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∫∑§—¥¬àÕ 
 °“√ª√—∫¿“æ¥â«¬æ≈“¡“‡ªìπÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß

„π°“√ª√—∫ª√ÿß§ÿ≥¡∫—µ‘°“√¬÷¥µ‘¥¢Õß‡¥◊Õ¬§Õ¡- 

‚æ‘µ‡√‘¡‡âπ„¬ Õ¬à“ß‰√°Áµ“¡ ªí®®—¬‡™‘ß‡∑§π‘§¢Õß

«‘∏’π’ È®”‡ªìπµâÕß‰¥â√—∫§«“¡°√–®à“ß‚¥¬‡©æ“–√–¬–

‡«≈“∑’Ë„™âª√—∫¿“æ «—µ∂ÿª√–ß§å¢Õß°“√»÷°…“§√—Èßπ’È

‡æ◊ËÕª√–‡¡‘π º≈¢Õß√–¬–‡«≈“„π°“√ª√—∫¿“æ¥â«¬

æ≈“¡“µàÕ°“√¬÷¥µ‘¥√–À«à“ß‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡

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

§◊Õ ‡¥◊Õ¬∑’Ë¡’à«πª√–°Õ∫æ◊Èπ∞“π¢Õß‡¡∑√‘°´å‡ªìπ 

‡¡∑“ §√‘‡≈µ (FRC Postec) °—∫∑’Ë¡’à«πª√–°Õ∫æ◊Èπ

∞“π¢Õß‡¡∑√‘°´å‡ªìπ ‡√´‘π Õ‘ªÕ°´’ (DT Light post) 

Abstract  
 Plasma treatment is an alternative way in 

improving bonding properties of fiber-reinforced 

post. However, technical parameters of this 

treatment need to be clarified, especially treat-

ment time. The purpose of this study was to 

evaluate the effect of plasma treatment time on 

adhesion between fiber-reinforced post and a 

flowable composite core. Two types of post, 

methacrylate-based matrix (FRC Postec) and 

epoxy resin-based matrix (DT Light post) were 

treated with the mixture of Helium and Nitrogen 
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∂Ÿ°ª√—∫¿“æ¥â«¬ Œ’‡≈’¬¡º¡°—∫‰π‚µ√‡®πæ≈“¡“ 

(He+N2) ‚¥¬„™â‡§√◊ËÕß°”‡π‘¥§≈◊Ëπ«‘∑¬ÿ „π√–¬–‡«≈“∑’Ë

·µ°µà“ß°—π°àÕππ”¡“¬÷¥µ‘¥°—∫§Õ¡‚æ‘µ™π‘¥‡À≈«∑’Ë

¡’à«πª√–°Õ∫æ◊Èπ∞“π§◊Õ‡¡∑“§√‘‡≈µ ™‘Èπß“π∂Ÿ°∑¥Õ∫ 

¥â«¬°“√¥÷ß‚¥¬„™â‡§√◊ËÕß∑¥Õ∫“°≈ °“√«‘‡§√“–Àå

§«“¡·ª√ª√«π·∫∫®”·π°∑“ß‡¥’¬«™’È„Àâ‡ÀÁπ«à“ ‡«≈“

∑’Ë¡’ª√–‘∑∏‘¿“æ„π°“√ª√—∫¿“æ‡¥◊Õ¬ FRC Postec 

·≈– DT Light §◊Õ 10 ·≈– 15 π“∑’µ“¡≈”¥—∫  

§ÿ≥¡∫—µ‘°“√¬÷¥µ‘¥¢Õß‡¥◊Õ¬∑—ÈßÕß™π‘¥¡’·π«‚πâ¡≈¥

≈ß‡¡◊ËÕ‡«≈“ª√—∫¿“æ¥â«¬æ≈“¡“π“π¢÷Èπ  ¡ÿ¡—¡º—

·Õ¥·«π´‘ß¢ÕßÀ¬¥πÈ”∫πæÕ≈‘‡¡Õ√å∑’Ë¡’à«πª√–°Õ∫

æ◊Èπ∞“π‡ªìπ‡¡∑“§√‘‡≈µ ·≈– Õ‘ªÕ°´’ ‡√´‘π ¡’§à“≈¥≈ß

‡¡◊ËÕ‡«≈“ª√—∫¿“æ¥â«¬æ≈“¡“π“π¢÷Èπ 

 

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

°“√ª√—∫¿“æ¥â«¬æ≈“¡“   ¡ÿ¡—¡º—  

(He+N2) plasma using a radiofrequency gene-

rator with various times before bonding to 

flowable methacrylate-based composite. Pull-out 

tests were performed using a universal testing 

machine. One-way ANOVA revealed that the 

best plasma treatment time for FRC Postec and 

DT Post was 10 and 15 minutes respectively. The 

adhesive properties of both posts tend to degrade 

with longer plasma treatment time. Water 

advancing contact angles on methacrylate-based 

polymer and epoxy resin-base polymer were 

decreased as the plasma treatment time was 

increased. 

 

Keywords: Fiber-reinforced composite post, 

tensile-shear bond strength, plasma treatment, 

contact angle 

∫∑π” 
 ªí®®ÿ∫—π°“√„™â‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬·°â«À√◊Õ

§«Õ∑´å √à«¡°—∫°“√∫Ÿ√≥–øíπ∑’Ëºà“π°“√√—°…“§≈Õß

√“°øíπ‰¥â√—∫§«“¡π‘¬¡Õ¬à“ß·æ√àÀ≈“¬‡π◊ËÕß®“° „Àâ

§«“¡«¬ß“¡‡¡◊ËÕ„™â√à«¡°—∫§√Õ∫øíπ‡´√“¡‘§≈â«π(1) (all 
ceramic crown)  ≈¥°“√·µ°¢Õß√“°øíπ(2)  ≈¥‡«≈“„π

°“√√—°…“ ·≈–“¡“√∂√◊ÈÕ‰¥âßà“¬(3) ‡¥◊Õ¬‡√‘¡‡âπ„¬·°â«

À√◊Õ§«Õ∑ ǻª√–°Õ∫¥â«¬µ—«‡âπ„¬ª√–¡“≥ 60 ‡ªÕ√å‡ Á́πµå  

·≈–≈âÕ¡√Õ∫¥â«¬æÕ≈‘‡¡Õ√å´÷Ëßà«π¡“°¡—°‰¥â·°à æÕ≈‘-

‡¡Õ√å‡¡∑√‘°´å¢Õß‡¡∑“§√‘‡≈µ (methacrylate base) À√◊Õ  

‡√´‘πÕ’ªÕ°´’ (epoxy resin) ∑”„Àâ‚¡¥Ÿ≈—¬◊¥À¬ÿàπ 

(modulus of elasticity) ¡’¢π“¥„°≈â‡§’¬ß°—∫‡π◊ÈÕøíπ(4) 

·≈–‡√´‘π§Õ¡‚æ‘µ(5) ‡¡◊ËÕ„™â‡√´‘π´’‡¡πµå¬÷¥‡¥◊Õ¬™π‘¥π’È

°—∫§≈Õß√“°øíπ·≈–‡√´‘π§Õ¡‚æ‘µ·°πøíπ (resin 
composite for core build-up)  ∑”„Àâ‡°‘¥≈—°…≥–§«“¡

