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∫∑§—¥¬àÕ 
 «—µ∂ÿª√–ß§å„π°“√»÷°…“§√—Èßπ’È‡æ◊ËÕª√–‡¡‘πª√–-

‘∑∏‘¿“æ°“√¬÷¥µ‘¥√–À«à“ß‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬

∑’ Ëº à“π°“√ª√—∫¿“ææ◊ Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢Õß

Õ“°“»°—∫§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈« ‡¥◊Õ¬¥’∑’‰≈∑å

®”π«π 56 ·∑àß·∫àßÕÕ°‡ªìπ 4 °≈ÿà¡µ“¡¿“«–°“√

ª√—∫¿“ææ◊Èπº‘«§◊Õ 1. °≈ÿà¡∑’Ë‰¡àª√—∫¿“ææ◊Èπº‘« 

(°≈ÿà¡§«∫§ÿ¡) 2. °≈ÿà¡∑’Ëª√—∫¿“æ¥â«¬“√§Ÿà§«∫‰´

‡≈π 3. °≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢Õß

Abstract 
 The purpose of this study was to investigate 

the bond strength of fiber-reinforced composite 

post to flowable composite core build-up 

material after air plasma jet surface treatment. 

Fifty six DT Light-Post® were divided into 4 

groups according to surface treatment: i. 

untreated surface group (control), ii. silane 

coupling agent treated surface group, iii. air 

∫∑«‘∑¬“°“√ 
Original Article 
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Õ“°“»º¡°ä“´Œ’‡≈’¬¡ ·≈– 4. °≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπ

º‘«¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°ä“´Õ“√å°Õπ ‚¥¬

à«π∫π¢Õß‡¥◊Õ¬‡√‘¡‡âπ„¬Àÿâ¡‚¥¬√Õ∫¥â«¬§Õ¡‚æà«π∫π¢Õß‡¥◊Õ¬‡√‘¡‡âπ„¬Àÿâ¡‚¥¬√Õ∫¥â«¬§Õ¡‚æà«π∫π¢Õß‡¥◊Õ¬‡√‘¡‡

‘µ·°πøíπ™π‘¥‡À≈«·≈â«‡°Á∫‰«â„ππÈ”∑’ËÕÿ≥À¿Ÿ¡‘ 37 

Õß»“‡´≈‡´’¬‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ™‘Èπ∑¥Õ∫·µà≈–™‘Èπ

„π∑ÿ°°≈ÿà¡∂Ÿ°∑¥Õ∫°”≈—ß¥÷ß‡©◊Õπ¥â«¬«‘∏’°“√¥÷ß‚¥¬

„™â‡§√◊ËÕß∑¥Õ∫“°≈ (°≈ÿà¡≈– 8 ™‘Èπ) ‡¥◊Õ¬∑’Ë‡À≈◊Õ„π

∑ÿ°°≈ÿà¡∑’Ë‰¡à∂Ÿ°Àÿâ¡¥â«¬§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈« ∂Ÿ°

π”¡“∑¥Õ∫§«“¡¢√ÿ¢√–¢Õßº‘«‡¥◊Õ¬ (°≈ÿà¡≈– 2 ™‘Èπ) 

¥â«¬‡§√◊ËÕßæ√Õøî‚≈¡‘‡µÕ√å ·≈–µ√«®Õ∫≈—°…≥–æ◊Èπ

º‘«¢Õß‡¥◊Õ¬°àÕπ·≈–À≈—ß∑¥Õ∫°”≈—ß¥÷ß‡©◊Õπ¥â«¬

°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈°µ√Õπ™π‘¥àÕß°√“¥ (°≈ÿà¡≈– 

2™‘Èπ) ‚¥¬°≈ÿà¡øíß°å™—ππÕ≈∑’Ë‡°‘¥¢÷Èπ∂Ÿ°«‘‡§√“–Àå‚¥¬

„™âøÕ√å‡√ ’¬∑√“πøÕ√å¡Õ‘πø√“‡√¥‡ª§‚µ√‚§ªï 

(°≈ÿà¡≈– 2 ™‘Èπ) °“√«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫

®”·π°∑“ß‡¥’¬«·≈–°“√∑¥Õ∫‡™‘ß´âÕπ¥â«¬«‘∏’·∑¡

·Œπæ∫«à“‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬”§—≠¢Õß

°”≈—ß¥÷ß‡©◊Õπ„π·µà≈–°≈ÿà¡∑’Ë§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95  

®“°°“√∑¥Õ∫¥â«¬«‘∏’∑Ÿ°’‰¡àæ∫§«“¡·µ°µà“ß¢Õß

§«“¡¢√ÿ¢√–∫πº‘«‡¥◊Õ¬„π∑ÿ°°≈ÿà¡∑’Ë§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬

≈– 95    

§””§—≠: ‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬ °”≈—ß¥÷ß‡©◊Õπ 

°“√ª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“  

mixed with helium plasma jet treated surface 

group, and iv. air mixed with argon plasma jet 

treated surface group. The coronal parts of the 

fiber posts were encapsulated with flowable 

composite core build-up material. The specimens 

were immersed in distilled water at 37°C for 24 

hours. All specimens were pull-out tests by using 

a universal testing machine to evaluate the 

tensile-shear bond strength of the specimens in 

each group (n = 8).  Profilometer and scanning 

electron microscope were used to examine the 

surface roughness and surface morphology in the 

non-encapsulated flowable composite posts (n=

2).  Fourier transform infrared spectroscopy was 

used to measure the functional group in the posts 

after surface treatments (n=2). One-way ANOVA 

and Tamhane’s multiple comparisons test revealed

that there were no significant differences in 

tensile-shear bond strengths among each group 

(p=0.05). No significant differences were found 

in the surface roughness of all post specimens 

with Tukeyís test (p = 0.05).  

Keywords: Fiber-reinforce composite post, 

tensile-shear bond strength, plasma jet treatment 

∫∑π” 
 ªí®®ÿ∫—ππ‘¬¡„™â‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬ (fiber-

reinforced composite post) ∫Ÿ√≥–øíπ∑’Ëºà“π°“√√—°…“

§≈Õß√“°øíπ ‡π◊ËÕß®“°‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬¡’¢âÕ¥’

À≈“¬Ê ª√–°“√ ‡™àπ ¡’‚¡¥Ÿ≈—¬◊¥À¬ÿàπ (modulus of 

elasticity) „°≈â‡§’¬ß°—∫‡π◊ÈÕøíπ™à«¬≈¥ªí≠À“°“√·µ°

¢Õß√“°øíπ(1) „Àâ§«“¡«¬ß“¡‡¡◊ËÕ„™â°—∫§√Õ∫øíπ‡´√“- 

¡‘°≈â«π(2) œ≈œ ·µà¬—ßæ∫«à“‡°‘¥°“√À≈ÿ¥¢Õß‡¥◊Õ¬§Õ¡‚æ

‘µ‡√‘¡âπ„¬®“°§≈Õß√“°øíπ ´÷Ëß‡°‘¥®“°§«“¡≈â¡‡À≈«

¢Õß°“√¬÷¥µ‘¥√–À«à“ß‡√´‘π´’‡¡πµå°—∫‡¥◊Õ¬§Õ¡‚æ‘µ

‡√‘¡‡âπ„¬(3,4) À√◊Õ§Õ¡‚æ‘µ·°πøíπ (composite core 

build-up material) ·≈–§√Õ∫øíπÀ≈ÿ¥®“°‡¥◊Õ¬§Õ¡-

‚æ‘µ‡√‘¡‡âπ„¬(5) “‡Àµÿà«πÀπ÷Ëß‡°‘¥®“°‰¡à¡’ªØ‘°√‘¬“

∑“ß‡§¡’√–À«à“ß‡√´‘π‡¡∑√‘°´å¢Õß‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡

‡âπ„¬°—∫‡√ ‘́π§Õ¡‚æ‘µ∑’Ë¡’‡¡∑“§√‘‡≈µ‡ªìπà«πª√–°Õ∫

æ◊Èπ∞“π (methacrylate-base resin composite)(6) ®÷ß¡’

§«“¡æ¬“¬“¡ª√—∫¿“ææ◊Èπº‘«‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡

‡âπ„¬‡æ◊ËÕ‡æ‘Ë¡ª√–‘∑∏‘¿“æ¢Õß°“√¬÷¥µ‘¥À≈“¬«‘∏’‰¥â·°à 

«‘∏’‡™‘ß°≈ ‡™àπ°“√‡æ‘Ë¡§«“¡¢√ÿ¢√–¢Õßæ◊Èπº‘«¥â«¬°“√æàπ

ºßÕ≈Ÿ¡‘π“ (sandblasting)(7) «‘∏’°“√„™â“√‡§¡’ ‡™àπ°“√

∑“º‘«‡¥◊Õ¬¥â«¬“√§Ÿà§«∫‰´‡≈π (silane coupling agent)(8)

À√◊Õ„™â“√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å°—¥°√àÕπº‘«
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‡¥◊Õ¬(9) «‘∏’‡™‘ß°≈√à«¡°—∫°“√„™â“√‡§¡’ ‡™àπ °“√æàπºß

Õ≈Ÿ¡‘π“∑’Ëº‘«‡¥◊Õ¬·≈â«∑“¥â«¬“√§Ÿà§«∫‰´‡≈π(10) ·≈–«‘∏’

©’¥æ◊Èπº‘«‡¥◊Õ¬¥â«¬æ≈“¡“ (plasma treatment)(11) „Àâ

º≈°“√¬÷¥µ‘¥¥’¢÷Èπ „π§≈‘π‘°“√‡§¡’∑’Ëπ‘¬¡„™â‡æ◊ËÕª√—∫

¿“ææ◊Èπº‘«¢Õß‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬§◊Õ°“√„™â

“√§Ÿà§«∫‰´‡≈π ∑“∑’Ëº‘«‡¥◊Õ¬°àÕπ°“√¬÷¥µ‘¥(12) “√§Ÿà§«∫

‰´‡≈π‡ªìπ“√º¡√–À«à“ß“√ª√–°Õ∫Õ‘π∑√’¬å (organic

compound) ·≈– Õπ‘π∑√’¬å (inorganic compound) ∑’Ë

∑”Àπâ“∑’Ë‡ªìπµ—«°≈“ß™à«¬„π°“√¬÷¥µ‘¥√–À«à“ß«—¥ÿµà“ß

™π‘¥°—π´÷ Ëß‰¥â·°à“√Õ‘π∑√’¬ å·≈–Õπ‘π∑√’¬ å‚¥¬ºà“π

ªØ‘°‘√‘¬“§Ÿà§«∫ (dual reaction)(13) ‚¥¬À¡Ÿàøíß°å™—ππÕ≈ 

(functional group) Õ‘π∑√’¬å¢Õß“√§Ÿà§«∫‰´‡≈π ‡™àπ ‰«

π‘≈ (vinyl) Õ—≈≈‘≈ (allyl) Õ–¡‘‚π (amino) “¡“√∂∑”

ªØ‘°‘√‘¬“°—∫‡¡∑√‘°´åÕ‘π∑√’¬å ªØ‘°‘√‘¬“°—∫‡¡∑√‘°´åÕ‘π∑√’¬å ªØ‘°‘√‘¬“°—∫‡¡∑ (organic matrix) „π¢≥–∑’Ë

°≈ÿà¡Õ—≈§Õ°´’ (alkoxy group) ¢Õß“√§Ÿà§«∫‰´‡≈π 

‡™àπ ‡¡∑Õ°´’ (methoxy) “¡“√∂∑”ªØ‘°‘√‘¬“°—∫“√ 

Õπ‘π∑√’¬å °àÕ„Àâ‡°‘¥·√ß¬÷¥√–À«à“ß«—¥ÿµà“ß™π‘¥°—π¥â«¬

æ—π∏–‚§«“‡≈π∑å (covalent bond)(14) à«π°“√„™âæ≈“¡“

‡æ◊ËÕª√—∫¿“ææ◊Èπº‘«¡—°„™â„π«ß°“√Õÿµ“À°√√¡‰¥â¡’°“√

„™âæ≈“¡“‡æ◊ËÕª√—∫¿“æº‘«¢ÕßæÕ≈‘‡¡Õ√å (polymer)

Õ¬à“ß·æ√àÀ≈“¬(15) ‡æ◊ËÕ∑”„Àâ§ÿ≥¡∫—µ‘°“√¬÷¥µ‘¥¥’¢÷Èπ

‚¥¬æ≈“¡“‡ªìπµ—«°≈“ß∑’Ë“¡“√∂π”‰øøÑ“‰¥â ‡ªìπ°ä“´

∑’Ë¡’ª√–®ÿ ‚¥¬∑—Ë«‰ª·≈â«æ≈“¡“ª√–°Õ∫¥â«¬ª√–®ÿ∫«°

·≈–ª√–®ÿ≈∫∑’Ë¡’§«“¡Àπ“·πàπ‡∑à“°—π  À√◊Õ°≈à“«‰¥â«à“

‡ªìπ°≈ÿà¡¢Õß Õ‘‡≈§µ√Õπ (electron) ‰ÕÕÕπ (ion)

