ’È
1)  “‡Àμÿ∑’Ë∑”„Àâ ¡∫—μ‘‡™‘ß°≈¡’§à“‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß®“°°“√¬÷¥‡°“–√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´å‡°‘¥¢÷Èπ‰¥â¥’
∑”„Àâ‡°‘¥™àÕß«à“ßπâÕ¬ ·≈–§«“¡‡§√’¬¥·√ß¥÷ß —¡æ—π∏å°—∫§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫·≈–°√–®“¬·√ßÕ¬à“ß
 ¡Ë”‡ ¡Õ∑—Ë«∑—Èßæ◊Èπº‘«¢Õß«— ¥ÿº ¡ 2)  “‡Àμÿ∑’Ë∑”„Àâ ¡∫—μ‘‡™‘ß°≈¢Õß«— ¥ÿº ¡¡’§à“≈¥≈ß ‡π◊ËÕß®“°æ∫
™àÕß«à“ß√–À«à“ß‡ âπ„¬·≈–‡¡∑√‘°´å ‡ªìπº≈¢Õßª√“°Ø°“√≥åÀ≈ÿ¥ÕÕ°¢Õß‡ âπ„¬ (fiber pull out phenomena)
·≈–∑”„Àâ°“√¥Ÿ¥´—∫æ≈—ßß“π°“√·μ°À—°≈¥≈ß „π°√≥’¢Õß°“√∑¥ Õ∫ ¡∫—μ‘§«“¡∑π·√ß°√–·∑°
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