‡ªìπ‡π◊ÈÕ‡¥’¬«°—π (monobloc)(6) Õ¬à“ß‰√°Áµ“¡ªí≠À“∑’Ë¬—ß

æ∫‰¥â„π°“√∫Ÿ√≥–™π‘¥π’È‰¥â·°à  °“√À≈ÿ¥¢Õß‡¥◊Õ¬®“°

§≈Õß√“°øíπ‡π◊ ËÕß®“°§«“¡≈â¡‡À≈«¢Õß°“√¬÷¥µ‘¥

√–À«à“ß‡√´‘π´’‡¡πµå °—∫ ‡¥◊Õ¬øíπ(7,8)  √à«¡°—∫¢“¥°“√¬÷¥

µ‘¥∑’Ë¡’ª√–‘∑∏‘¿“æ√–À«à“ß‡√´‘π§Õ¡‚æ‘µ·°πøíπ °—∫

‡¥◊Õ¬øíπ(9) ´÷Ëß‡°‘¥®“°°“√∑’Ë‡√´‘π ‡¡∑√‘°´å¢Õß‡¥◊Õ¬§Õ¡

‚æ‘µ‡√‘¡‡âπ„¬à«π„À≠à¡’≈—°…≥–‡ªìπ‚§√ß√â“ß

µ“¢à“¬∑’Ë·πàπÀπ“ (highly cross-linking) ·≈–ª√“»

®“°°≈ÿà¡øíß™—ππÕ≈ (functional group) ∑’Ë“¡“√∂∑”

ªÆ‘°√‘¬“°—∫°≈ÿà¡‡¡∑“§√‘‡≈µ (methacrylate group) „π

‡√´‘π §Õ¡‚æ‘µ  ®÷ß¢“¥°“√¬÷¥µ‘¥∑“ß‡§¡’√–À«à“ßº‘«

¢Õß«—¥ÿ∑—ÈßÕß™π‘¥(10) ¥â«¬‡Àµÿπ’È®÷ß¡’§«“¡æ¬“¬“¡

ª√—∫¿“ææ◊Èπº‘«¢Õß‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬‡æ◊ËÕ„Àâ¡’

§ÿ≥¡∫—µ‘°“√¬÷¥µ‘¥¥’¢÷Èπ¥â«¬«‘∏’‡™‘ß°≈(11,12) À√◊Õ°“√„™â

“√‡§¡’(9,13,14) ·µàæ∫«à“Õ“®∑”„Àâº‘«‡¥◊Õ¬§Õ¡‚æ‘µ

¢√ÿ¢√–¡“°‡°‘π‰ª „π∫“ß°√≥’Õ“®°—¥°√àÕπ®π∑”„Àâ

ª√‘¡“µ√‡âπ„¬·°â«À√◊Õ§«Õ∑´å¢Õß‡¥◊Õ¬≈¥≈ß ‡ªìπº≈„Àâ

‡¥◊Õ¬≈¥§«“¡·¢Áß·√ß(11) „π°√≥’∑’Ë„™â“√‡§¡’ ‡™àπ °√¥

‰Œ‚¥√ø≈ŸÕÕ√‘§ (hydrofluoric acid) Õ“®∑”„Àâ‡°‘¥§«“¡

¢√ÿ¢√–∑’Ë‰¡à¡Ë”‡¡Õ·≈–‰¡à“¡“√∂∑”´È”‰¥â(14) ·≈–Õ“®

°àÕ„Àâ‡°‘¥Õ—πµ√“¬µàÕ‘Ëß·«¥≈âÕ¡‰¥â(15)  

 „π«ß°“√Õÿµ“À°√√¡ °“√„™âæ≈“¡“‡æ◊ËÕª√—∫ª√ÿß

§ÿ≥¡∫—µ‘°“√¬÷¥µ‘¥ (adhesive property) ¢Õßæ◊Èπº‘«æÕ



69 CM Dent J Vol. 31 No. 1 January-June 2010™¡. ∑—πµ“√ ªï∑’Ë 31 ©∫—∫∑’Ë 1 ¡.§.-¡‘.¬. 2553 

≈‘‡¡Õ√å‡ªìπ∑’Ë¬Õ¡√—∫Õ¬à“ß°«â“ß¢«“ß(16) ‡π◊ËÕß®“°æ≈“¡“ 

“¡“√∂∑”§«“¡–Õ“¥·≈–°”®—¥‘Ëßªπ‡ªóôÕπ∫πº‘«æÕ

≈‘‡¡Õ√å‰¥âÕ¬à“ß¡’ª√–‘∑∏‘¿“æ “¡“√∂ª√—∫‡ª≈’Ë¬πà«π

ª√–°Õ∫æ◊Èπº‘«‚¥¬°“√·µ°·√ß¬÷¥ (bond breaking) 

√–À«à“ß‚¡‡≈°ÿ≈¢ÕßæÕ≈‘‡¡Õ√å ®“°π—Èπ®÷ß∑”ªÆ‘°√‘¬“°—∫

Õ“πÿ¿“§„πæ≈“¡“ ∑”„Àâ§ÿ≥¡∫—µ‘°“√‡ªï¬°πÈ”∫πæ◊Èπ

º‘« (surface wettability) ¥’¢÷ Èπ “¡“√∂‡ª≈’Ë¬π

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

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

(decomposition) ¥â«¬°“√‡§≈◊Õ∫º‘«(17,18) √«¡∑—Èß

“¡“√∂∑”„Àâ‡°‘¥™—Èπµ“¢à“¬ (cross-linking interface 
sublayer) „µâµàÕ™—Èπº‘«æÕ≈‘‡¡Õ√å(17) ·µà§ÿ≥¡∫—µ‘∑’Ë”§—≠

¢Õßæ≈“¡“§◊Õ°“√ª√—∫¿“æ∑’Ë‡°‘¥¢÷Èπ®–‡°‘¥‡©æ“–º‘«∫π

ÿ¥¢ÕßæÕ≈‘‡¡Õ√å‚¥¬‰¡ààßº≈µàÕ§ÿ≥¡∫—µ‘¥â“π„π¢Õß

æÕ≈‘‡¡Õ√å(19)   

 æ≈“¡“§◊Õ µ—«°≈“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 ‰ÕÕÕπ ‚¡‡≈°ÿ≈ Õπÿ¡Ÿ≈Õ‘√– 

·≈–Õ–µÕ¡„π∂“π–°√–µÿâπ(20) æ≈“¡“·µà≈–™π‘¥¡’

§ÿ≥¡∫—µ‘·µ°µà“ß°—π ‡™àπ Õ“√å°Õπæ≈“¡“ (Argon 
plasma) °√–µÿâπ„Àâ‡°‘¥™—Èπµ“¢à“¬„µâµàÕ™—Èπº‘«æÕ≈‘‡¡Õ√å  

ø≈ŸÕÕ√’πæ≈“¡“ (fluorine plasma) ™à«¬≈¥æ≈—ßß“π

æ◊Èπº‘« (surface energy) æÕ≈‘‡¡Õ√å ·≈– ‰Œ‚¥√‡®πº¡

°—∫Õ“√å°Õπæ≈“¡““¡“√∂°”®—¥ÕÕ°‰´¥å (oxide) 

ÕÕ°®“°º‘«‚≈À–‰¥â(21) „π«ß°“√∑—πµ°√√¡‰¥âπ”æ≈“¡“

ª√—∫ª√ÿß§ÿ≥¡∫—µ‘°“√¬÷¥µ‘¥¢ÕßæÕ≈‘‡¡Õ√å ‡™àπ °“√¬÷¥

∞“πøíπ‡∑’¬¡™π‘¥æÕ≈‘‡¡∑‘≈ ‡¡∑“§√‘‡≈µ™π‘¥∫à¡¥â«¬

§«“¡√âÕπ (heat cure polymethyl methacrylate) °—∫

æÕ≈‘‡¡∑‘≈ ‡¡∑“§√‘‡≈µ™π‘¥∫à¡¥â«¬µ—«‡Õß (self cure 
methyl methacrylate) ·≈–æ∫«à“æ≈“¡““¡“√∂‡æ‘Ë¡