‚¡‡≈°ÿ≈ (molecule) Õπÿ¡Ÿ≈Õ‘√– (free radical) ·≈–

Õ–µÕ¡ (atom) „π∂“π–°√–µÿâπ(16) ´÷Ëß‡√’¬°«à“ ªï´’å∑’Ë

¡’æ≈—ßß“π (energetic species) °“√∑”„Àâ°ä“´‡°‘¥°“√

‰ÕÕÕπ‰π´å (ionize) ‡ªìπæ≈“¡“¡—°∑”¿“¬„µâŸ≠≠“- 

°“»¥â«¬°“√„™â‡§√◊ËÕß°”‡π‘¥‰øøÑ“§«“¡∂’ËŸß(17)  ‡¡◊ËÕ°ä“´

∂Ÿ°°√–µÿâπ¥â«¬Õÿ≥À¿Ÿ¡‘Ÿß¢÷ÈπÕ¬à“ß‡æ’¬ßæÕ Õ–µÕ¡·≈–

‚¡‡≈°ÿ≈¢Õß°ä“´‡°‘¥°“√‰ÕÕÕπ‰π´å·≈–Õ‘‡≈§µ√Õπ¡’°“√

À≈ÿ¥ÕÕ°¡“‡π◊ËÕß®“°°“√™π°—πÕ¬à“ß√ÿπ·√ß¢ÕßÕ–µÕ¡

·≈–‚¡‡≈°ÿ≈∑’Ë∂Ÿ°°√–µÿâπ‡À≈à“π—Èπ ‡¡◊ËÕªï´’å∑’Ë¡’æ≈—ßß“π

‡À≈à“π’È°√–∑∫º‘«¢ÕßæÕ≈‘‡¡Õ√å°àÕ„Àâ‡°‘¥°“√∂à“¬∑Õ¥

æ≈—ßß“π®“°æ≈“¡“‰ªŸàæ◊Èπº‘«æÕ≈‘‡¡Õ√å æ≈—ßß“π‡À≈à“

π’È∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡§¡’·≈–∑“ßøî‘°å·°à

æ◊Èπº‘«æÕ≈‘‡¡Õ√å¥—ßπ’È§◊Õ 1) °”®—¥“√ªπ‡ªóôÕπ∑’Ëµ°§â“ßæ◊Èπº‘«æÕ≈‘‡¡Õ√å¥—ßπ’È§◊Õ 1) °”®—¥“√ªπ‡ªóôÕπ∑’Ëµ°§â“ßæ◊Èπº‘«æÕ≈‘‡¡Õ√å¥—ßπ

∫πæ◊Èπº‘«æÕ≈‘‡¡Õ√å 2) ‡Àπ’Ë¬«π”„Àâ‡°‘¥ À¡Ÿàøíß°å™—ππÕ≈∑’Ë

æ◊ Èπº‘«æÕ≈‘‡¡Õ√å´÷ Ëßæ√âÕ¡∑”ªØ‘°‘√‘¬“°—∫“√Õ◊ ËπÊ(18)

µ—«Õ¬à“ß‡™àπ ‡Àπ’Ë¬«π”„Àâ‡°‘¥°≈ÿà¡∑’Ëª√–°Õ∫¥â«¬ÕÕ°´‘-

‡®π (oxygen-containing group) (-OH, -OOH) ∑’Ëæ◊Èπ

º‘«¢ÕßæÕ≈‘‡¡Õ√å∑”„Àâæ◊Èπº‘«¢ÕßæÕ≈‘‡¡Õ√å¡’§«“¡™Õ∫

πÈ” (hydrophilicity) ¡“°¢÷Èπ(19) ·≈– 3) “¡“√∂‡ª≈’Ë¬π

‚§√ß√â“ßæ◊Èπº‘« (surface topography) ‚¥¬°“√

°—¥°√àÕπ (etching) À√◊Õ°“√‡ª≈’Ë¬πÕß§åª√–°Õ∫æ◊Èπº‘« 

(decomposition) ¥â«¬°“√‡§≈◊Õ∫º‘«(20) °“√‡ª≈’Ë¬π 

·ª≈ß‡À≈à“π’È∑”„Àâ§ÿ≥¡∫—µ‘°“√¬÷¥µ‘¥¢ÕßæÕ≈‘‡¡Õ√å¥’

¢÷Èπ ·≈–∑’Ë”§—≠§◊Õ°“√ª√—∫¿“ææ◊Èπº‘«¥â«¬æ≈“¡“

∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß‡©æ“–æ◊Èπº‘«∫πÿ¥‡∑à“π—Èπ 

‰¡à¡’º≈µàÕ§ÿ≥¡∫—µ‘«—¥ÿ¥â“π„π(21) ·µà¢âÕ¥âÕ¬∑’Ë”§—≠

¢Õß°“√„™âæ≈“¡“§◊Õ „™â‡«≈“π“π„π°“√ª√—∫¿“æ(22)

‡π◊ËÕß®“°æ≈“¡“µâÕß∑”„π√–∫∫ªî¥¿“¬„µâ¿“«–Ÿ≠-

≠“°“» ®÷ß¡’·π«§‘¥π”æ≈“¡“ª√—∫¿“ææ◊Èπº‘«æÕ≈‘-≠“°“» ®÷ß¡’·π«§‘¥π”æ≈“¡“ª√—∫¿“ææ◊Èπº‘«æÕ≈‘-≠“°“» ®÷ß¡’·π«§‘¥π”æ≈“¡“ª√—

‡¡Õ√å∑’Ë§«“¡¥—π∫√√¬“°“» (atmospheric pressure 

plasma) ∑’Ë„™â‡«≈“„π°“√ª√—∫¿“ææ◊Èπº‘«‡√Á«¢÷Èπ ª√–À¬—¥

§à“„™â®à“¬ ·≈–‡æ‘Ë¡§ÿ≥¡∫—µ‘°“√¬÷¥µ‘¥¢Õßæ◊Èπº‘«„Àâ¥’ 

¢÷ Èπ(23,24) ¡“„™â„π°“√ª√—∫¿“æ‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡

‡âπ„¬ ÷́Ëßæ◊Èπº‘«¥â“ππÕ°ÀàÕÀÿâ¡¥â«¬æÕ≈‘‡¡Õ√å ‚¥¬æ≈“¡“

∑’Ë§«“¡¥—π∫√√¬“°“»™π‘¥æ‘‡»…∑’Ë“¡“√∂§«∫§ÿ¡≈”

¢Õßæ≈“¡“„ÀâÕÕ°¡“®“°ª≈“¬°√–∫Õ°‡§√◊ ËÕß¡◊Õ

¢π“¥‡≈Á°‡√’¬°«à“ ‡®Á∑æ≈“¡“ (plasma jet)(24) “¡“√∂

ª√—∫¿“ææ◊Èπº‘«æÕ≈‘‡¡Õ√å„π∫√‘‡«≥∑’Ë‡©æ“–‡®“–®ß‰¥â 

®÷ß‡À¡“–°—∫°“√π”¡“ª√—∫¿“ææ◊Èπº‘«æÕ≈‘‡¡Õ√å∑’Ë„™â„π

∑“ß∑—πµ°√√¡ ´÷Ëß‡®Á∑æ≈“¡“‡°‘¥®“°°ä“´∂Ÿ°¥—π„Àâºà“π

∑àÕÕ‘‡≈§‚µ√¥ (electrode  tube) ∑’Ë¡’°√–·‰øøÑ“ºà“π

√–À«à“ß¢—È«‰øøÑ“ 2 ¢—È« ∑’Ë§≈◊Ëπ§«“¡∂’Ë«‘∑¬ÿ§à“Àπ÷Ëß  ∑”„Àâ

‚¡‡≈°ÿ≈°ä“´∑’ ËªÑÕπ‡°‘¥°“√·µ°µ—«Õ¬Ÿ à„π∂“π–∑’ Ë∂Ÿ°

°√–µÿâπ ¡’æ≈—ßß“πŸß ·≈–∂Ÿ°∫’∫ÕÕ°¡“∑“ß√Ÿ‡ªî¥∑’Ë·§∫ 

¥â«¬°“√‡Àπ’Ë¬«π”∑“ß‰øøÑ“·≈–°“√‰À≈¢ÕßÕ“°“» (air 

flow) „Àâ¡’√Ÿª√à“ß‡ªìπ≈”‡®Á∑ À√◊Õ√Ÿª√à“ß§≈â“¬‡¢Á¡ ´÷Ëß

‰ÕÕÕπ·≈–Õ‘‡≈Á°µ√Õπ∑’Ë∂Ÿ°ª≈àÕ¬ÕÕ°¡“¡’Õ“¬ÿ—Èπ ‚¥¬

°“√≈“¬µ—«ºà“π°√–∫«π°“√√«¡µ—«°—π„À¡à (recom-

bination)(25) ®“°°“√»÷°…“¢Õß Noeske ·≈–§≥–(24)

æ∫«à“°“√„™â‡®Á∑æ≈“¡“™à«¬ª√—∫ª√ÿß§ÿ≥¡∫—µ‘°“√¬÷¥

µ‘¥¢Õß æÕ≈‘‡Õ∑∑‘≈≈‘π ‡∑‡√ø∑“‡≈µ (polyethylene 
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terepthalate) æÕ≈‘‡Õ¡“¬¥å À° (polyamide 6) æÕ≈‘‰«-

π‘≈ ¥‘π‘ø≈ŸÕÕ‰√¥å (polyvinyl denefluoride) ·≈–æÕ≈‘-

‡Õ∑∑‘≈≈‘π§«“¡Àπ“·πàπŸß (high density-polye-

thylene) „Àâ¥’¢÷ÈπÕ¬à“ß¡’π—¬”§—≠ 

 „π∑“ß∑—πµ°√√¡„™âæ≈“¡“∑’Ë§«“¡¥—π∫√√¬“°“»

ª√—∫¿“ææ◊Èπº‘«æÕ≈‘‡¡Õ√å ‚¥¬ Nishigawa ·≈–§≥–(26)

æ∫«à“æ≈“¡“∑’Ë§«“¡¥—π∫√√¬“°“»“¡“√∂‡æ‘Ë¡ °”≈—ß

¥÷ß‡©◊Õπ (tensile-shear bond strength) √–À«à“ß‡√´‘π

Õ–§√‘≈‘§ (acrylic resin) ∑’Ë∫à¡µ—«¥â«¬§«“¡√âÕπ™π‘¥

‡¡∑‘≈‡¡∑“§√‘‡≈µ (heat-cured polymethylmetha-

crylate acylic resin) °—∫ ‡√´‘πÕ–§√‘≈‘§∑’Ë∫à¡¥â«¬µ—«‡Õß 

(self-curing acrylic resin) ‚¥¬æ≈“¡“‡¢â“‰ª∑”§«“¡

–Õ“¥æ◊Èπº‘«¢Õß‡√´‘πÕ–§√‘≈‘§µ≈Õ¥®π‡Àπ’Ë¬«π”„Àâ‡°‘¥

À¡Ÿà‰Œ¥√Õ°´‘≈ (-OH) ∫πæ◊Èπº‘«¢Õß‡√´‘πÕ–§√‘≈‘§®÷ß‡æ‘Ë¡

§ÿ≥¡∫—µ‘°“√‡ªï¬°πÈ” (wettability) ¢Õßæ◊Èπº‘«‡√´‘π

Õ–§√‘≈‘§ 

ºŸ â«‘®—¬®÷ß¡’§«“¡π„®„™â‡®Á∑æ≈“¡“¢ÕßÕ“°“»

ª√—∫¿“ææ◊Èπº‘«‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬ ‡æ◊ËÕ‡æ‘Ë¡

ª√–‘∑∏‘¿“æ°“√¬÷¥µ‘¥√–À«à“ß‡¥◊Õ¬™π‘¥π’È°—∫§Õ¡‚æ‘µ

·°πøíπ ´÷Ëß‡ªìπ«‘∏’∑’Ë‰¡à„™â“√‡§¡’∑’Ë°àÕ„Àâ‡°‘¥¡≈¿“«–µàÕ·°πøíπ ´÷Ëß‡ªìπ«‘∏’∑’Ë‰¡à„™â“√‡§¡’∑’Ë°àÕ„Àâ‡°‘¥¡≈¿“«–µàÕ·°πøíπ ´÷Ëß‡ªìπ«‘∏’∑’Ë‰¡à„™â“√‡§¡

‘Ëß·«¥≈âÕ¡ √«¡∑—Èß‡ªìπ«‘∏’°“√∑’Ë√«¥‡√Á«·≈–ª√–À¬—¥§à“

„™â®à“¬ ·≈–‰¡àµâÕßπ”‡¢â““√‡§¡’®“°µà“ßª√–‡∑» ‚¥¬¡’

¡¡ÿµ‘∞“π«à“ß¢Õß°“√»÷°…“π’È§◊Õ°“√ª√—∫¿“ææ◊Èπº‘«

‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»

‰¡à‡æ‘Ë¡ª√–‘∑∏‘¿“æ°“√¬÷¥µ‘¥¢Õß‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡

‡âπ„¬°—∫§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈« (flowable com-

posite core build-up material) ‡¡◊ËÕ‡∑’¬∫°—∫°“√„™â“√

§Ÿà§«∫‰´‡≈π 

«—µ∂ÿª√–ß§å 
 1. ª√–‡¡‘πª√–‘∑∏‘¿“æ°“√¬÷¥µ‘¥¢Õß‡¥◊Õ¬§Õ¡‚æ

‘µ‡√‘¡‡âπ„¬∑’ Ëº à“π°“√ª√—∫¿“ææ◊ Èπº‘«¥â«¬‡®Á∑

æ≈“¡“¢ÕßÕ“°“»°—∫§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈«¥â«¬

°“√∑¥Õ∫°”≈—ß¥÷ß‡©◊Õπ  

2. ª√–‡¡‘πª√–‘∑∏‘¿“æ°“√¬÷¥µ‘¥¢Õß‡¥◊Õ¬§Õ¡‚æ-

‘µ‡√‘¡‡âπ„¬∑’Ëºà“π°“√ª√—∫¿“æ¥â«¬“√§Ÿà§«∫‰´‡≈π

°—∫§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈«¥â«¬°“√∑¥Õ∫°”≈—ß¥÷ß

‡©◊Õπ  

 3. ‡ª√’¬∫‡∑’¬∫°”≈—ß¥÷ß‡©◊Õπ √–À«à“ß§Õ¡‚æ‘µ

·°πøíπ™π‘¥‡À≈«°—∫‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬∑’Ëºà“π

°“√ª√ —∫¿“ææ◊ Èπº ‘«¥ â«¬“√§Ÿ à§«∫‰´‡≈π°—∫‡® Á∑

æ≈“¡“¢ÕßÕ“°“» 

4. »÷°…“°“√‡ª≈’ Ë¬π·ª≈ßæ◊Èπº‘«‡¥◊Õ¬§Õ¡‚æ‘µ

‡√‘¡‡âπ„¬∑—Èß∑“ß‡§¡’·≈–∑“ßøî‘°å∑’ Ëºà“π°“√ª√—∫

¿“ææ◊Èπº‘«¥â«¬“√§Ÿà§«∫‰´‡≈π·≈–‡®Á∑æ≈“¡“¢Õß

Õ“°“» 

«—¥ÿÕÿª°√≥å·≈–«‘∏’°“√ 
 π”‡¥◊Õ¬¥’∑’‰≈¥å (DT Light posts®, RTD, St. 