·√ß¬÷¥µ‘¥Õ¬à“ß¡’π—¬”§—≠(22) ·≈–®“°°“√»÷°…“°“√„™â

·°äÀ≈“¬Ê ™π‘¥æ∫«à“ °“√„™âæ≈“¡“∑’Ëº≈‘µ®“°·°ä

º¡√–À«à“ß Œ’‡≈’¬¡ 20 ‡ªÕ√å‡´Áπµå °—∫ ‰π‚µ√‡®π 80 

‡ªÕ√å‡´Áπµå ª√—∫¿“æº‘«‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬ 10 

π“∑’°àÕπ¬÷¥°—∫§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈« “¡“√∂

‡æ‘Ë¡·√ß¬÷¥µ‘¥ ®“° 13.85 ‡¡°–ª≈“§“≈ ‡ªìπ 22.80 

‡¡°–ª≈“§“≈(23) ‚¥¬ª√“»®“°°“√„™â“√¬÷¥µ‘¥„¥Ê  

Õ¬à“ß‰√°Áµ“¡°“√„™âæ≈“¡“„Àâ¡’ª√–‘∑∏‘¿“æ¬—ß¢÷Èπ°—∫

ªí®®—¬∑“ß‡∑§π‘§À≈“¬Ê ª√–°“√ ‡™àπ§«“¡¥—π·°ä(24) 

°”≈—ß§≈◊Ëπ«‘∑¬ÿ(25) ·≈– √–¬–‡«≈“„π°“√ª√—∫¿“æ(26)  

´÷Ëß°“√„™â‡«≈“∑’Ëπ“π‡°‘π‰ª®–∑”„Àâ§ÿ≥¡∫—µ‘æ◊Èπº‘«æÕ≈‘

‡¡Õ√å‡◊ËÕ¡≈ß ‚¥¬‡°‘¥®“°°“√–¡¢Õßà«π∑’Ë‡À≈◊Õ¢Õß

æ◊Èπº‘«∑’Ë‡◊ËÕ¡¿“æ(27) (degradation remnants)  ®“°

°“√»÷°…“π”√àÕß¢ÕßºŸâ«‘®—¬æ∫«à“ °“√„™âæ≈“¡“∑’Ë º≈‘µ

®“°·°äº¡√–À«à“ß Œ’‡≈’¬¡ 20 ‡ªÕ√å‡´Áπµå °—∫ 

‰π‚µ√‡®π 80 ‡ªÕ√å‡´Áπµå ∑’Ë§«“¡¥—π·°ä 22.66 x 10-6 

‡¡°–ª≈“§“≈ °”≈—ß§≈◊Ëπ«‘∑¬ÿ 75 «—µµå „π‡«≈“ 10 π“∑’ 

∑”„Àâ·√ß¬÷¥µ‘¥√–À«à“ß‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬·°â«∑’Ë

¡’æÕ≈‘‡¡Õ√å‡¡∑√‘°´å‡ªìπ‡¡∑“§√‘‡≈µ °—∫§Õ¡‚æ‘µ·°π

øíπ™π‘¥‡À≈«¡’§à“Ÿßÿ¥‡¡◊ËÕ‡∑’¬∫°—∫°“√„™â§«“¡¥—π·°ä

·≈–°”≈—ß§≈◊Ëπ«‘∑¬ÿ§à“µà“ßÊ °—π „π¢≥–∑’Ëæ≈“¡“™π‘¥

‡¥’¬«°—π ∑’Ë§«“¡¥—π·°ä‡¥’¬«°—π ∂â“„™â°”≈—ß§≈◊Ëπ«‘∑¬ÿ 50 

«—µµå„π‡«≈“ 10 π“∑’ „Àâ·√ß¬÷¥µ‘¥√–À«à“ß‡¥◊Õ¬‡√‘¡‡âπ

„¬§«Õ∑ ǻ∑’Ë¡’æÕ≈‘‡¡Õ√å‡¡∑√‘° ǻ‡ªìπ‡√ ‘́πÕ’ªÕ° ’́ °—∫§Õ¡- 

‚æ‘µ·°πøíπ™π‘¥‡À≈«¡’§à“Ÿß∑’Ëÿ¥‡¡◊ËÕ‡∑’¬∫°—∫°“√„™â

§«“¡¥—π·°ä·≈–°”≈—ß§≈◊Ëπ«‘∑¬ÿ§à“µà“ßÊ Õ¬à“ß‰√°Áµ“¡

√–¬–‡«≈“∑’Ë‡À¡“–¡„π°“√ª√—∫¿“æº‘«‡¥◊Õ¬§Õ¡‚æ-

‘µ‡√‘¡‡âπ„¬∑’Ë∑”„Àâ¡’·√ß¬÷¥µ‘¥¥’∑’Ëÿ¥¬—ß‰¡à‡ªìπ∑’Ë∑√“∫

™—¥‡®π ¥—ßπ—Èπ„π°“√»÷°…“§√—Èßπ’È®÷ß¡’«—µ∂ÿª√–ß§å‡æ◊ËÕ

»÷°…“º≈¢Õß√–¬–‡«≈“∑’Ë„™âæ≈“¡“ª√—∫¿“æ‡¥◊Õ¬

§Õ¡‚æ‘µ‡√‘¡‡âπ„¬°àÕπ¬÷¥°—∫§Õ¡‚æ‘µ·°πøíπ™π‘¥

‡À≈«µàÕ·√ß¬÷¥√–À«à“ßÕß«—¥ÿ µ≈Õ¥®πæ≈“¡“¡’º≈

µàÕ¿“«–°“√‡ªï¬°πÈ”∫πæ◊Èπº‘«¢ÕßæÕ≈’‡¡Õ√å™π‘¥‡¥’¬«

°—∫‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬Õ¬à“ß‰√‡¡◊ËÕ·ª√‡ª≈’Ë¬π

√–¬–‡«≈“¢Õß°“√ª√—∫¿“æ ‚¥¬¡’¡¡ÿµ‘∞“π«à“ß (null 
hypothesis) ¢Õß°“√»÷°…“§◊Õ √–¬–‡«≈“„π°“√ª√—∫

¿“ææ◊Èπº‘«¥â«¬æ≈“¡“‰¡à¡’º≈µàÕ·√ß¬÷¥µ‘¥√–À«à“ß

‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬°—∫§Õ¡‚æ‘µ·°πøíπ™π‘¥

‡À≈«·≈–¿“«–°“√‡ªï¬°πÈ”∫πæ◊Èπº‘«¢ÕßæÕ≈’‡¡Õ√å

™π‘¥‡¥’¬«°—∫‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬ 

 

«—¥ÿÕÿª°√≥å·≈–«‘∏’°“√ 
 ‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬·°â«∑’Ë¡’æÕ≈‘‡¡Õ√å‡¡∑

√‘°´å‡ªìπ‡¡∑“§√‘‡≈µ ‡âπºà“»Ÿπ¬å°≈“ß 2 ¡¡. (¬’ËÀâÕ FRC 
Postec posts®: Batch number L47590, Ivoclar 
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Vivadent, Schaan, Liechtenstein; µàÕ‰ª®–‡√’¬°«à“ 

FRC) ·≈– ‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬§«Õ∑´å∑’Ë¡’æÕ- 

≈‘‡¡Õ√å‡¡∑√‘°‡ªìπ‡√´‘π Õ’ªÕ°´’  ‡âπºà“»Ÿπ¬å°≈“ß 1.8 

¡¡. (¬’ËÀâÕ DT Light posts® : Batch number 
093730810, RTD, St. Egreve, France; µàÕ‰ª®–‡√’¬°

«à“ DT) ®”π«πÕ¬à“ß≈– 36 ·∑àß ∂Ÿ°·∫àßÕÕ°‡ªìπ 6 °≈ÿà¡ 

¥â«¬«‘∏’ÿ à¡ (simple random sampling without 
replacement)  °≈ÿà¡∑’Ë 1 §◊Õ °≈ÿà¡∑’Ë‡¥◊Õ¬‰¡à‰¥â√—∫°“√ª√—∫

¿“ææ◊Èπº‘«„¥Ê ‡ªìπ°≈ÿà¡§«∫§ÿ¡ °≈ÿà¡∑’Ë 2-6 π”¡“ª√—∫

¿“æ¥â«¬æ≈“¡“‡ªìπ‡«≈“ 3, 5, 10, 15, 30 π“∑’µ“¡

≈”¥—∫ π”à«πª≈“¬¥â“π∑’ËÕ∫¢Õß‡¥◊Õ¬∑’Ë®–ª√—∫¿“æ

¥â«¬æ≈“¡“·µà≈–°≈ÿà¡Ê ≈– 6 ·∑àß ¡“¬÷¥°—∫µ—«®—∫

‡¥◊Õ¬´÷Ëß«“ßÕ¬Ÿà°÷Ëß°≈“ß∂—ß§«Õ∑´å∑√ß°√–∫Õ°¢Õß‡§√◊ËÕß

°”‡π‘¥æ≈“¡“§«“¡¥—πµË” (Low pressure plasma 
generating machine) (√Ÿª∑’Ë 1) ®“°π—Èπ¥Ÿ¥Õ“°“»ÕÕ°

®“°∂—ß§«Õ∑´å®π‰¥â§«“¡¥—πµ—Èßµâπ (base pressure) 

1.87x10-6 ‡¡°–ª≈“§“≈ ·≈â«ª≈àÕ¬·°äº¡√–À«à“ß 

Œ’‡≈’¬¡√âÕ¬≈– 20 °—∫ ‰π‚µ√‡®π√âÕ¬≈– 80 ‡¢â“‰ª„π∂—ß

§«Õ∑´å¥â«¬Õ—µ√“ 6 ≈∫.´¡./π“∑’®π‰¥â§«“¡¥—π§ß∑’Ë∑’Ë 

22.66x10-6 ‡¡°–ª≈“§“≈ ®“°π—Èπ®÷ßª≈àÕ¬°√–·‰øøÑ“

ºà“π¢¥≈«¥∑’Ë≈âÕ¡√Õ∫°÷Ëß°≈“ß∂—ß§«Õ∑´å ¥â«¬°”≈—ß

§≈◊Ëπ«‘∑¬ÿ 75 «—µµå ”À√—∫‡¥◊Õ¬ FRC ·≈– 50 «—µµå

”À√—∫‡¥◊Õ¬ DT  ‡ªìπ‡«≈“ 3, 5, 10, 15, 30 π“∑’ 

”À√—∫°≈ÿà¡ 2, 3, 4, 5, 6 µ“¡≈”¥—∫ 

 À≈—ß®“°π—Èπ‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬·µà≈–µ—«∂Ÿ°

‡°Á∫‰«â„π¢«¥·°â«∑’Ë¡’Ω“¬“ßªî¥ ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß·≈–∑’Ë

§«“¡¥—π∫√√¬“°“» 12 ™—Ë«‚¡ßÀ≈—ß®“°∑’Ëª√—∫¿“ææ◊Èπ

º‘«¥â«¬æ≈“¡“ ‡¥◊Õ¬∑ÿ°µ—«„π°“√∑¥≈Õßπ’È∂Ÿ°π”¡“¬÷¥

¥â«¬§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈« (¬’ËÀâÕ MultiCore 
Flow® : Batch number K 44769, Ivoclar Vivadent, 
Schaan, Liechtenstein) √Õ∫à«πª≈“¬∫π∑’Ë‡ªìπ∑√ß

°√–∫Õ°¢Õß‡¥◊Õ¬„Àâ¡’¢π“¥‡âπºà“»Ÿπ¬å°≈“ß 8 ¡¡. 

·≈–Àπ“ 2 ¡¡. ¥â«¬°“√„™â‡∫â“‚≈À–‡ªìπµ—«™à«¬„Àâ‡¥◊Õ¬

Õ¬Ÿàµ√ß®ÿ¥»Ÿπ¬å°≈“ß ·≈â«„™â‡§√◊ËÕß©“¬·ß (Elipar 
Trilight, 3M/ESPE, Seefeld, Germany) ‡√àß°“√‡°‘¥

æÕ≈‘‡¡Õ√åπ“π 40 «‘π“∑’ ¥â«¬§«“¡‡¢â¡·ß 600 ¡‘≈≈‘-

«—µµå/ ´¡2. π”·ºàπ·À«π‚≈À–™π‘¥∫“ß∫√‘‡«≥°÷Ëß°≈“ß

‡’¬∫µ—Èß©“°°—∫‡¥◊Õ¬‡æ◊ËÕ√Õß√—∫¥â“π„µâ¢Õß·°πøíπ§Õ¡-

√Ÿª∑’Ë 1 √Ÿª·≈–·ºπº—ß¢Õß‡§√◊ËÕß°”‡π‘¥æ≈“¡“§«“¡¥—πµË” 

‚¥¬¡’‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬ (FRC, DT) Õ¬Ÿà

∫πµ—«®—∫‡¥◊Õ¬´÷ËßÕ¬Ÿà°÷Ëß°≈“ß∂—ß§«Õ∑´å∑√ß°√–∫Õ°

¢Õß‡§√◊ËÕß°”‡π‘¥æ≈“¡“·√ß¥—πµË”  
Figure 1 Picture and schematic illustration of low 

pressure plasma generator with fiber-
reinforced composite post (FRC, DT) on 
the specimen holder at the center of 
quartz chamber of the low pressure 
plasma generator   

‚æ‘µ™π‘¥‡À≈« ®“°π—Èππ”à«πª≈“¬¥â“πÕ∫¢Õß‡¥◊Õ¬

‰ª®—¥µ”·Àπàß„ÀâÕ¬Ÿà°÷Ëß°≈“ß∑àÕæ’«’´’ (polyvinyl chloride: 

PVC) ∑’Ë¡’¢π“¥‡âπºà“»Ÿπ¬å°≈“ß 20 ¡¡. ·≈–Ÿß 10 ¡¡. 