Egreve, France, Batch number 159801103) ´÷Ëß‡ªìπ

‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬§«Õµ´å™π‘¥ª≈“¬Õ∫ 

(taper post) ∑’Ë¡’à«πª√–°Õ∫æ◊Èπ∞“π¢Õß‡¡∑√‘°´å‡ªìπ 

‡√´‘π Õ‘ªÕ°´’ (epoxy resin) ∑’Ë¡’¢π“¥‡âπºà“»Ÿπ¬å°≈“ß 

1.8 ¡‘≈≈‘‡¡µ√ ¬“« 20¡‘≈≈‘‡¡µ√®”π«π 56 ·∑àß¡“·∫àß

ÕÕ°‡ªìπ 4 °≈ÿà¡Ê ≈– 14 ·∑àß ¥â«¬«‘∏’ÿ à¡ (simple 

random sampling without replacement) °≈ÿà¡∑’Ë 1 §◊Õ 

°≈ÿà¡∑’Ë‡¥◊Õ¬‰¡àª√—∫¿“ææ◊Èπº‘«„¥Ê °àÕπ¬÷¥°—∫§Õ¡‚æ-

‘µ·°πøíπ™π‘¥‡À≈«¡—≈µ‘§Õ√å‚ø≈«å (MultiCore Flow®,

Ivoclar Vivadent, Schaan, Liechtenstein) ´÷Ëß‡ªìπ 

°≈ÿà¡§«∫§ÿ¡ °≈ÿà¡∑’Ë 2 §◊Õ°≈ÿà¡‡¥◊Õ¬∑’Ë∂Ÿ°ª√—∫¿“ææ◊Èπ

º‘«¥â«¬“√§Ÿà§«∫‰´‡≈π °≈ÿà¡∑’Ë 3 ·≈– 4 §◊Õ°≈ÿà¡‡¥◊Õ¬∑’Ë

∂Ÿ°ª√—∫¿“æ¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°—∫°ä“´

Œ’‡≈’¬¡ ·≈– ‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°—∫°ä“´

Õ“√å°Õπ µ“¡≈”¥—∫ ”À√—∫‡¥◊Õ¬„π°≈ÿà¡∑’Ë 2 °àÕπ¬÷¥°—∫

§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈«¡—≈µ‘§Õ√å‚ø≈«åπ—Èπà«π∫πÿ¥

¢Õß‡¥◊Õ¬¬“«ª√–¡“≥ 2 ¡‘≈≈‘‡¡µ√∂Ÿ°∑“¥â«¬“√§Ÿà§«∫

‰´‡≈π‚¡‚π∫Õπ¥å ‡Õ (Monobond-S,Ivoclar Viva-

dent, Schaan, Liechtenstein) ‚¥¬√Õ∫·≈â«∑‘Èß‰«â 1 

π“∑’®“°π—Èπ‡ªÉ“„Àâ·Àâß¥â«¬≈¡√âÕπÕÿ≥À¿Ÿ¡‘ 50 Õß»“

‡´≈‡´’¬ à«π‡¥◊Õ¬„π°≈ÿà¡∑’Ë 3 °àÕπ¬÷¥°—∫§Õ¡‚æ‘µ

·°πøíπ™π‘¥‡À≈«¡—≈µ‘§Õ√å‚ø≈«å ‡¥◊Õ¬à«π∫π∂Ÿ°ª√—∫

¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°—∫°ä“´

Œ’‡≈’¬¡‚¥¬„™âÕ—µ√“à«πÕ“°“» µàÕ °ä“´Œ’‡≈’¬¡§◊Õ 1: 160 

·≈–ª√‘¡“≥°ä“´∑’ËªÑÕπŸà√–∫∫‡®Á∑æ≈“¡“§◊Õ 8,050 

¡≈. µàÕ1 π“∑’ ·≈–‡¥◊Õ¬„π°≈ÿà¡∑’Ë 4 °àÕπ¬÷¥°—∫§Õ¡-

‚æ‘µ·°πøíπ™π‘¥‡À≈«¡—≈µ‘§Õ√å‚ø≈«å ‡¥◊Õ¬à«π∫π∂Ÿ°



95 CM Dent J Vol. 34 No. 1 January-June 2013™¡. ∑—πµ“√ ªï∑’Ë 34 ©∫—∫∑’Ë 1 ¡.§.-¡‘.¬. 2556 

ª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°—∫

°ä“´Õ“√å°Õπ‚¥¬„™âÕ—µ√“à«πÕ“°“» µàÕ °ä“´Õ“√å°Õπ

§◊Õ 1: 300 ·≈–ª√‘¡“≥°ä“´∑’ËªÑÕπŸà√–∫∫‡®Á∑æ≈“¡“

§◊Õ 9,030 ¡≈. µàÕ 1 π“∑’ ‡π◊ËÕß®“°√–∫∫‡®Á∑æ≈“¡“∑’Ë

„™â„π°“√∑¥≈Õßπ’È‡ªìπ√–∫∫∑’Ë„™â·√ß¥—π‰øøÑ“µË” (low 

voltage) ´÷Ëß¡’æ≈—ßß“π‰¡à‡æ’¬ßæÕ∑’Ë∑”„ÀâÕ“°“»‡°‘¥°“√

‰ÕÕÕπ‰π´å‡ªìπæ≈“¡“‰¥â ®÷ßµâÕßº¡°ä“´‡©◊ËÕ¬°—∫

Õ“°“»‡ªìπ°ä“´ªÑÕπ (feed gas) ·≈–„ÀâÕ“°“»‡ªìπ°ä“´

∑”ªØ‘°‘√‘¬“ (reactive gas)(20,27) ´÷Ëß«‘∏’°“√ª√—∫¿“ææ◊Èπ

º‘«‡¥◊Õ¬„π°≈ÿà¡∑’Ë 3 ·≈– 4 §◊Õπ”‡¥◊Õ¬¡“‡’¬∫∫π·∑àπ

®—∫‡¥◊Õ¬∑’ËÀ¡ÿπ¥â«¬§«“¡‡√Á« 4 √Õ∫µàÕπ“∑’ ‡æ◊ËÕ„Àâà«π

ª≈“¬∫πÿ¥¢Õß‡¥◊Õ¬¬“« 2 ¡‘≈≈‘‡¡µ√ —¡º—°—∫≈”

æ≈“¡“‚¥¬√Õ∫‡ªìπ‡«≈“ 120 «‘π“∑’ ·≈–¡’√–¬–

√–À«à“ßª≈“¬°√–∫Õ°‡®Á∑°—∫‡¥◊Õ¬§◊Õ 4 ¡‘≈≈‘‡¡µ√ (√Ÿª∑’Ë 

1) ´÷Ëß‡§√◊ËÕß‡®Á∑æ≈“¡“‡ªìπ‡§√◊ËÕß∑’Ëª√–¥‘…∞å‚¥¬»Ÿπ¬å 

«‘®—¬øî‘°å¢Õßæ≈“¡“·≈–≈”Õπÿ¿“§ ¿“§«‘™“øî‘°å

·≈–«—¥ÿ»“µ√å ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à ‚¥¬à«π°√–

∫Õ°‡®Á∑ª√–°Õ∫¥â«¬·∑àßÕ‘‡≈§‚µ√¥∑’ËÀàÕÀÿâ¡¥â«¬∑àÕ·°â« 

(glass tube) ´÷Ëßµ—ÈßÕ¬Ÿà„π·π«·°π°≈“ß¢Õß∑àÕ·°â«∑’Ë∂Ÿ°

µàÕ“¬¥‘π‰«â (grounded) à«π·∑àß‡æ“‡«Õ√åÕ‘‡≈§‚µ√¥

¥â“π„π∂Ÿ°ªÑÕπ¥â«¬°√–·‰øøÑ“∑’Ë·√ß¥—π‰øøÑ“ 35 ‚«≈µå 

°”≈—ß‰øøÑ“ 0.6 ·Õ¡·ª√å·≈–§«“¡∂’Ë 330 °‘‚≈‡Œ‘√µ´å (√Ÿª

∑’Ë 2) ®“°π—Èππ”‡¥◊Õ¬®”π«π 8 ·∑àß„π·µà≈–°≈ÿà¡¡“¬÷¥

¥â«¬ ‡√´‘π §Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈«¡—≈µ‘§Õ√å‚ø≈«å 

µ“¡«‘∏’¢Õß Yavirach ·≈–§≥– (2009)(11) ‰¥â™‘Èπ∑¥Õ∫

¥—ß√Ÿª∑’Ë 3 

 π”™‘Èπ∑¥Õ∫‡¥◊Õ¬øíπ∑’Ë¬÷¥¥â«¬‡√´‘π§Õ¡‚æ‘µ·°π

øíπ™π‘¥‡À≈«¡—≈µ‘§Õ√å‚ø≈«å ®”π«π 8 ™‘Èπ„π·µà≈–°≈ÿà¡

‰ª·™àπÈ”∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬ 24 ™—Ë«‚¡ß À≈—ß

®“°π—Èπ∑¥Õ∫¥â«¬°“√¥÷ß‚¥¬™‘Èπ∑¥Õ∫∂Ÿ°®—∫¥â«¬µ—«

¬÷¥∑’Ë∑”¡“æ‘‡»…´÷Ëßµ‘¥°—∫·∑àπà«π≈à“ß¢Õß‡§√◊ËÕß∑¥Õ∫

“°≈ (Instron 5566, Instron Inc., MA, US) „π¢≥–

∑’Ëµ—«®—∫§Õ¡‚æ‘µ·°πøíπ∂Ÿ°°≈÷ß¡“„ÀâæÕ¥’°—∫‡¥◊Õ¬·≈–

√Õß√—∫à«π≈à“ß¢Õß·À«π‚≈À–„µâµàÕ§Õ¡‚æ‘µ·°πøíπ√Õß√—∫à«π≈à“ß¢Õß·À«π‚≈À–„µâµàÕ§Õ¡‚æ‘µ·°πøíπ√Õß√—∫à«π≈à“ß¢Õß·À«π‚≈À–„µâµ

™π‘¥‡À≈«¡—≈µ‘§Õ√å‚ø≈«åÕ¬à“ßæÕ¥’´÷Ëßà«ππ’Èµ‘¥°—∫à«π

‡§≈◊ËÕπ∑’Ë¢Õß‡§√◊ËÕß∑¥Õ∫“°≈ (√Ÿª∑’Ë 4) ‚¥¬°”Àπ¥πÈ”

Àπ—°À—«¥÷ß 500 π‘«µ—π §«“¡‡√Á«À—«¥÷ß 1 ¡‘≈≈‘‡¡µ√ µàÕ 

π“∑’ ®“°π—Èπ√«∫√«¡§à“°”≈—ß¥÷ß‡©◊Õπ∑’Ë‰¥â„πÀπà«¬ ‡¡°–

√Ÿª∑’Ë 1 °“√ª√—∫¿“ææ◊Èπº‘«à«πª≈“¬¥â“π∫π¢Õß‡¥◊Õ¬

§Õ¡‚æ‘µ‡√‘¡‡âπ„¬¥â«¬‡®Á∑æ≈“¡“ ‚¥¬ª≈“¬

°√–∫Õ°‡®Á∑Àà“ß®“°‡¥◊Õ¬ª√–¡“≥ 4 ¡‘≈≈‘‡¡µ√ 
Figure 1 The coronal part of the fiber-reinforced 

composite post was treated with plasma 

jet. The distance between the post and the 

jet tube was 4 mm. 