‚¥¬„™â‡∫â“‚≈À–‡ªìπµ—«™à«¬  ·≈–®ÿà¡ª≈“¬‡¥◊Õ¬≈ß„π∑àÕ

≈÷° 8 ¡¡. ‡∑‡√´‘πÕ–§√‘√‘°‡À≈«≈ß‰ª„Àâ‡µÁ¡∑àÕæ’«’´’  √Õ

®π‡√´‘πÕ–§√‘≈‘°·¢Áßµ—« ®÷ßπ”™‘Èπß“πÕÕ°®“°‡∫â“ ™‘Èπ

ß“π¡’≈—°…≥–¥—ß√Ÿª∑’Ë 2  



71 CM Dent J Vol. 31 No. 1 January-June 2010™¡. ∑—πµ“√ ªï∑’Ë 31 ©∫—∫∑’Ë 1 ¡.§.-¡‘.¬. 2553 

 ™‘Èπß“π∑’Ë‡µ√’¬¡‡√Á®·≈â«∂Ÿ°‡°Á∫„π¢«¥·°â«∑’Ë¡’Ω“

ªî¥‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß°àÕπ∂Ÿ°∑¥Õ∫¥â«¬°“√¥÷ß (pull-
out test) ‚¥¬∑àÕæ’«’´’¢Õß™‘Èπß“π∂Ÿ°®—∫„ÀâÕ¬Ÿà°—∫∑’Ë¥â«¬µ—«

®—∫∑’ ËÕÕ°·∫∫¡“‡©æ“–´÷ Ëßµ‘¥°—∫à«π≈à“ß¢Õß‡§√◊ ËÕß

∑¥Õ∫“°≈ (Lloyd, LR10K, Fareham, UK) „π

¢≥–∑’Ë·ºàπ·À«π‚≈À–∑’Ë√Õß√—∫·°πøíπ§Õ¡‚æ‘µ™π‘¥

‡À≈«∂Ÿ°‡°’Ë¬«°—∫µ—«®—∫∑’ËÕÕ°·∫∫æ‘‡»…„ÀâæÕ¥’°—∫‡¥◊Õ¬ 

´÷Ëßµ—«‡°’Ë¬«π’Èµ‘¥°—∫à«π‡§≈◊ËÕπ∑’Ë¢Õß‡§√◊ËÕß∑¥Õ∫“°≈ 

™‘Èπß“π∂Ÿ°¥÷ß¥â«¬Õ—µ√“‡√Á« 1 ¡¡./π“∑’ ®π°«à“·°πøíπ

§Õ¡‚æ‘µ™π‘¥‡À≈«À≈ÿ¥ÕÕ°®“°‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡

‡âπ„¬  ·√ß¥÷ß‡©◊ÕπŸßÿ¥ (π‘«µ—π) À“√¥â«¬æ◊Èπ∑’Ë¢Õß°“√

¬÷¥µ‘¥ (¡2.) ‡æ◊ËÕ„Àâ§à“‡ªìπ‡¡°–ª≈“§“≈”À√—∫°“√

§”π«≥∑“ß∂‘µ‘ 

 ”À√—∫™‘Èπß“π∑’Ë„™â∑¥Õ∫§ÿ≥¡∫—µ‘°“√‡ªï¬°πÈ”

∫πæ◊Èπº‘«æÕ≈‘‡¡Õ√å ∂Ÿ°‡µ√’¬¡¥â«¬°“√„™â ‡¡∑“§√‘‡≈µ-

‡∫‡√ ‘́π (urethane dimethacrylate, Nagani chemical 
Inc., Japan) ‡∑„π‡∫â“´‘≈‘‚§π∑’Ë¡’‡âπºà“»Ÿπ¬å°≈“ß 2 ´¡. 

·≈–Àπ“ 2 ¡¡. ®”π«π 36 ™‘Èπ ·≈â«°√–µÿâπ°“√‡°‘¥æÕ≈‘

‡¡Õ√å¥â«¬·ß‡ªìπ‡«≈“ 40 «‘π“∑’ „π¢≥–∑’Ë‡√´‘πÕ‘ªÕ°´’ 

(diglycyl ether of bisphenol and diethylene-
triamine, Aldrich chemical company Inc., WI, 
USA) °Á‡µ√’¬¡„π≈—°…≥–‡¥’¬«°—π·µàµâÕß∑‘Èß‰«â„Àâ‡°‘¥æÕ

≈‘‡¡Õ√å‡µÁ¡∑’Ë‡ªìπ‡«≈“ 1 «—π ®“°π—Èππ”™‘Èπß“ππ’È‰ª¢—¥

¥â«¬°√–¥“…∑√“¬πÈ”‡∫Õ√å 280 ·≈– 600 ®π‰¥â§«“¡

À¬“∫¢Õßæ◊Èπº‘«ª√–¡“≥ 10-20 ‰¡§√Õπ ´÷Ëß¡’§à“„°≈â

‡§’¬ß°—∫§«“¡À¬“∫¢Õßº‘«‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬28  

∑”§«“¡–Õ“¥™‘Èπß“π¥â«¬‡§√◊ËÕßÕ—≈µ√“‚´π‘° (BioSonic, 
Coltene, Whaledent, USA) π“π 30 π“∑’ ·≈â«ª≈àÕ¬

„Àâ·Àâß 1 «—π ·∫àß™‘Èπß“πÕÕ°‡ªìπ°≈ÿà¡Ê ≈– 3 ™‘Èπ‡™àπ

‡¥’¬«°—∫°≈ÿà¡‡¥◊Õ¬  ‚¥¬°≈ÿà¡∑’Ë 2 ∂÷ß 6 π”‰ªª√—∫¿“æ

º‘«¥â«¬æ≈“¡“ ‡ªìπ‡«≈“ 3, 5, 10, 15, 30 π“∑’ µ“¡

≈”¥—∫ °“√∑¥Õ∫§ÿ≥¡∫—µ‘°“√‡ªï¬°∫πæ◊Èπº‘«æÕ≈‘-

‡¡Õ√å∑”‚¥¬À¬¥πÈ”°≈—Ëπ¥â«¬ ‰¡‚§√ªî‡ªµ (Socorex, 
Ecublens, Lausanne, Switzerland) ª√‘¡“µ√ 10 

‰¡‚§√≈‘µ√ ∫π™‘Èπß“π·µà≈–™‘Èπ „Àâ√–¬–Àà“ß¢Õß‰¡‚§√ªî

‡ªµ °—∫™‘Èπß“π§ß∑’Ë 2 ´¡. ∂à“¬√ŸªÀ¬¥πÈ”·µà≈–À¬¥¥â«¬

°≈âÕß∂à“¬¿“æ¥‘®‘µÕ≈¢π“¥§«“¡¬“«‚ø°—¢Õß‡≈π´å 

125 ¡¡. ¿“¬„π‡«≈“ 10 «‘π“∑’À≈—ß®“°À¬¥ ‚¥¬„Àâ

√–¬–√–À«à“ßÀ¬¥πÈ”°—∫°≈âÕß§ß∑’Ë§◊Õ 35 ´¡. µ≈Õ¥°“√

∑¥≈Õß π”¿“æ∑’Ë‰¥â‰ª«—¥¡ÿ¡—¡º—·Õ¥·«π´‘ß (advan- 
cing contact angle) ∑—Èß 2 ¢â“ß¢ÕßÀ¬¥πÈ”¥â«¬‚ª√·°√¡ 

ÕÕ‚µ·§¥ (AutoCAD 2007) (Autodesk Inc., 
California, USA) (√Ÿª∑’Ë 3)  π”§à“‡©≈’Ë¬¢Õß¡ÿ¡∑’Ë‰¥â¢Õß

™‘Èπß“π„π·µà≈–°≈ÿà¡¡“æ≈Õµ°√“ø√–À«à“ß¡ÿ¡—¡º—

·Õ¥·«π ‘́ß·≈–√–¬–‡«≈“∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬æ≈“¡“  

 

√Ÿª∑’Ë 2 ·¥ß·∫∫√à“ß™‘Èπß“π∑’Ë‡√Á®‡√’¬∫√âÕ¬ ‚¥¬§Õ¡‚æ

‘µ·°πøíπ™π‘¥‡À≈« (CR) ¬÷¥à«π∫π¢Õß‡¥◊Õ¬

§Õ¡‚æ‘µ‡√‘¡‡âπ„¬·≈–¡’·ºàπ·À«π‚≈À–∫“ß

√Õß¥â“π„µâ à«πª≈“¬¥â“πÕ∫¢Õß‡¥◊Õ¬ ®ÿà¡Õ¬Ÿà„π

‡√´‘πÕ–§√‘≈‘°∑’Ë¡’∑àÕæ’«’´’ (PVC) ÀàÕÀÿâ¡ 
Figure 2 Schematic illustration of specimen with 

flowable composite core (CR) bond to the 
coronal end of fiber-reinforced composite 
post and supported by a thin metal ring, 
the apical end of the post attached with 
the acrylic resin in the PVC tube.   

√Ÿª∑’Ë 3 ·¥ß°“√«—¥¡ÿ¡—¡º—·Õ¥·«π´‘ß∑—Èß 2 ¢â“ß¢Õß
À¬¥πÈ”¥â«¬‚ª√·°√¡ ÕÕ‚µ·§¥ 

Figure 3 Illustration of two advancing contact 
angles of water droplet by AutoCAD 
program   
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º≈°“√«‘®—¬ 
 §à“·√ß¥÷ß‡©◊Õπ (‡¡°–ª≈“§“≈) ¢Õß‡¥◊Õ¬ FRC 

·≈– DT ·¥ß„πµ“√“ß∑’Ë 1 ·≈– °√“ø·π«‚πâ¡·√ß¥÷ß

‡©◊Õπ¢Õß‡¥◊Õ¬ FRC ·≈– DT ‡¡◊ËÕ‡«≈“ª√—∫¿“æº‘«

¥â«¬æ≈“¡“‡æ‘Ë¡¢÷Èπ ·¥ß„π√Ÿª∑’Ë 4 ·≈– 5 µ“¡≈”¥—∫  

      

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

‡∫’Ë¬ß‡∫π¡“µ√∞“π („π«ß‡≈Á∫) ¢Õß‡¥◊Õ¬ FRC 

·≈– DT „π·µà≈–°≈ÿà¡ 
Table 1 Mean of tensile-shear bond strength 

values in MPa and (standard deviations) 
of FRC and DT in each group 

 °≈ÿà¡‰¡à
ª√—∫¿“æ 

√–¬–‡«≈“„π°“√ª√—∫¿“æ¥â«¬æ≈“¡“ 

3 π“∑’ 5 π“∑’ 10 π“∑’ 15 π“∑’ 30 π“∑’ 

FRC 13.85 
(0.63)a 

23.48 
(3.08)b 

23.10 
(3.35)b 

29.37 
(3.36)c 

25.53 
(1.40)b,c 

24.02 
(2.88)b 

DT 13.90 
(1.26)1 

21.42 
(3.51)2 

26.60 
(2.09)2 

28.35 
(2.60)2 

32.68 
(1.37)3 

31.80 
(2.47)3 

Õ—°…√À√◊Õ‡≈¢µ—«¬°∑’Ëµà“ß°—π·¥ß«à“¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬”§—≠∑’Ë
√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 
Differences in letter or number of superscript denote 
significant differences at p < 0.05 

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

·∫∫®”·π°∑“ß‡¥’¬« (1-way ANOVA) „π‡¥◊Õ¬ FRC 

æ∫«à“ ∑ÿ°°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬æ≈“¡“ ¡’§à“·√ß

¥÷ß‡©◊Õπ¡“°°«à“§à“·√ß¥÷ß‡©◊Õπ„π°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬

”§—≠∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 ·≈–·√ß¥÷ß‡©◊Õπ∑’Ë

‡¥◊Õ¬ºà“π°“√ª√—∫¿“ææ◊Èπº‘«¥â«¬æ≈“¡“π“π 10 

π“∑’ ¡’§à“¡“°∑’Ëÿ¥‡¡◊ËÕ‡∑’¬∫°—∫∑ÿ°°≈ÿà¡¬°‡«âπ°≈ÿà¡∑’Ëºà“π 

°“√ª√—∫¿“ææ◊Èπº‘«¥â«¬æ≈“¡“π“π 15 π“∑’   

 ”À√—∫‡¥◊Õ¬ DT æ∫«à“ ∑ÿ°°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπº‘«

¥â«¬æ≈“¡“¡’§à“·√ß¥÷ß‡©◊Õπ¡“°°«à“§à“·√ß¥÷ß‡©◊Õπ„π

°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬”§—≠∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 

95 ·≈–·√ß¥÷ß‡©◊Õπ∑’Ë‡¥◊Õ¬ºà“π°“√ª√—∫¿“ææ◊Èπº‘«¥â«¬

æ≈“¡“π“π 15 π“∑’ ¡’§à“¡“°∑’Ëÿ¥‡¡◊ËÕ‡∑’¬∫°—∫∑ÿ°

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

π“π 30 π“∑’ 

 °√“ø√–À«à“ß¡ÿ¡—¡º—·Õ¥·«π´‘ß¢ÕßÀ¬¥πÈ”∫π

·ºàπ‡¡∑“§√‘‡≈µ‡∫‡√´‘π ·≈– ‡√´‘πÕ‘ªÕ°´’ °—∫√–¬–

‡«≈“∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬æ≈“¡“ ≈¥≈ß®π¡’§à“

√Ÿª∑’Ë 4 °√“ø·π«‚πâ¡·√ß¥÷ß‡©◊Õπ¢Õß‡¥◊Õ¬ FRC ‡¡◊ËÕ‡«≈“

ª√—∫¿“ææ◊Èπº‘«¥â«¬æ≈“¡“‡æ‘Ë¡¢÷Èπ 
Figure 4 Curve-fit of tensile-shear bond strength 

of FRC and plasma treatment time 

√Ÿª∑’Ë 5 °√“ø·π«‚πâ¡·√ß¥÷ß‡©◊Õπ¢Õß‡¥◊Õ¬ DT ‡¡◊ËÕ‡«≈“

ª√—∫¿“ææ◊Èπº‘«¥â«¬æ≈“¡“‡æ‘Ë¡¢÷Èπ 
Figure 5 Curve-fit of tensile-shear bond strength of 

DT and plasma treatment time 

‡∑à“°—∫»Ÿπ¬å‡¡◊ËÕ„™â‡«≈“ª√—∫¿“ææ◊Èπº‘«π“π 30 π“∑’ 

(·¥ß„π√Ÿª 6 ·≈– 7 µ“¡≈”¥—∫) 

 

∫∑«‘®“√≥å 
 ®“°º≈°“√∑¥≈Õß‡ÀÁπ‰¥â«à“·√ß¥÷ß‡©◊Õπ¢Õß‡¥◊Õ¬

§Õ¡‚æ‘µ‡√‘¡‡âπ„¬∑—Èß 2 ¬’ËÀâÕ∑’Ëºà“π°“√ª√—∫¿“ææ◊Èπ

º‘«¥â«¬æ≈“¡“ ‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«„π™à«ß·√°Ê ¢Õß

°“√‡æ‘Ë¡‡«≈“ ·≈â«®÷ß∂÷ß®ÿ¥Ÿßÿ¥ À≈—ß®“°π—Èπ°Á®–≈¥≈ß

‡¡◊ËÕ‡«≈“ºà“π‰ª Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Hall ·≈–

§≥– „πªï §.». 2007(24) ‚¥¬„Àâ‡Àµÿº≈«à“°“√∑’Ë·√ß¬÷¥µ‘¥

¡’§à“‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«„π™à«ßµâπÊ ‡π◊ËÕß®“° °“√√â“ß
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ultraviolet) ´÷Ëß‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√√â“ß™—Èπµ“¢à“¬„µâµàÕ

™—Èπæ◊Èπº‘«æÕ≈‘‡¡Õ√å ™—Èπµ“¢à“¬π’È‡ªìπµ—«°—Èπ‰¡à„Àâ‡°‘¥°“√

·æ√à°√–®“¬¢Õß“√∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈µË”®“°¥â“π„πæÕ