√Ÿª∑’Ë 2 ¿“æ√à“ß·¥ß√–∫∫‡®Á∑æ≈“¡“∑’Ëª√–¥‘…∞å¢÷Èπ‡Õß √Ÿª∑’Ë 2 ¿“æ√à“ß·¥ß√–∫∫‡®Á∑æ≈“¡“∑’Ëª√–¥‘…∞å¢÷Èπ‡Õß √Ÿª∑’Ë 2

‚¥¬°√–∫Õ°‡®Á∑ª√–°Õ∫¥â«¬·∑àß‡æ“‡«Õ√åÕ‘‡≈§

‚µ√¥∑’ËÕ¬Ÿà°÷Ëß°≈“ß∑àÕ·°â«∑’ËÀÿâ¡¥â«¬Õ‘‡≈§‚µ√¥∑’ËµàÕ

“¬¥‘π 
Figure 2 Schematic illustration of a self-made 

plasma jet system. The power electrode 

was located at the center of the glass 

tube, which was connected to the ground 

electrode. 
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·∑àßπ”‰ª∑¥Õ∫°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡§¡’¢Õßæ◊Èπº‘«

¥â«¬‡§√◊ËÕßøÕ√å‡√’¬∑√“πøÕ√å¡Õ‘πø√“‡√¥‡ª§‚µ√‚§

ªï (Fourier transform infrared spectroscopy, 

(FTIR), Nicolet 6700, Bruker, Germany) „π√Ÿª·∫∫

‡Õ∑’Õ“√å (ATR mode)

 µ√«®Õ∫æ◊Èπº‘«¢Õß‡¥◊Õ¬¿“¬À≈—ß®“°°“√∑¥Õ∫

°”≈—ß¥÷ß‡©◊Õπ ‚¥¬π”‡¥◊Õ¬ 2 ·∑àß„π·µà≈–°≈ÿà¡¡“µ√«®

°“√‡ª≈’Ë¬π·ª≈ß≈—°…≥–æ◊Èπº‘«¿“¬À≈—ß®“°°“√∑¥Õ∫

°”≈—ß¥÷ß‡©◊Õπ¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥àÕß

°√“¥ 

º≈°“√∑¥≈Õß 
 §à“‡©≈’Ë¬°”≈—ß¥÷ß‡©◊Õπ√–À«à“ß‡¥◊Õ¬°—∫§Õ¡‚æ‘µ

·°πøíπ™π‘¥‡À≈«¡—≈µ‘§Õ√å‚ø≈«å·≈–à«π‡∫’ Ë¬ß‡∫π

¡“µ√∞“π¢Õß·µà≈–°≈ÿà¡·¥ß„πµ“√“ß∑’Ë 1 ·≈–°√“ø

·¥ß°”≈—ß¥÷ß‡©◊Õπ¢Õß‡¥◊Õ¬·µà≈–°≈ÿà¡·¥ß„π√Ÿª∑’Ë 5 

®“°°“√∑¥Õ∫¥â«¬°“√«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫

®”·π°∑“ß‡¥’¬« ·≈–°“√∑¥Õ∫‡™‘ß´âÕπ¥â«¬«‘∏’·∑¡-

·Œπ (Tamhane’s multiple comparison test) ∑’Ë§à“

§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 (p < 0.05) æ∫«à“§à“‡©≈’Ë¬·√ß¥÷ß

‡©◊Õπ¢Õß∑ÿ°°≈ÿà¡‰¡àµà“ß°—πÕ¬à“ß¡’π—¬”§—≠  

 §à“‡©≈’Ë¬§«“¡¢√ÿ¢√–æ◊Èπº‘«¢Õß‡¥◊Õ¬°≈ÿà¡§«∫§ÿ¡  

°≈ÿà¡∑’Ë∑“¥â«¬“√§Ÿà§«∫‰´‡≈π °≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«

¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°ä“´Œ’‡≈’¬¡ ·≈– °≈ÿà¡∑’Ë

ª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°ä“´

√Ÿª∑’Ë 3 ·∫∫√à“ß·¥ß™‘Èπ∑¥Õ∫∑’Ë‡√Á®‡√’¬∫√âÕ¬ ‚¥¬¡’√Ÿª∑’Ë 3 ·∫∫√à“ß·¥ß™‘Èπ∑¥Õ∫∑’Ë‡√Á®‡√’¬∫√âÕ¬ ‚¥¬¡’√Ÿª∑’Ë 3

‡√´‘π§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈«¡—≈µ‘§Õ√å‚ø≈«å 

(CR) ¬÷¥à«π∫π¢Õß‡¥◊Õ¬·≈–¡’·ºàπ·À«π‚≈À–

∫“ß√Õß¥â“π„µâ à«πª≈“¬¥â“πÕ∫¢Õß‡¥◊Õ¬ ΩíßÕ¬Ÿà

„π‡√´‘πÕ–§√‘≈‘°∑’Ë¡’∑àÕæ’«’´’ (PVC)(PVC)(  ÀàÕÀÿâ¡ (π”

¿“æ¡“®“° æ‘√‘¬– ·≈–§≥–(21)) 
Figure 3 Schematic illustration of the complete 

specimens. The coronal end of the fiber-

reinforced composite post was 

encapsulated by flowable composite core 

(CR) with the support of a thin metal 

ring, while the taper apical end of the 

post was embedded into acrylic resin in 

the PVC tube. (Piriya et al.(21)) (21)) (21)

ª≈“§“≈ (MPa) ·≈â««‘‡§√“–Àå∑“ß∂‘µ‘¥â«¬ °“√

«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫®”·π°∑“ß‡¥’¬« (One-

way ANOVA) ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95  

 à«π‡¥◊Õ¬∑’Ë‡À≈◊Õ∑’Ë¬—ß‰¡à‰¥âÀÿâ¡¥â«¬‡√´‘π§Õ¡‚æ‘µ

·°πøíπ™π‘¥‡À≈«¡—≈µ‘§Õ√å‚ø≈«å„π·µà≈–°≈ÿà¡∂Ÿ°ÿà¡‡æ◊ËÕ

∑¥Õ∫¥—ßπ’È ‡¥◊Õ¬ 2 ·∑àß∂Ÿ°∑¥Õ∫§«“¡¢√ÿ¢√–æ◊Èπº‘«

¥â«¬‡§√◊ËÕßæ√Õøî‚≈¡‘‡µÕ√å (Profilometer, Tylyscan 

150, Taylor Hobson, Leicester, UK) ‚¥¬·°π 3 

µ”·Àπàß„π·µà≈–·∑àß„π·µà≈–°≈ÿà¡ ‡æ◊ËÕÀ“§à“‡©≈’Ë¬§«“¡

¢√ÿ¢√–‚¥¬¡’æ◊Èπ∑’Ë¢Õß°“√·°π§◊Õ 2x0.5 µ“√“ß¡‘≈≈‘-

‡¡µ√ Õ’° 2 ·∑àß∂Ÿ°µ√«®°“√‡ª≈’Ë¬π·ª≈ß≈—°…≥–æ◊Èπº‘«

¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥àÕß°√“¥ (JSM-

5410LV, JEOL, Tokyo, Japan) à«π‡¥◊Õ¬∑’Ë‡À≈◊ÕÕ’° 2 

√Ÿª∑’Ë 4 ¿“æ∂à“¬·¥ß°“√®—∫™‘Èπ∑¥Õ∫¥â«¬µ—«¬÷¥∑’Ëµ‘¥°—∫√Ÿª∑’Ë 4 ¿“æ∂à“¬·¥ß°“√®—∫™‘Èπ∑¥Õ∫¥â«¬µ—«¬÷¥∑’Ëµ‘¥°—∫√Ÿª∑’Ë 4

‡§√◊ËÕß∑¥Õ∫“°≈  
Figure 4 The picture shows the specimen was Figure 4 The picture shows the specimen was Figure 4

attached to the Universal testing machine 

with the specimen holder.  
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Õ“√å°Õπ ¡’§à“ 1.91±0.53, 1.96±0.65, 1.81±0.57, ·≈– 

2.16±0.38 ‰¡‚§√‡¡µ√µ“¡≈”¥—∫ ®“°°“√«‘‡§√“–Àå§«“¡

·ª√ª√«π·∫∫®”·π°∑“ß‡¥’¬« ·≈–°“√∑¥Õ∫‡™‘ß´âÕπ

¥â«¬«‘∏’∑Ÿ°’ (Tukeyís multiple comparison test) ∑’Ë§à“

§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 (p < 0.05) ‰¡àæ∫§«“¡·µ°µà“ß

Õ¬à“ß¡’π—¬”§—≠¢Õß§à“‡©≈’ Ë¬§«“¡¢√ÿ¢√–æ◊ Èπº‘«¢Õß

‡¥◊Õ¬∑ÿ°°≈ÿà¡ ®“°°“√∑¥Õ∫¥â«¬‡§√◊ËÕßøÕ√å‡√’¬∑√“π

øÕ√å¡Õ‘πø√“‡√¥‡ª§‚µ√‚§ªï‰¥â§à“‡ª§µ√“ ‡Õø ∑’ 

‰Õ Õ“√å (FTIR spectra) ‡ª√’¬∫‡∑’¬∫√–À«à“ß°≈ÿà¡

§«∫§ÿ¡°—∫°≈ÿà¡∑¥≈Õß„π·µà≈–°≈ÿà¡¥—ß·¥ß„π√Ÿª∑’Ë 6, 7 

·≈– 8 à«π√Ÿª∑’Ë 9 ‡ªìπ√Ÿª‡ª§µ√“‡ª√’¬∫‡∑’¬∫°≈ÿà¡

§«∫§ÿ¡°—∫°≈ÿà¡∑¥≈Õß∑ÿ°°≈ÿà¡ 

 ¿“æ∂à“¬¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥àÕß

°√“¥∑’Ë°”≈—ß¢¬“¬ 400 ‡∑à“ ¢Õßæ◊Èπº‘«‡¥◊Õ¬§Õ¡‚æ‘µ

‡√‘¡‡âπ„¬∑’Ë‰¡à∂Ÿ°Àÿâ¡¥â«¬‡√´‘π§Õ¡‚æ‘µ·°πøíπ™π‘¥

‡À≈«¡—≈µ‘§Õ√å‚ø≈«å „π°≈ÿà¡§«∫§ÿ¡ °≈ÿà¡∑’Ë∑“¥â«¬“√§Ÿà

§«∫‰´‡≈π °≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢Õß

Õ“°“»º¡°ä“´Œ’‡≈’¬¡·≈–°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬

‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°ä“´Õ“√å°Õπ·¥ß„π√Ÿª∑’Ë 

10 (a, b, c ·≈– d µ“¡≈”¥—∫) ®“°¿“æ‰¡àæ∫§«“¡·µ°d µ“¡≈”¥—∫) ®“°¿“æ‰¡àæ∫§«“¡·µ°d

µà“ß∑’Ë™—¥‡®π∫πæ◊Èπº‘«‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬∑’Ëª√—∫

¿“æ¥â«¬«‘∏’µà“ßÊ ‡¡◊ËÕ‡∑’¬∫°—∫æ◊Èπº‘«‡¥◊Õ¬§Õ¡‚æ‘µ

µ“√“ß∑’Ë 1 §à“‡©≈’Ë¬°”≈—ß¥÷ß‡©◊Õπ (‡¡°–ª≈“§“≈) ·≈–à«π

‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß‡¥◊Õ¬·µà≈–°≈ÿà¡ 
Table 1 Means and standard deviations of 

tensile-shear bond strength values of post 

specimens (MPa) 

«‘∏’°“√ª√—∫¿“ææ◊Èπº‘« §à“‡©≈’Ë¬°”≈—ß¥÷ß

‡©◊Õπ (MPa) 

°≈ÿà¡§«∫§ÿ¡ 19.10±1.11 

°≈ÿà¡∑’Ë∑““√§Ÿà§«∫‰´‡≈π 19.59±1.11 

°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑

æ≈“¡“¢ÕßÕ“°“»º¡°ä“´

Œ’‡≈’¬¡ 

16.44±2.25 

°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«‡®Á∑

æ≈“¡“¢ÕßÕ“°“»º¡°ä“´

Õ“√å°Õπ  

18.49±1.26 

√Ÿª∑’Ë 5 °√“ø·¥ß°”≈—ß¥÷ß‡©◊Õπ (‡¡°–ª≈“§“≈) ¢Õß∑ÿ°√Ÿª∑’Ë 5 °√“ø·¥ß°”≈—ß¥÷ß‡©◊Õπ (‡¡°–ª≈“§“≈) ¢Õß∑ÿ°√Ÿª∑’Ë 5

°≈ÿà¡„π√Ÿª·∫∫°≈àÕß·≈–«‘‡°Õ√å‚¥¬°≈àÕßπ”‡πÕ

§à“¡—∏¬∞“π ·≈– Õ‘π‡µÕ√å§«Õ‰∑≈å„π¢≥–∑’Ë«‘‡°Õ√å

π”‡πÕ √âÕ¬≈–‘∫·≈–‡°â“‘∫¢Õß‡ªÕ√å‡´Áπ‰∑≈å 

(control(control(  = °≈ÿà¡§«∫§ÿ¡, control = °≈ÿà¡§«∫§ÿ¡, control silane = °≈ÿà¡∑““√§Ÿà