≈‘‡¡Õ√åÕÕ°¡“Ÿàæ◊Èπº‘«¥â“ππÕ° „π∑“ßµ√ß¢â“¡™—Èππ’È¬—ß

‡ªìπµ—«≈¥°“√ª√—∫µ—«¢ÕßÕπÿ¿“§∑’Ë¡’¢—È«§√÷ËßÀπ÷Ëß (polar 
moieties) ∑’Ëæ¬“¬“¡‡§≈◊ËÕπµ—«®“°æ◊Èπº‘«¥â“ππÕ°‰ªŸà

¥â“π„π¢ÕßæÕ≈‘‡¡Õ√å ∑”„Àâæ≈—ßß“π∑’Ëæ◊Èπº‘«¬—ß§ßÕ¬Ÿà‰¥â  

®÷ß¡’°“√‰À≈·ºà¢Õß«—¥ÿ∑’Ëπ”¡“¬÷¥‰¥â¥’¢÷Èπ √«¡∑—ÈßÕ“πÿ

¿“§∑’Ë¡’æ≈—ßß“π„πŒ‘‡≈’¬¡æ≈“¡“¬—ß√–¥¡¬‘ß (bom-
bardment) º‘«¢ÕßæÕ≈‘‡¡Õ√å ‡°‘¥°“√·µ°¢Õß“¬æÕ≈‘

‡¡Õ√å  ´÷Ëß„π°“√∑¥≈Õßπ’È °≈ÿà¡øíß™—ππÕ≈¢Õß‰π‚µ√‡®π∑’Ë

‡°‘¥®“°æ≈“¡“‰π‚µ√‡®π “¡“√∂‡¢â“‰ª¡’æ—π∏–∑“ß

‡§¡’°—∫“¬æÕ≈‘‡¡Õ√å∑’Ë·µ°ÕÕ°®“°°—π —ππ‘…∞“π‰¥â«à“ 

°≈ÿà¡øíß™—ππÕ≈¢Õß‰π‚µ√‡®π∑’Ëæ◊Èπº‘«¢Õß‡¥◊Õ¬∑’Ëºà“π°“√

ª√—∫¿“æ¥â«¬æ≈“¡“ “¡“√∂∑”ªØ‘°‘√‘¬“°—∫°≈ÿà¡øíß

™—ππÕ≈„π§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈« ®÷ß„Àâ·√ß¬÷¥µ‘¥¥’

¢÷Èπ Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕ‡«≈“°“√ª√—∫¿“æ‡æ‘Ë¡¢÷Èπ æ≈—ßß“π 

∑’ Ë„ÀâµàÕ‡π◊ ËÕßŸ à√–∫∫°àÕ„Àâ‡°‘¥°“√µ—¥“¬æÕ≈‘‡¡Õ√å 

(chain scission) ‡æ‘Ë¡¢÷Èπ ·≈–“√∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈µË”

°Á·æ√à°√–®“¬¡“Ÿàº‘«¡“°¢÷Èπ ‚¥¬ª°µ‘“¬æÕ≈‘‡¡Õ√å∑’Ë

‡ªìπ‡¡◊Õπ·°πª∞¡¿Ÿ¡‘ (primary nucleus) ”À√—∫„Àâ¡’

°“√‡°“–‡°’Ë¬«√–À«à“ß¡ÕπÕ‡¡Õ√å µâÕß“¡“√∂À≈Õ¡ 

≈–≈“¬ (redissolve) ·≈â«√â“ß°≈—∫¡“„À¡à‰¥â (reform)  

·µà„π°√≥’∑’Ë“¬æÕ≈‘‡¡Õ√å∂Ÿ°µ—¥„Àâ—Èπ‡°‘π‰ª ®–‡°‘¥

‡©æ“–°“√À≈Õ¡≈–≈“¬Õ¬à“ß‡¥’¬«(29) ª√–°Õ∫°—∫¡’°“√

·æ√à°√–®“¬¢ÕßÕπÿ¡Ÿ≈Õ‘√– (free radical) ∑’ËÕ¬Ÿà∫√‘‡«≥

º‘«‰ªŸà¥â“π„π¢ÕßæÕ≈‘‡¡Õ√å ª√“°Ø°“√≥å‡À≈à“π’Èπà“®–

‡ªìπ“‡Àµÿ„Àâ°“√√â“ßæ—π∏–√–À«à“ß°≈ÿà¡øíß™—ππÕ≈¢Õß

‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬ °—∫ §Õ¡‚æ‘µ·°πøíπ™π‘¥

‡À≈«≈¥≈ß ÷́Ëßº≈¢Õß°“√»÷°…“π’ÈÕ¥§≈âÕß°—∫°“√∑¥≈Õß 

¢Õß Rusu ·≈–§≥–„πªï §.». 2007(29) ∑’Ë„™âÕ“√å°Õπ

æ≈“¡“ª√—∫¿“ææÕ≈‘‡Õ∑‘≈≈‘π ‡∑‡√ø∑“‡≈µ (polye-
thelene terephthalate) ·≈–æ∫«à“ °“√ª√—∫¿“ææ◊Èπº‘«

æÕ≈‘‡¡Õ√å¥â«¬æ≈“¡“∑’Ëæ≈—ßß“π√–¥—∫µË” (mild plasma 
treatment) ∑—Èß„π·ßà °”≈—ß§≈◊Ëπ«‘∑¬ÿ §«“¡¥—π·°ä ·≈–

√–¬–‡«≈“„π°“√ª√—∫¿“ææ◊Èπº‘« ∑”„Àâ‡°‘¥°“√ÕäÕ°´‘

‡¥™—π (oxidation) ∑’Ëº‘«Õ¬à“ß‡À¡“–¡ ·µà‡¡◊ËÕ‡«≈“π“π

¢÷Èπ®–∑”„Àâ‡°‘¥º≈µ√ß°—π¢â“¡¢Õß°“√ÕäÕ°´‘‡¥™—π ‡π◊ËÕß 

√Ÿª∑’Ë 6 °√“ø·π«‚πâ¡¡ÿ¡—¡º—·Õ¥·«π´‘ß¢ÕßÀ¬¥πÈ”∫π

·ºàπ‡¡∑“§√‘‡≈µ‡∫‡√´‘π ‡¡◊ËÕ‡«≈“ª√—∫¿“ææ◊Èπ

º‘«¥â«¬æ≈“¡“‡æ‘Ë¡¢÷Èπ 
Figure 6 Curve-fit of advancing contact angle of 

water droplet on methacrylate-base resin 
plate with plasma treatment time  

 

√Ÿª∑’Ë 7 °√“ø·π«‚πâ¡¡ÿ¡—¡º—·Õ¥·«π´‘ß¢ÕßÀ¬¥πÈ”∫π

·ºàπ‡√´‘πÕ‘ªÕ°´’ ‡¡◊ËÕ‡«≈“ª√—∫¿“ææ◊Èπº‘«¥â«¬

æ≈“¡“‡æ‘Ë¡¢÷Èπ 
Figure 7 Curve-fit of advancing contact angle of 

water droplet on epoxy resin plate with 
plasma treatment time 

™—Èπµ“¢à“¬¢ÕßæÕ≈‘‡¡Õ√åÕ¬à“ß√«¥‡√Á« ·≈–¡’°“√°”®—¥

‡»…“√∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈µË” (low molecular frac-
tions) ÕÕ°‰ª πÕ°®“°π’È Liston ·≈–§≥– „πªï §.». 