§«∫‰´‡≈π, air+He = °≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«

¥ â«¬‡® Á∑æ≈“¡“¢ÕßÕ“°“»º¡°ä“´Œ ’ ‡≈ ’¬¡,  

·≈– air+Ar = °≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑air+Ar = °≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑air+Ar

æ≈“¡“¢ÕßÕ“°“»º¡°ä“´Õ“√å°Õπ) 
Figure 5 Graphs show tensile-shear bond 5 Graphs show tensile-shear bond 5

strengths (MPa) for all groups displayed 

in a box and whisker plot. The boxes 

specify the median and the inter-quartile; 

the whiskers specify the 10 and 90 % 

percentiles. (control = control group, 

silane = silane coupling agent treated 

group, air+He = group of the plasma jet 

of the mixture of air and helium gas, and 

air+Ar = group of the plasma jet of the 

mixture of air and argon gas) 

‡√‘¡‡âπ„¬°≈ÿà¡§«∫§ÿ¡ ·≈–¿“æ∂à“¬¥â«¬°≈âÕß®ÿ≈∑√√»πå

Õ‘‡≈§µ√Õπ™π‘¥àÕß°√“¥∑’Ë°”≈—ß¢¬“¬ 400 ‡∑à“ ¢Õßº‘«

‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬∑ÿ°°≈ÿà¡¿“¬À≈—ß®“°∑¥Õ∫

°”≈—ß¥÷ß‡©◊Õπ ·¥ß¥—ß√Ÿª∑’Ë 11 (a, b, c ·≈– d) æ∫

«à“°“√À≈ÿ¥¢Õß‡âπ„¬·°â«∑’Ëæ◊Èπº‘«¢Õß‡¥◊Õ¬§Õ¡‚æ‘µ

‡√‘¡‡âπ„¬°≈ÿà¡∑’Ë“√§Ÿà§«∫‰´‡≈π¡’¡“°°«à“°≈ÿà¡Õ◊ËπÊ 

„π¢≥–∑’Ë°“√À≈ÿ¥¢ÕßæÕ≈‘‡¡Õ√å·≈–‡âπ„¬·°â«∑’Ëæ◊Èπº‘«
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√Ÿª∑’Ë 6 ·¥ß‡ª§µ√“ ‡Õø ∑’ ‰Õ Õ“√å¢Õß‡¥◊Õ¬°≈ÿà¡§«∫§ÿ¡°—∫°≈ÿà¡∑““√§Ÿà§«∫‰´‡≈π ∑’Ë‡≈¢§≈◊Ëπª√–¡“≥ 1732.1 √Ÿª∑’Ë 6 ·¥ß‡ª§µ√“ ‡Õø ∑’ ‰Õ Õ“√å¢Õß‡¥◊Õ¬°≈ÿà¡§«∫§ÿ¡°—∫°≈ÿà¡∑““√§Ÿà§«∫‰´‡≈π ∑’Ë‡≈¢§≈◊Ëπª√–¡“≥ 1732.1 √Ÿª∑’Ë 6 cm-1æ∫

«à“‡¥◊Õ¬°≈ÿà¡∑““√§Ÿà§«∫‰´‡≈π¡’‡ª§µ√“∑’Ë·µ°µà“ß®“°°≈ÿà¡§«∫§ÿ¡Õ¬à“ß™—¥‡®π ´÷Ëß‡≈¢§≈◊Ëππ’È·¥ß∂÷ßÀ¡Ÿàøíß°å™—π«à“‡¥◊Õ¬°≈ÿà¡∑““√§Ÿà§«∫‰´‡≈π¡’‡ª§µ√“∑’Ë·µ°µà“ß®“°°≈ÿà¡§«∫§ÿ¡Õ¬à“ß™—¥‡®π ´÷Ëß‡≈¢§≈◊Ëππ’È·¥ß∂÷ßÀ¡Ÿàøíß°å™—π«à“‡¥◊Õ¬°≈ÿà¡∑““√§Ÿà§«∫‰´

πÕ≈§“√å∫Õπ‘≈∑’Ë‡æ‘Ë¡¢÷Èπ„π‡¥◊Õ¬°≈ÿà¡∑““√§Ÿà§«∫‰´‡≈π  
Figure 6 Illustration of FTIR spectra of the post specimens of the control and the silane coupling agent Figure 6 Illustration of FTIR spectra of the post specimens of the control and the silane coupling agent Figure 6

surface treated group showed that there was a significant difference of the spectra between the 

silane surface treated group and the control group at the 1732.1 cm-1 wavenumber. The result 

indicated that carbonyl functional group was increased in the silane coupling agent surface 

treated group.  

√Ÿª∑’Ë 7 ·¥ß‡ª§µ√“ ‡Õø ∑’ ‰Õ Õ“√å¢Õß‡¥◊Õ¬°≈ÿà¡§«∫§ÿ¡°—∫°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°ä“´√Ÿª∑’Ë 7 ·¥ß‡ª§µ√“ ‡Õø ∑’ ‰Õ Õ“√å¢Õß‡¥◊Õ¬°≈ÿà¡§«∫§ÿ¡°—∫°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°ä“´√Ÿª∑’Ë 7

Œ’‡≈’¬¡ (air+He) ∑’Ë‡≈¢§≈◊Ëπª√–¡“≥ 1732.1 cm-1 æ∫«à“‡¥◊Õ¬°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»

º¡°ä“´Œ’‡≈’¬¡¡’‡ª§µ√“∑’Ë·µ°µà“ß®“°°≈ÿà¡§«∫§ÿ¡‡≈Á°πâÕ¬ ÷́Ëß‡≈¢§≈◊Ëππ’È·¥ß∂÷ßÀ¡Ÿàøíß°å™—ππÕ≈§“√å∫Õπ‘≈ ∑’Ë‡æ‘Ë¡¢÷Èπ

‡æ’¬ß‡≈Á°πâÕ¬„π‡¥◊Õ¬°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°ä“´Œ’‡≈’¬¡ 
Figure 7 Illustration of FTIR spectra of the post specimens of the control and the plasma jet of the 

mixture of air and helium gas treatment group (air+He) showed that there was a slightly 

difference of the spectra between the plasma jet of the mixture of air and helium gas treatment 

group and the control group at the 1732.1 cm-1 wavenumber. The result indicated that carbonyl 

functional group was slightly increased in the plasma jet of the mixture of air and helium gas 

treatment group.  
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√Ÿª∑’Ë 8 ·¥ß‡ª§µ√“ ‡Õø ∑’ ‰Õ Õ“√å¢Õß‡¥◊Õ¬°≈ÿà¡§«∫§ÿ¡°—∫°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°ä“´√Ÿª∑’Ë 8 ·¥ß‡ª§µ√“ ‡Õø ∑’ ‰Õ Õ“√å¢Õß‡¥◊Õ¬°≈ÿà¡§«∫§ÿ¡°—∫°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°ä“´√Ÿª∑’Ë 8

Õ“√å°Õπ (air+Ar) ∑’Ë‡≈¢§≈◊Ëπª√–¡“≥ 1732.1 cm-1 ‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß™—¥‡®π¢Õß‡ª§µ√“√–À«à“ß‡¥◊Õ¬°≈ÿà¡

∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°ä“´Õ“√å°Õπ°—∫°≈ÿà¡§«∫§ÿ¡ ·¥ß«à“‰¡à¡’°“√‡æ‘Ë¡¢÷Èπ¢ÕßÀ¡Ÿà

øíß°å™—ππÕ≈§“√å∫Õπ‘≈„π‡¥◊Õ¬°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°ä“´Õ“√å°Õπ 
Figure 8 Illustration of FTIR spectra of the post specimens of the control and the plasma jet of the 

mixture of air and argon gas treatment group (air+Ar) showed that there was no significant mixture of air and argon gas treatment group (air+Ar) showed that there was no significant mixture of air and argon gas treatment group (

difference of the spectra between the plasma jet of the mixture of air and argon gas treatment 

group and the control group at the 1732.1 cm-1 wavenumber. The result indicated that carbonyl 

functional group was not increased in the plasma jet of the mixture of air and argon gas 

treatment group.  

√Ÿª∑’Ë 9 ·¥ß‡ª§µ√“ ‡Õø ∑’ ‰Õ Õ“√å¢Õß‡¥◊Õ¬°≈ÿà¡§«∫§ÿ¡°—∫°≈ÿà¡∑¥≈Õß∑ÿ°°≈ÿà¡ ∑’Ë‡≈¢§≈◊Ëπª√–¡“≥ 1732.1 √Ÿª∑’Ë 9 ·¥ß‡ª§µ√“ ‡Õø ∑’ ‰Õ Õ“√å¢Õß‡¥◊Õ¬°≈ÿà¡§«∫§ÿ¡°—∫°≈ÿà¡∑¥≈Õß∑ÿ°°≈ÿà¡ ∑’Ë‡≈¢§≈◊Ëπª√–¡“≥ 1732.1 √Ÿª∑’Ë 9 cm-1 æ∫«à“

‡¥◊Õ¬°≈ÿà¡∑““√§Ÿà§«∫‰´‡≈π¡’À¡Ÿàøíß°å™—ππÕ≈§“√å∫Õπ‘≈∑’Ë‡æ‘Ë¡¢÷ÈπÕ¬à“ß™—¥‡®π ‡¥◊Õ¬°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑

æ≈“¡“¢ÕßÕ“°“»º¡°ä“´Œ’‡≈’¬¡¡’À¡Ÿàøíß°å™—ππÕ≈§“√å∫Õπ‘≈∑’Ë‡æ‘Ë¡‡≈Á°πâÕ¬ „π¢≥–∑’Ë‡¥◊Õ¬°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«

¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°ä“´Õ“√å°Õπ‰¡à¡’°“√‡æ‘Ë¡¢÷Èπ¢ÕßÀ¡Ÿàøíß°å™—ππÕ≈§“√å∫Õπ‘≈‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ 
Figure 9 Illustration of FTIR spectra of the post specimens of all tested groups. When compared to the 

control group, an increase of carbonyl functional group was significantly found in the silane 

coupling agent treated surface group, followed by the plasma jet of the mixture of air and 

helium gas treatment group. No carbonyl functional group was found in the plasma jet of the 

mixture of air and argon gas treatment group. 
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¢Õß‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«

¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°ä“´Œ’‡≈’¬¡ ·≈–‡®Á∑

æ≈“¡“¢ÕßÕ“°“»º¡°ä“´Õ“√å°Õπ‰¡à·µ°µà“ß®“°

°≈ÿà¡§«∫§ÿ¡ 

«‘®“√≥åº≈°“√∑¥≈Õß 
 ®“°º≈°“√∑¥≈Õßæ∫«à“°”≈—ß¥÷ß‡©◊Õπ¢Õß‡¥◊Õ¬

°≈ÿà¡∑’Ë∑““√§Ÿà§«∫‰´‡≈π¡’§à“Ÿßÿ¥ (19.59 MPa) ·µà

‰¡àµà“ß®“°°≈ÿà¡§«∫§ÿ¡ (19.10 MPa) Õ¬à“ß¡’π—¬”§—≠ 

®“°°“√„™â°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥àÕß°√“¥„π

°“√∑¥≈Õß§√—Èßπ’Èæ∫°“√‡º¬æ÷Ëß¢Õß‡âπ„¬·°â«∫“ßà«π

∫πæ◊Èπº‘«¢Õß‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬„π°≈ÿà¡§«∫§ÿ¡ 

(√Ÿª∑’Ë 10a) ´÷Ëß“¡“√∂∑”ªØ‘°‘√‘¬“°—∫“√§Ÿà§«∫‰´‡≈π‰¥â 

‚¥¬“√§Ÿà§«∫‰´‡≈π∑’Ë„™â„π°“√∑¥≈Õßπ’È‰¥â·°à  “√‡¡∑“-

§√‘≈Õ°´‘≈‚ª√ªî≈‰µ√‡¡∑Õ°´’‰´‡≈π (3-methacryloxyl-

propyltrimethoxysilane) (MPS) ´÷Ëß°≈ÿà¡‡¡∑Õ°´’ 

(methoxy groups) (-Si-OCH
3
) ¢Õß MPS “¡“√∂

‡ª≈’Ë¬π‡ªìπ°≈ÿà¡Õ—πµ√°√‘¬“‰´≈“πÕ≈ (reactive silanol 

groups) (≡Si-OH) ¿“¬„µâªØ‘°‘√‘¬“‰Œ‚¥√‰≈´‘ 

(hydrolysis reaction) „π¢≥–∑’Ë¡’°“√°√–µÿâπ“√π’È

√–À«à“ß°“√‡µ√’¬¡∑’Ë§à“§«“¡‡ªìπ°√¥-¥à“ß (pH) ‡∑à“°—∫ 

4-5 (√Ÿª∑’Ë 12) ·≈–À¡Ÿà‰´≈“πÕ≈π’È∑”ªØ‘°‘√‘¬“°—∫ÕÕ°‰´¥å

¢Õß´‘≈‘°“„π‡âπ„¬·°â« „π¢≥–∑’ËÀ¡ŸàÕÕ√å·°‚πøíß°å™—π-

πÕ≈ (organofunctional group) ¢Õß“√§Ÿà§«∫‰´‡≈π

∑”ªØ‘°‘√‘¬“°—∫¡ÕπÕ‡¡Õ√å¢Õß§Õ¡‚æ‘µ·°πøíπ™π‘¥

‡À≈«¡—≈µ‘§Õ√å‚ø≈√å (-COO-, -CH
3
) ‡°‘¥æ—π∏–∑“ß 

‡§¡’¢÷Èπ ·≈–º≈®“°°“√»÷°…“¥â«¬‡§√◊ËÕßøÕ√å‡√’¬∑√“π- 

øÕ√å¡Õ‘πø√“‡√¥‡ª§‚µ√‚§ªï¢Õß‡¥◊Õ¬∑’Ë‰¥â∑““√§Ÿà

§«∫‰´‡≈π∑’Ë‡≈¢§≈◊Ëπª√–¡“≥ 1732.1 cm-1 æ∫«à“¡’À¡Ÿà

øíß°å™—ππÕ≈§“√å∫Õπ‘≈ (C=O) ‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡

§«∫§ÿ¡ (√Ÿª∑’Ë 6) ´÷ËßÀ¡Ÿà¥—ß°≈à“«‡ªìπà«πÀπ÷Ëß¢ÕßÀ¡ŸàÕÕ√å

·°‚πøíß°å™—ππÕ≈¢Õß“√§Ÿà§«∫‰´‡≈π 

 ®“°°“√»÷°…“æ◊Èπº‘«¢Õß‡¥◊Õ¬∑’Ë∑“¥â«¬“√§Ÿà§«∫ 

‰´‡≈π¿“¬À≈—ß®“°¥÷ß§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈«¡—≈µ‘

§Õ√å‚ø≈«åÕÕ° æ∫«à“ §«“¡≈â¡‡À≈«¢Õß°“√¬÷¥µ‘¥‡ªìπ

™π‘¥º¡ (mixed failure mode) (√Ÿª∑’Ë 11b) §◊Õ¡’æÕ≈‘-

‡¡Õ√å∫“ßà«π∫√‘‡«≥æ◊Èπº‘«‡¥◊Õ¬·≈–‡âπ„¬·°â«∫“ßà«π

¢Õß‡¥◊Õ¬∑’ ËÀ≈ÿ¥ÕÕ°‰ªæ√âÕ¡§Õ¡‚æ‘µ·°πøíπ™π‘¥

b 

√Ÿª∑’Ë 10 ¿“æ∂à“¬¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥ √Ÿª∑’Ë 10 ¿“æ∂à“¬¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥ √Ÿª∑’Ë 10

àÕß°√“¥∑’Ë°”≈—ß¢¬“¬ 400 ‡∑à“ (a) æ◊Èπº‘«‡¥◊Õ¬

§Õ¡‚æ‘µ‡√‘¡‡âπ„¬°≈ÿà¡§«∫§ÿ¡ (b) æ◊Èπº‘«

‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬∑’Ë∑“¥â«¬“√§Ÿà§«∫‰´

‡≈π (c) æ◊Èπº‘«‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬∑’Ëºà“π

°“√ª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»

º¡°ä“´Œ’‡≈’¬¡ (d) æ◊Èπº‘«‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡

‡âπ„¬∑’Ëºà“π°“√ª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“

¢ÕßÕ“°“»º¡°ä“´Õ“√å°Õπ  
Figure 10 SEM images at 400-X magnification of 

the surface of the fiber-reinforced 

composite posts with different surface 

treatments (a) control group (b) silane 

coupling agent surface treated group (c) 

plasma jet of the mixture of air and 

helium gas surface treated group (d) 

plasma jet of the mixture of air and 

argon gas surface treated group. 

a 

d c 

‡À≈«¡—≈µ‘§Õ√å‚ø≈«å ´÷Ëß§à“°”≈—ß¥÷ß‡©◊Õπ∑’ËŸß∑’Ëÿ¥„π°≈ÿà¡

π’È‡°‘¥®“°°“√‡°‘¥æ—π∏–‡§¡’√–À«à“ßº‘«æÕ≈‘‡¡Õ√å∑’Ë‡º¬

‡âπ„¬·°â«°—∫“√§Ÿà§«∫‰´‡≈π·≈–§«“¡¢√ÿ¢√–¢Õßæ◊Èπ

º‘«æÕ≈‘‡¡Õ√å ∑”„Àâ‡°‘¥°“√¬÷¥µ‘¥‡™‘ß°≈√–À«à“ßæÕ≈‘-

‡¡Õ√å°—∫§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈«¡—≈µ‘§Õ√å‚ø≈«å‰¥â¥’ 

·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥‡âπ„¬·°â«∑’ËÀ≈ÿ¥¿“¬À≈—ß

¥÷ß§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈«¡—≈µ‘§Õ√å‚ø≈«åÕÕ°

√–À«à“ß‡¥◊Õ¬„π°≈ÿà¡∑’Ëºà“π°“√∑““√§Ÿà§«∫‰´‡≈π°—∫

°≈ÿà¡§«∫§ÿ¡ (√Ÿª∑’Ë 11b °—∫ 11a) æ∫«à“ ‡¥◊Õ¬∑’Ë∑““√§Ÿà
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√Ÿª∑’Ë 11 ¿“æ∂à“¬¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥àÕß

°√“¥∑’Ë°”≈—ß¢¬“¬ 400 ‡∑à“ ¢Õßæ◊Èπº‘«‡¥◊Õ¬§Õ¡

‚æ‘µ‡√‘¡‡âπ„¬¿“¬À≈—ß®“°¥÷ß§Õ¡‚æ‘µ·°π

øíπ™π‘¥‡À≈«¡—≈µ‘§Õ√å‚ø≈«å (a) æ◊Èπº‘«‡¥◊Õ¬

§Õ¡‚æ‘µ‡√‘¡‡âπ„¬°≈ÿà¡§«∫§ÿ¡ (b) æ◊Èπº‘«

‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬∑’Ë∑“¥â«¬“√§Ÿà§«∫‰´

‡≈π (c) æ◊Èπº‘«‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬∑’Ëºà“π

°“√ª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“»

º¡°ä“´Œ’‡≈’¬¡ (d) æ◊Èπº‘«‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡

‡ âπ„¬∑ ’ Ëº à“π°“√ª√ —∫¿“ææ◊ Èπº ‘«¥ â«¬‡® Á∑

æ≈“¡“¢ÕßÕ“°“»º¡°ä“´Õ“√å°Õπ  
Figure 11 SEM images at 400-X magnification of 

the fiber-reinforced composite posts 

with different surface treatments 

following the MultiCore Flow® pull-out ® pull-out ®

(a) control group (b) silane coupling 

agent surface treated group (c) plasma 

jet of the mixture of air and helium gas 

surface treated group (d) plasma jet of 

the mixture of air and argon gas surface 

treated group. 

b a 

d c 

√Ÿª∑’Ë 12 ·¥ßªØ‘°‘√‘¬“¢Õß“√§Ÿ à§«∫‰´‡≈π√–À«à“ß∂Ÿ°√Ÿª∑’Ë 12 ·¥ßªØ‘°‘√‘¬“¢Õß“√§Ÿ à§«∫‰´‡≈π√–À«à“ß∂Ÿ°√Ÿª∑’Ë 12

°√–µÿ âπ„π“√≈–≈“¬¢ÕßπÈ”·≈–°√¥Õ–´‘µ ‘° 

(acetic acid) ∑’Ë§à“§«“¡‡ªìπ°√¥-¥à“ß‡∑à“°—∫ 4 

(pH = 4) ‚¥¬°≈ÿà¡‡¡∑Õ°´’∂Ÿ°‡ª≈’Ë¬π‡ªìπ°≈ÿà¡

Õ—πµ√°√‘¬“‰´≈“πÕ≈ (¥—¥·ª≈ß¡“®“° Matin-

linna et al.(12)) (12)) (12)

Figure 12 Illustration of silane reactions during 

activation in water mixed with acetic 

acid solution at pH 4 with its methoxy 

groups turns to reactive silanol. 

(Modified from Matinlinna et al.(12))  (12))  (12)

§«∫‰´‡≈π¡’°“√À≈ÿ¥¢Õß‡âπ„¬·°â«∑’Ë¡“°°«à“ ´÷Ëß‡ªìπ‰ª

‰¥â«à““√§Ÿ à§«∫‰´‡≈π∑”ªØ‘°‘√‘¬“°—∫‡âπ„¬·°â«¥—ß∑’ Ë

°≈à“«¡“¢â“ßµâπ Õ¬à“ß‰√°Á¥’°”≈—ß¥÷ß‡©◊Õπ°Á‰¡à‰¥â‡æ‘Ë¡¢÷Èπ

Õ¬à“ß¡’π—¬”§—≠ Õ“®‡π◊ËÕß®“°ª√‘¡“≥‡âπ„¬·°â«∑’Ë‡º¬

æ÷Ëß∑’Ëº‘«‡¥◊Õ¬¡’®”π«ππâÕ¬ À√◊Õ‡°‘¥®“°“√§Ÿà§«∫‰´‡≈π

∑’Ë∑“∫πæ◊Èπº‘«‡¥◊Õ¬¡’§«“¡Àπ“¡“°°«à“Àπ÷Ëß™—Èπ ®“°°“√

»÷°…“¢Õß Debnath ·≈–§≥–(28) æ∫«à““√§Ÿà§«∫‰´‡≈π

∑’Ë¡’§«“¡Àπ“¡“°°«à“Àπ÷Ëß™—Èπ ®–∑”„Àâª√–‘∑∏‘¿“æ°“√

¬÷¥µ‘¥≈¥≈ß‡π◊ËÕß®“°®”π«π‡¡∑“§√‘‡≈µÕ‘√–¡’°“√≈¥

≈ß®÷ß‡°‘¥§«“¡≈â¡‡À≈«™π‘¥‚§Œ’´’æ„πµ—«“√§Ÿ à§«∫ 

‰´‡≈π‡Õß 

”À√—∫°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“π—Èπ 

„π°“√∑¥≈Õßπ’ È‡≈◊Õ°„™âÕ“°“»‡ªìπ°ä“´∑”ªØ‘°‘√ ‘¬“

‡π◊ËÕß®“°„πÕ“°“»¡’°ä“´‰π‰µ√‡®π®”π«π¡“° °√≥’∑’Ë

“¡“√∂‰ÕÕÕπ‰π´å°ä“´‰π‚µ√‡®π„πÕ“°“»„Àâ‡°‘¥‡ªìπ

æ≈“¡“‰¥â ®–™à«¬ª√—∫ª√ÿß°“√¬÷¥µ‘¥¢Õßº‘«æÕ≈‘‡¡Õ√å

‰¥â¥’¢÷Èπ ®“°°“√»÷°…“¢Õß Lommatzsch ·≈–§≥–(29)

æ∫«à“æ≈“¡“¢Õß°ä“´‰π‚µ√‡®π™à«¬‡æ‘Ë¡§«“¡µ÷ßº‘« 

(surface tension) ·≈–‡æ‘Ë¡À¡Ÿàøíß°å™—ππÕ≈¢ÕßÕÕ°´‘‡®π

·≈–‰π‚µ√‡®π∑’Ëæ◊ Èπº‘«æÕ≈‘‡¡Õ√å ´÷ Ëß‰π‚µ√‡®πªï´’¬å 

(nitrogen species) ‡À≈à“π—Èπ‰¥â·°à  NH
2
 ·≈–‰π‰µ√¥å 

(nitrile) ´÷ËßÀ¡Ÿàøíß°å™—ππÕ≈‡À≈à“π’È“¡“√∂∑”ªØ‘°‘√‘¬“

°—∫·¢π§“√å∫Õπ (-C-) ∑’Ë‡°‘¥¢÷Èπ∫πæ◊Èπº‘«‡¥◊Õ¬∑’Ë∂Ÿ°

æ≈“¡“∑”ªØ‘°‘√‘¬“∑”„Àâæ◊Èπº‘«‡¥◊Õ¬‡°‘¥ªØ‘°‘√‘¬“°“√

·µ°·¢π§“√å∫ÕπÕ’°§√—Èß ·≈–‡°‘¥°“√‡™◊ËÕ¡°—∫À¡Ÿàøíß°å™—π

πÕ≈„π§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈«¡—≈µ‘§Õ√å‚ø≈«å∑”„Àâ

°“√¬÷¥µ‘¥¥’¢÷Èπ µ≈Õ¥®π‡®Á∑æ≈“¡“¢ÕßÕ“°“»¬—ß™à«¬

‡Àπ’Ë¬«π”„Àâ‡°‘¥ Õ–µÕ¡Õ—πµ√°√‘¬“¢ÕßÕÕ° ‘́‡®π (reactive

oxygen atom) ´÷Ëß¡’§ÿ≥¡∫—µ‘‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√¡’¢—È« 

(polarity) ¢Õßº‘«æÕ≈‘‡¡Õ√å ·≈–∑”„Àâ§ÿ≥¡∫—µ‘°“√
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‡ªï¬°πÈ”∫πæ◊Èπº‘«¥’¢÷Èπ(18) ·≈–¬—ß™à«¬°—¥°√àÕπ (etching)

æ◊Èπº‘«æÕ≈‘‡¡Õ√å‰¥â πÕ°®“°π’È°“√„™âÕ“°“»¬—ß™à«¬≈¥§à“

„™â®à“¬‡¡◊ËÕ‡∑’¬∫°—∫°“√„™â·°äŒ’‡≈’¬¡À√◊ÕÕ“√å°Õπ‡¥’Ë¬«Ê(30)

√«¡∑—Èß‡®Á∑æ≈“¡“¢ÕßÕ“°“»“¡“√∂‡Àπ’Ë¬«π”„Àâ‡°‘¥

°≈ÿà¡Õπÿ¡Ÿ≈∫πæ◊Èπº‘«æÕ≈‘‡¡Õ√å‚¥¬°“√µ—¥“¬æÕ≈‘‡¡Õ√å

À√◊Õ®“°°“√¥÷ß‰Œ‚¥√‡®πÕÕ°‰ª (hydrogen abstrac-

tion)(31) „π°“√∑¥≈Õßπ’È‡¡◊ËÕ»÷°…“À¡Ÿàøíß°å™—ππÕ≈∑’Ëæ◊Èπ

º‘«‡¥◊Õ¬¥â«¬‡§√◊ËÕßøÕ√å‡√’¬∑√“πøÕ√å¡Õ‘πø√“‡√¥‡ª§

‚µ√‚§ªïæ∫«à“‡¥◊Õ¬∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“

¢ÕßÕ“°“»º¡°ä“´Œ’‡≈’¬¡¡’À¡Ÿàøíß°å™—ππÕ≈§“√å∫Õπ‘≈

‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ (√Ÿª∑’Ë 7) Õ¥ 

§≈âÕß°—∫°“√»÷°…“¢Õß Boeing(32) ∑’Ëæ∫«à“‡®Á∑æ≈“¡“

¢Õß°ä“´‡©◊ËÕ¬‚¥¬‡©æ“–Œ’‡≈’¬¡¡—°°àÕ„Àâ‡°‘¥Õπÿ¡Ÿ≈Õ‘√–

®“°°“√√–¥¡¬‘ß¢Õß‰ÕÕÕπ·≈–®“°°“√·ºà√—ß’Õ—≈µ√“-

‰«‰Õ‡≈µ ·µà„π°“√∑¥≈Õßπ’È°≈—∫‰¡àæ∫À¡Ÿàøíß°å™—ππÕ≈

¢Õß‰π‚µ√‡®πµ“¡∑’Ë§“¥‰«â ‡ªìπ‰ª‰¥â«à“Õπÿ¡Ÿ≈À√◊Õ‚¡‡≈°ÿ≈

¢Õß‰π‚µ√‡®π∑’ËÕ¬Ÿà„π¿“«–°√–µÿâπ∑”ªØ‘°‘√‘¬“°—∫°ä“´

ÕÕ°´‘‡®π„πÕ“°“»∑—π∑’À√◊ÕÀ≈—ß®“°°“√ª√—∫¿“ææ◊Èπ

º‘« ·≈–¡’°“√·∑π∑’Ë°≈ÿà¡‰Õ¡“¬πå (imine group) ¥â«¬

ÕÕ° ‘́‡®π®“°°“√‰Œ‚¥√‰≈ ‘́¢ÕßπÈ”„π∫√√¬“°“»(29) Õ¥

§≈âÕß°—∫°“√»÷°…“¢Õß Grace ·≈– Gerenser(20) ∑’Ëæ∫

«à“æÕ≈‘‡Õ∑∑‘≈≈‘π∑’Ëºà“π°“√ª√—∫¿“ææ◊Èπº‘«¥â«¬æ≈“¡“

¢Õß°ä“´‰π‚µ√‡®π‡¡◊ËÕ—¡º—°—∫Õ“°“»®–¥Ÿ¥ÕÕ°´‘‡®π

·≈–§“√å∫Õπ ·µà¡’°“√Ÿ≠‡’¬‰π‚µ√‡®π∑’Ë‡Àπ’Ë¬«π”¥â«¬

æ≈“¡“∂÷ß 40 ‡ªÕ√å‡´Áπµå ¥—ßπ—ÈπÀ¡Ÿàøíß°å™—ππÕ≈-

§“√å∫Õπ‘≈πà“®–‡ªìπ°≈ÿà¡À≈—°„π°“√∑”ªØ‘°‘√‘¬“°—∫À¡Ÿà

ø íß°å™ —ππÕ≈¢Õß§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈«¡—≈µ‘-

§Õ√å‚ø≈«å ´÷Ëßæ—π∏–∑’Ë‡°‘¥¢÷Èπ¡—°‰¥â·°àæ—π∏–‰Œ‚¥√‡®π∑’Ë¡’

æ≈—ßß“πµË” ·¡â«à“À¡Ÿàøíß°å™—ππÕ≈§“√å∫Õπ‘≈∑’Ë‡°‘¥¢÷Èπ

∑”„Àâº‘«æÕ≈‘‡¡Õ√å¡’§«“¡™Õ∫πÈ”‡æ‘ Ë¡¢÷ Èπ·µà‰¡àæ∫«à“

°”≈—ß¥÷ß‡©◊Õπ¢Õß‡¥◊Õ¬°≈ÿà¡π’È¥’°«à“°≈ÿà¡Õ◊ËπÕ¬à“ß¡’π—¬

”§—≠ Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Lommatzsch ·≈– 

§≥–(29) ∑’Ë°≈à“««à“°“√‰À≈·ºà∑’Ë‡æ‘Ë¡¢÷Èπ‰¡à‰¥â—¡æ—π∏å°—∫

·√ß¬÷¥µ‘¥∑’Ë‡°‘¥¢÷Èπ ·¡â«à“‡®Á∑æ≈“¡“¢ÕßÕ“°“»®–

ª√–°Õ∫¥â«¬æ≈“¡“¢Õß°ä“´ÕÕ°´‘‡®π∑”„Àâ‡°‘¥§«“¡

¢√ÿ¢√–∑’Ëº‘«¢ÕßæÕ≈‘‡¡Õ√å(15,33)¢√ÿ¢√–∑’Ëº‘«¢ÕßæÕ≈‘‡¡Õ√å(15,33)¢√ÿ¢√–∑’Ëº‘«¢ÕßæÕ≈‘‡¡Õ√å  ´÷Ëß∑”„Àâ°“√¬÷¥µ‘¥‡™‘ß°≈¥’

¢÷Èπ ·µà°“√∑¥≈Õßπ’È°≈—∫‰¡àæ∫«à“§«“¡¢√ÿ¢√–¢Õßæ◊Èπº‘«

‡¥◊Õ¬„π°≈ÿà¡π’È‡æ‘Ë¡¢÷Èπ ·≈–≈—°…≥–∑“ß°“¬¿“æ¢Õßæ◊Èπ

º‘«°Á‰¡à‰¥â·µ°µà“ß‰ª®“°°≈ÿà¡§«∫§ÿ¡ (√Ÿª∑’Ë 10c °—∫ 10a) 

Õ“®‡ªìπ‰ª‰¥â«à“ª√‘¡“≥ÕÕ°´‘‡®π∑’Ë∂Ÿ°‰ÕÕÕπ‰π´å‡ªìπ

æ≈“¡“¡’πâÕ¬‡°‘π‰ª 

 „π∑“ßµ√ß°—π¢â“¡‡¥◊Õ¬°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬

‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°—∫°ä“´Õ“√å°Õπ°≈—∫‰¡àæ∫

À¡Ÿàøíß°å™—ππÕ≈§“√å∫Õπ‘≈·µàæ∫«à“°”≈—ß¥÷ß‡©◊Õπ¢Õß

‡¥◊Õ¬„π°≈ÿà¡π’È¡’§à“¡“°°«à“°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬

‡®Á∑æ≈“¡“¢ÕßÕ“°“»º¡°ä“´Œ’‡≈’¬¡·µà°Á‰¡àµà“ß°—π

Õ¬à“ß¡’π—¬”§—≠ ∑—ÈßÊ ∑’ËÀ¡Ÿàøíß°å™—ππÕ≈§“√å∫Õπ‘≈¢ÕßÕ¬à“ß¡’π—¬”§—≠ ∑—ÈßÊ ∑’ËÀ¡Ÿàøíß°å™—ππÕ≈§“√å∫Õπ‘≈¢ÕßÕ¬à“ß¡’π—¬”§—≠ ∑—ÈßÊ ∑’ËÀ¡Ÿ

‡¥◊Õ¬°≈ÿà¡π’È‰¡à‰¥â‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ (√Ÿª∑’Ë 

8) ·≈–‡¡◊ËÕ‡∑’¬∫°—∫∑ÿ°°≈ÿà¡ª√“°Ø«à“À¡Ÿàøíß°å™—ππÕ≈-

§“√å∫Õπ‘≈¢Õß°≈ÿà¡π’È¡’πâÕ¬∑’Ëÿ¥ (√Ÿª∑’Ë 9) ∑”„Àâ¬◊π¬—π‰¥â

«à“À¡Ÿàøíß°å™—ππÕ≈§“√å∫Õπ‘≈∑’Ëµ√«®æ∫∫πº‘«‡¥◊Õ¬¡’º≈

πâÕ¬¡“°µàÕ°”≈—ß¥÷ß‡©◊Õπ∑’Ë‡°‘¥¢÷Èπ ‚¥¬∑—Ë«‰ª·≈â«æ≈“¡“

¢Õß°ä“´Õ“√å°Õππ‘¬¡„™â∑”§«“¡–Õ“¥æ◊ Èπº‘«·≈–

ª√—∫ª√ÿß§ÿ≥¡∫—µ‘‡°’Ë¬«°—∫°“√¬÷¥µ‘¥¢ÕßæÕ≈‘‡¡Õ√å¢Õß

“√°÷Ëßµ—«π” (semiconductor) ∑’Ë„™â„π«ß°“√Õÿµ“À-

°√√¡ ‡π◊ËÕß®“°æ≈“¡“¢Õß°ä“´‡©◊ËÕ¬“¡“√∂∑”Àπâ“∑’Ë

§≈â“¬“√≈–≈“¬ (diluent) À√◊Õ ∑”„Àâ‡°‘¥°“√‰¢«â“¬

æÕ≈‘‡¡Õ√å (crosslink) ‰¥â(34) ®÷ß™à«¬„Àâ°“√¬÷¥µ‘¥¥’¢÷Èπ 

·µà„π°“√∑¥≈Õßπ’È‡®Á∑æ≈“¡“¢Õß°ä“´Õ“√å°Õπ°≈—∫‰¡à

„Àâº≈µ“¡∑’Ë°≈à“«¡“ “‡ÀµÿÕ“®‡π◊ËÕß®“°‡«≈“∑’Ë„™â„π

°“√ª√—∫¿“ææ◊Èπº‘«π“π‡°‘π‰ª æ≈—ßß“π∑’Ë„ÀâµàÕ‡π◊ËÕßŸà

√–∫∫°àÕ„Àâ‡°‘¥°“√µ—¥“¬æÕ≈‘‡¡Õ√å (chain scission)

‡æ‘Ë¡¢÷Èπ ·≈–“√∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈µË”¡’°“√·æ√à°√–®“¬ 

¡“Ÿàæ◊Èπº‘«¡“°¢÷Èπ ‚¥¬ª°µ‘“¬æÕ≈‘‡¡Õ√å‡ª√’¬∫‡¡◊Õπ 

‡ªìπ·°πª∞¡¿Ÿ¡‘ (primary nucleus) ”À√—∫°“√‡°“–

‡°’Ë¬«√–À«à“ß¡ÕπÕ‡¡Õ√å ¡’§ÿ≥¡∫—µ‘À≈Õ¡≈–≈“¬ 

(dissolve) ·≈â«√â“ß¢÷Èπ¡“„À¡à (reform) ·µà„π°√≥’∑’Ë

“¬æÕ≈‘‡¡Õ√åµ—¥—Èπ‡°‘π‰ª ®–‡°‘¥‡©æ“–°“√À≈Õ¡ 

≈–≈“¬Õ¬à“ß‡¥’¬«(35) ª√–°Õ∫°—∫¡’°“√·æ√à°√–®“¬¢Õß

Õπÿ¡Ÿ≈Õ‘√–∑’ ËÕ¬Ÿ à∫√‘‡«≥æ◊ Èπº‘«‰ªŸ à¥â“π„π¢ÕßæÕ≈‘-

‡¡Õ√å(18)‡¡Õ√å(18)‡¡Õ√å  ª√“°Ø°“√≥å‡À≈à“π’È‡ªìπ“‡Àµÿ„Àâ‡°‘¥°“√‡◊ËÕ¡ ª√“°Ø°“√≥å‡À≈à“π’È‡ªìπ“‡Àµÿ„Àâ‡°‘¥°“√‡◊ËÕ¡ ª√“°Ø°“√≥å‡À≈à“π

¿“æ (aging) ¢Õßº‘«æÕ≈‘‡¡Õ√å ∑”„Àâ°“√‰¢«â“¬æÕ≈‘-

‡¡Õ√å√–À«à“ßÀ¡Ÿàøíß°å™—ππÕ≈∑’Ëº‘«æÕ≈‘‡¡Õ√å°—∫À¡Ÿàøíß°å™—π

πÕ≈„π¡ÕπÕ‡¡Õ√å¢Õß§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈«¡—≈µ‘

§Õ√å‚ø≈«å≈¥≈ß °“√»÷°…“π’ÈÕ¥§≈âÕß°—∫°“√∑¥≈Õß

¢Õß Rusu ·≈–§≥–(35) ∑’Ë„™âæ≈“¡“¢Õß°ä“´Õ“√å°Õπ 
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ª√—∫¿“ææ◊Èπº‘«æÕ≈‘‡Õ∑∑‘≈≈‘π‡∑‡√ø∑“‡≈µ ·≈–æ∫