1993(18) ‰¥â√“¬ß“π«à“ ·°äŒ‘‡≈’¬¡∑’Ë·µ°µ—«‡ªìπæ≈“¡“

®–·ºà√—ß’Õ—≈µ√“‰«‚Õ‡≈µ„π¿“«–ÿ≠≠“°“» (vacuum 
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®“°¡’°“√°—¥°√àÕπ∫√‘‡«≥æ◊Èπº‘«∑’Ë¡“°‡°‘π‰ª®“°°“√√–¥¡ 

¬‘ß¢Õß‰ÕÕÕπ∑’Ë¡’æ≈—ßß“π (energetic ion) „πæ≈“¡“  

 ”À√—∫¡ÿ¡—¡º—·Õ¥·«π´‘ß¢ÕßÀ¬¥πÈ”∫π·ºàπ

‡¡∑“§√‘‡≈µ‡√´‘π ·≈– ‡√´‘πÕ‘ªÕ°´’ æ∫«à“¡ÿ¡—¡º—·Õ¥-

·«π´‘ß≈¥≈ß‡¡◊ËÕ‡«≈“°“√ª√—∫¿“ææ◊Èπº‘«¥â«¬æ≈“¡“

‡æ‘Ë¡¢÷Èπ ∫àß∫Õ°‰¥â«à“¬‘Ëß‡«≈“ª√—∫¿“æπ“π¢÷Èπ §ÿ≥¡∫—µ‘ 

°“√‡ªï¬°πÈ”∫πæ◊Èπº‘«®–¡“°¢÷Èπ ©–π—Èπ°“√‰À≈·ºà¢Õß

«—¥ÿ∑’Ëπ”¡“¬÷¥¥’¢÷Èπ¥â«¬‡™àπ°—π ”À√—∫·ºàπ‡¡∑“ §√‘‡≈µ-

‡√´‘π ´÷Ëß‡ªìπæÕ≈‘‡¡Õ√å™π‘¥‡¥’¬«°—∫‡¥◊Õ¬ FRC æ∫«à“

‡¡◊ËÕ‡«≈“ª√—∫¿“ææ◊Èπº‘«π“π°«à“ 10 π“∑’ ¡ÿ¡—¡º—

·Õ¥·«π´‘ß¡’§à“‡ªìπ»Ÿπ¬å‰ªµ≈Õ¥ ‚¥¬À≈—°°“√·≈â«§à“ 

·√ß¥÷ß‡©◊Õπ¢Õß‡¥◊Õ¬πà“®–Ÿß·≈–§ß∑’Ë ·µàæ∫«à“§à“·√ß

¥÷ß‡©◊Õπ¢Õß‡¥◊Õ¬°≈—∫‡√‘Ë¡≈¥≈ß‡¡◊ËÕ‡«≈“‡«≈“ª√—∫¿“æ

æ◊Èπº‘«¥â«¬æ≈“¡“‡°‘π 10 π“∑’ à«π‡√´‘πÕ‘ªÕ°´’ §à“

¡ÿ¡—¡º—·Õ¥·«π´‘ß¡’§à“‡∑à“°—∫»Ÿπ¬å‡¡◊ËÕ‡«≈“ª√—∫¿“æ

æ◊Èπº‘«‡∑à“°—∫ 30 π“∑’ ´÷Ëß§à“·√ß¥÷ß‡©◊Õπ¢Õß‡¥◊Õ¬ DT 

πà“®–Ÿß∑’Ëÿ¥ ·µàª√“°Ø«à“·√ß¥÷ß‡©◊Õπ°≈—∫‡√‘Ë¡≈¥≈ß  

®÷ßÕ“®°≈à“«‰¥â«à“§à“¡ÿ¡—¡º—·Õ¥·«π´‘ß‰¡à“¡“√∂„™â

§“¥°“√≥å·√ß¬÷¥µ‘¥¢Õßº‘«‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬

°—∫§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈«‰¥â ‡π◊ËÕß®“°æ≈—ßß“πæ◊Èπ

º‘«∑’ËµâÕß°“√”À√—∫πÈ”·≈–§Õ¡‚æ‘µ·°πøíπ ™π‘¥‡À≈«

‡æ◊ËÕ°“√‰À≈·ºà∑’Ë¥’π— Èπ·µ°µà“ß°—π‚¥¬‘Èπ‡™‘ß ´÷ËßÕ¥ 

§≈âÕß°—∫°“√»÷°…“¢Õß Loyaga-Rendon ·≈–§≥– „π

ªï §.». 2007(30) ®“°º≈°“√∑¥≈Õß®÷ß ªØ‘‡»…¡¡ÿµ‘∞“π

«à“ß∑’Ë«à“ √–¬–‡«≈“„π°“√ª√—∫¿“ææ◊Èπº‘«¥â«¬æ≈“¡“

‰¡à¡’º≈µàÕ·√ß¬÷¥µ‘¥√–À«à“ß‡¥◊Õ¬§Õ¡‚æ‘µ‡√‘¡‡âπ„¬

°—∫§Õ¡‚æ‘µ·°πøíπ™π‘¥‡À≈«·≈–¡ÿ¡—¡º—·Õ¥·«π´‘ß 

 

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

º≈‰¥â¥—ßπ’È 

 1. √–¬–‡«≈“∑’Ë‡À¡“–¡„π°“√„™âæ≈“¡“¢Õß·°ä

º¡√–À«à“ßŒ’‡≈’¬¡°—∫‰π‚µ√‡®π ª√—∫¿“æ‡¥◊Õ¬ FRC 

∑’Ë§«“¡¥—π·°ä 22.66 x 10-6 ‡¡°–ª≈“§“≈·≈–°”≈—ß

§≈◊Ëπ«‘∑¬ÿ 75 «—µµå §◊Õ 10 π“∑’ „π¢≥–∑’Ë‡¥◊Õ¬ DT ∑’Ë„™â

§«“¡¥—π·°ä‡∑à“°—π ·µà„™â°”≈—ß§≈◊Ëπ«‘∑¬ÿ 50 «—µµå §«√

„™â‡«≈“ 15 π“∑’ ®÷ß®–∑”„Àâ·√ß¥÷ß‡©◊Õπ¡’§à“Ÿßÿ¥ 

 2. §à“¡ÿ¡—¡º—·Õ¥·«π´‘ß¢ÕßπÈ”°≈—Ëπ∫πæ◊Èπº‘«æÕ

≈‘‡¡Õ√å∑’Ëºà“π°“√ª√—∫¿“æ¥â«¬æ≈“¡“„π‡«≈“µà“ßÊ°—π 

‰¡à“¡“√∂„™â§“¥°“√≥å·√ß¬÷¥µ‘¥¢Õß‡¥◊Õ¬§Õ¡‚æ‘µ

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

   

°‘µµ‘°√√¡ª√–°“» 
 ¢Õ¢Õ∫§ÿ≥ §ÿ≥¡ƒ∑—¬  µ—π¡“ ·≈–§ÿ≥™“≠™—¬  

Õÿ‚¡ß‚π »Ÿπ¬å«‘®—¬π‘«µ√Õπæ≈—ßß“πŸß ¿“§«‘™“øî‘°å 

§≥–«‘∑¬“»“µ√å ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à ∑’Ë„Àâ§«“¡™à«¬

‡À≈◊Õ‡°’Ë¬«°—∫°“√„™â‡§√◊ËÕß°”‡π‘¥æ≈“¡“§«“¡¥—πµË” 

¢Õ¢Õ∫§ÿ≥∫√‘…—∑ ¬Ÿπ‘µ‘È ‡¥Áπ∑—≈ ®”°—¥ ∑’Ëπ—∫πÿπ‡¥◊Õ¬

¬’ËÀâÕ FRC Prostec post® ·≈–§Õ¡‚æ‘µ·°πøíπ™π‘¥
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