«à“°“√ª√—∫¿“ææ◊Èπº‘«æÕ≈‘‡¡Õ√å¥â«¬æ≈“¡“∑’Ëæ≈—ßß“π

√–¥—∫µË” (mild plasma treatment) ∑—Èß„π·ßà°”≈—ß ∑—Èß„π·ßà°”≈—ß ∑—

§≈◊Ëπ«‘∑¬ÿ §«“¡¥—π°ä“´ ·≈–√–¬–‡«≈“„π°“√ª√—∫¿“æ

æ◊Èπº‘« ∑”„Àâ¡’°“√ÕÕ°´‘‡¥™—π (oxidation) ∑’Ëº‘«Õ¬à“ß

‡À¡“–¡ ·µà‡¡◊ËÕ‡«≈“π“π¢÷Èπ°≈—∫∑”„Àâ‡°‘¥º≈µ√ß°—π

¢â“¡¢Õß°“√ÕÕ°´‘‡¥™—π°àÕ„Àâ‡°‘¥°“√‡◊ËÕ¡¿“æ¢ÕßæÕ

≈‘‡¡Õ√å‰¥â Õ¬à“ß‰√°Áµ“¡æ≈“¡“¢Õß°ä“´Õ“√å°Õπ´÷Ëß

ª√–°Õ∫¥â«¬Õπÿ¿“§∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈Ÿß ‡¡◊ËÕÕπÿ¿“§

·≈–‰ÕÕÕπ∑’Ë¡’æ≈—ßß“π (energetic ion) ‡À≈à“π’È√–¥¡¬‘ß

∑’Ëº‘«æÕ≈‘‡¡Õ√å “¡“√∂°—¥°√àÕπ∫√‘‡«≥º‘«(36) ·≈–‡°‘¥

§«“¡¢√ÿ¢√–¢π“¥‡≈Á°∑’Ëæ◊Èπº‘«´÷Ëß™à«¬°“√¬÷¥µ‘¥‡™‘ß°≈°—∫

§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈«¡—≈µ‘§Õ√å‚ø≈«å‰¥â  

Õ¬à“ß‰√°Á¥’°“√ª√—∫¿“ææ◊Èπº‘«¥â«¬æ≈“¡“π—Èπ 

‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß‡©æ“–º‘«πÕ°ÿ¥Àπ“

‡æ’¬ß 1-10 π“‚π‡¡µ√(21) ´÷Ëß°“√«—¥‡™‘ß—≥∞“π (mor-

phology) ¥â«¬‡§√◊ËÕßæ√Õøî‚≈¡‘‡µÕ√å·≈–°≈âÕß®ÿ≈∑√√»πå

Õ‘‡≈§µ√Õπ™π‘¥àÕß°√“¥‰¡à“¡“√∂‡ÀÁπ°“√‡ª≈’Ë¬π·ª≈ß

∑’Ë·∑â®√‘ß‰¥â Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Riccardi ·≈–

§≥–(31) ∑’Ë°≈à“««à“°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥àÕß

°√“¥‰¡à“¡“√∂∫Õ°§«“¡·µ°µà“ß√–À«à“ßº‘«∑’Ë‰¥â√—∫

°“√ª√—∫·≈–‰¡àª√—∫¿“ææ◊Èπº‘«¥â«¬æ≈“¡“ ‡π◊ËÕß®“° 

°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥àÕß°√“¥¡’¢âÕ®”°—¥‡√◊ËÕß

§«“¡≈÷°¢Õß¡‘µ‘ (depth resolution) ®÷ß∑”„Àâ‰¡à“¡“√∂

µ√«®®—∫—≥∞“π∑’Ë·µ°µà“ßπâÕ¬°«à“Àπà«¬‰¡‚§√‡¡µ√‰¥â 

´÷ËßÀ¡“¬§«“¡«à“ ·¡â§«“¡¢√ÿ¢√–∑’Ë«—¥‰¥â®–‰¡àµà“ß°—π·µà

—≥∞“πÕ“®µà“ß°—π‰¥â ´÷ Ëß¡’º≈µàÕ°“√¬÷¥µ‘¥‡™‘ß°≈‰¥â  

Riccardi ·≈–§≥–(31) ‰¥â·π–π”«à“ ‡§√◊ËÕß¡◊Õ∑’Ë‡À¡“–¡

§◊Õ Õ–µÕ¡¡‘°øÕ√å ‰¡‚§√‚§ªï (atomic force 

microscopy) ¥—ßπ—Èπ„π°“√∑¥≈Õßπ’È §«“¡¢√ÿ¢√–æ◊Èπº‘«

¢Õß‡¥◊Õ¬„π°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“Õ“®

‰¡àÕ¥§≈âÕß°—∫≈—°…≥–∑’Ëª√“°Ø„π¿“æ∂à“¬¥â«¬°≈âÕß 

®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥àÕß°√“¥ ÷́Ëß„™â°”≈—ß¢¬“¬‡æ’¬ß

400 ‡∑à“ ‡ªìπ‰ª‰¥â«à“—≥∞“π¢Õß§«“¡¢√ÿ¢√–∑’Ëµà“ß°—π¡’

º≈µàÕ°”≈—ß¥÷ß‡©◊Õπ ·µàÕ“®‰¡à¡“°æÕ∑’Ë®–∑”„Àâ‡°‘¥

§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬”§—≠ √«¡∑—Èßº≈¢Õß°“√∑¥Õ∫

À¡Ÿàøíß°å™—ππÕ≈∑’Ëº‘«¢ÕßæÕ≈‘‡¡Õ√å∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬

æ≈“¡“‚¥¬°“√„™â‡§√◊ËÕßøÕ√å‡√’¬∑√“πøÕ√å¡Õ‘πø√“-

‡√¥‡ª§‚µ√‚§ªï Õ“®‡ªìπÀ¡Ÿàøíß°å™—ππÕ≈∑’ËÕ¬Ÿà„π™—Èπ∑’Ë

‰¥â√—∫°“√ª√—∫¿“ææ◊Èπº‘«¥â«¬æ≈“¡“√à«¡°—∫™—Èπ∑’Ë≈÷°

°«à“ ‡π◊ËÕß®“°‡§√◊ËÕßøÕ√å‡√’¬∑√“πøÕ√å¡Õ‘πø√“‡√¥

‡ª§‚µ√‚§ªï“¡“√∂µ√«®°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡§¡’„π

√–¥—∫‰¡‚§√‡¡µ√®“°æ◊Èπº‘«(37,38) „π¢≥–∑’Ëæ≈“¡“

∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß√–¥—∫π“‚π‡¡µ√®÷ß∑”„Àâ°“√

·ª≈º≈‡√◊ ËÕßÀ¡Ÿàøíß°å™—ππÕ≈∑’Ëµ√«®æ∫º‘¥æ≈“¥‰¥â´÷ Ëß

‡§√◊ËÕß¡◊Õ∑’Ë‡À¡“–¡„π°“√µ√«®·≈–«—¥°“√‡ª≈’Ë¬π·ª≈ß

∑“ß‡§¡’∑’Ëæ◊Èπº‘«§◊Õ ‡Õ°´‡√¬å‚ø‚µÕ‘‡≈§µ√Õπ ‡ª°‚µ√

‚§ªï (x-ray photoelectron spectroscopy)(20) ¥—ßπ—Èπ„π

°“√∑¥≈Õß§√—ÈßµàÕ‰ª‡°’Ë¬«°—∫°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡§¡’

·≈–∑“ßøî‘°å¢Õßæ◊Èπº‘«æÕ≈‘‡¡Õ√å∑’Ëª√—∫¿“ææ◊Èπº‘«

¥â«¬æ≈“¡“§«√„™â‡§√◊ËÕß¡◊Õ∑’Ë°≈à“«¡“¢â“ßµâπ®÷ß®–‰¥â

º≈∑’Ë™—¥‡®π ®“°º≈°“√∑¥≈Õßπ’È®÷ß¬Õ¡√—∫¡¡ÿµ‘∞“π

«à“ß∑’ Ë« à“°“√ª√—∫¿“ææ◊ Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢Õß

Õ“°“»‰¡à‡æ‘Ë¡ª√–‘∑∏‘¿“æ°“√¬÷¥µ‘¥¢Õß‡¥◊Õ¬§Õ¡‚æ-

‘µ‡√‘¡‡âπ„¬°—∫§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈«¡—≈µ‘-

§Õ√å‚ø≈«å‡¡◊ËÕ‡∑’¬∫°—∫°“√„™â“√§Ÿà§«∫‰´‡≈π 

 Õ¬à“ß‰√°Áµ“¡·¡â«à“°“√„™â‡®Á∑æ≈“¡“ª√—∫¿“æ

æ◊Èπº‘«‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬¡’¢âÕ¥’„π·ßà¢Õß°“√

√—°…“¿“æ·«¥≈âÕ¡‡π◊ËÕß®“°‡ªìπ‡∑§‚π‚≈¬’∑’Ë–Õ“¥ 

·µà‡§√◊ËÕß‡®Á∑æ≈“¡“¡‘‰¥â¡’„™âÕ¬à“ß·æ√àÀ≈“¬ ¡—°„™â‡æ◊ËÕ

°“√«‘®—¬„πÀâÕßªØ‘∫—µ‘°“√∑“ßøî‘°å ·≈–®“°°“√»÷°…“°“√«‘®—¬„πÀâÕßªØ‘∫—µ‘°“√∑“ßøî‘°å ·≈–®“°°“√»÷°…“°“√«‘®—

¢Õß Ye ·≈–§≥–(39) æ∫«à“°”≈—ß¥÷ß√–¥—∫®ÿ≈¿“§ (micro-

tensile bond strength) √–À«à“ß‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡

‡âπ„¬∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“¢ÕßÕ“°“» 

À√◊Õ‡®Á∑æ≈“¡“¢Õß°ä“´Œ’‡≈’¬¡º¡°ä“´ÕÕ°´‘‡®π °—∫ À√◊Õ‡®Á∑æ≈“¡“¢Õß°ä“´Œ’‡≈’¬¡º¡°ä“´ÕÕ°´‘‡®π °—∫ À√◊Õ‡®Á∑æ≈“¡“¢Õß°ä“´Œ’‡≈’¬¡º¡°ä“´ÕÕ°´‘‡®π

‡√´‘π´’‡¡πµå¡’§à“≈¥≈ß‡¡◊ËÕæ◊Èπº‘«‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡

‡âπ„¬—¡º—°—∫Õ“°“»À≈—ß°“√ª√—∫¿“æ¥â«¬‡®Á∑

æ≈“¡“π“π¡“°°«à“À√◊Õ‡∑à“°—∫ 1 ™—Ë«‚¡ß°àÕππ”‰ª¬÷¥

°—∫‡√´‘π´’‡¡πµå ‡π◊ËÕß®“°º≈¢Õß°“√‡◊ËÕ¡¿“æ¢Õßæ◊Èπ

º‘«∑’Ëª√—∫¿“æ¥â«¬‡®Á∑æ≈“¡“ ´÷Ëß°“√µ‘¥µ—Èß‡§√◊ËÕß‡®Á∑

æ≈“¡“„π§≈‘π‘°¬—ß¡’¢âÕ®”°—¥À≈“¬ª√–°“√ ‡™àπ «—¥ÿ 

Õÿª°√≥å∑’ËÀ“‰¥â¬“° √“§“§àÕπ¢â“ßŸß ·≈–‡§√◊ËÕß‡®Á∑

æ≈“¡“¡’¢π“¥„À≠à ®÷ß‡ªìπ‰ª‰¥â¬“°∑’Ë®–¬÷¥§Õ¡‚æ‘µ

·°πøíπ°—∫‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬∑’Ëª√—∫¿“ææ◊Èπº‘«

¥â«¬‡®Á∑æ≈“¡“∑—π∑’À≈—ß°“√ª√—∫¿“æ‡æ◊ËÕ‰¥âª√–‘∑∏‘-

¿“æ°“√¬÷¥µ‘¥Ÿßÿ¥(39) ∑”„Àâ°“√„™â‡®Á∑æ≈“¡“„π§≈‘π‘°
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‡æ◊ËÕª√—∫¿“ææ◊Èπº‘«‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬ À√◊Õæ◊Èπ

º‘«æÕ≈‘‡¡Õ√å∑’Ë„™â∑“ß∑—πµ°√√¡¬—ß‰¡à‰¥â√—∫§«“¡π‘¬¡„π
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¿“¬„µâ¢âÕ®”°—¥¢Õß°“√∑¥≈Õß§√—Èßπ’È “¡“√∂√ÿª

∫∑√ÿª 
¿“¬„µâ¢âÕ®”°—¥¢Õß°“√∑¥≈Õß§√—Èßπ’È “¡“√∂√ÿª

∫∑√ÿª 

º≈‰¥â¥—ßπ’È 

 °“√ª√—∫¿“ææ◊Èπº‘«‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬

¥â«¬°“√„™â“√§Ÿà§«∫‰´‡≈πÀ√◊Õ‡®Á∑æ≈“¡“¢ÕßÕ“°“»
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