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

‡©◊Õπ√–À«à“ß‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬§«“¡√âÕπ∑’Ë

ª√—∫¿“ææ◊Èπº‘«¥â«¬«‘∏’µà“ßÊ °—∫‡√´‘πÕ–§√‘≈‘°™π‘¥

∫à¡¥â«¬µ—«‡Õß ™‘Èπ∑¥Õ∫ 78 ™‘Èπ∂Ÿ°‡µ√’¬¡¥â«¬‡√´‘π

Õ–§√‘≈‘°™π‘¥∫à¡¥â«¬§«“¡√âÕπ·≈â«·∫àß‡ªìπ 6 °≈ÿà¡Ê

≈– 13 ™‘Èπµ“¡«‘∏’°“√ª√—∫¿“ææ◊Èπº‘«¥—ßπ’È 1 ‰¡à¡’°“√

ª√—∫¿“ææ◊Èπº‘«, 2 ∑“¥â«¬‡¡∑‘≈‡¡∑“§√‘‡≈µ ¡Õπ

Õ‡¡Õ√å, 3 æàπ¥â«¬ºßÕ≈Ÿ¡‘π“, 4 æàπ¥â«¬‡®Á∑æ≈“¡“, 5 

æàπ¥â«¬‡®Á∑æ≈“¡“·≈–∑“¥â«¬¡ÕπÕ‡¡Õ√å ·≈– 6 æàπ

¥â«¬‡®Á∑æ≈“¡“ ∑“¥â«¬¡ÕπÕ‡¡Õ√å ·≈–æàπ¥â«¬‡®Á∑¥â«¬‡®Á∑æ≈“¡“ ∑“¥â«¬¡ÕπÕ‡¡Õ√å ·≈–æàπ¥â«¬‡®Á∑¥â«¬‡®Á∑æ≈“¡“ ∑“¥â«¬¡ÕπÕ‡¡Õ√å ·≈–æàπ¥â«¬‡®

æ≈“¡“Õ’°§√—Èß ¬÷¥‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬µ—«‡Õß

Abstract 
 The purpose of this study was to evaluate 

the effects of various surface treatments on shear 

bond strength between heat-polymerized acrylic 

resin and autopolymerized acrylic resin. Seventy 

eight heat-polymerized acrylic resin specimens 

were divided into six groups according to their 

surface treatments as follows: 1) no surface 

treatment, 2) methylmethacrylate monomer 

application, 3) blasted with alumina particles, 4) 

plasma jet treatment, 5) plasma jet treatment and 

monomer application, 6) plasma jet treatment, 

monomer application and plasma jet treatment.  

∫∑«‘∑¬“°“√ 
Original Article 
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∫πæ◊Èπº‘«∑’Ë‡µ√’¬¡‰«â ∑¥Õ∫§à“·√ß¬÷¥‡©◊Õπ¥â«¬‡§√◊ËÕß

∑¥Õ∫“°≈ °“√«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫∑“ß

‡¥’¬«™’È„Àâ‡ÀÁπ«à“ °≈ÿà¡∑’Ëæàπ¥â«¬ºßÕ≈Ÿ¡‘π“„Àâ§à“‡©≈’Ë¬

·√ß¬÷¥‡©◊ÕπŸßÿ¥ °≈ÿà¡§«∫§ÿ¡·≈–°≈ÿà¡∑“¥â«¬¡Õπ

Õ‡¡Õ√å‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬”§—≠ °≈ÿà¡∑’Ëæàπ

¥â«¬‡®Á∑ æ≈“¡“∑ÿ°°≈ÿà¡¡’§à“‡©≈’Ë¬·√ß¬÷¥‡©◊ÕππâÕ¬

°«à“°≈ÿ à¡§«∫§ÿ¡·≈–°≈ÿ à¡æàπºßÕ≈Ÿ¡‘π“Õ¬à“ß¡’π—¬

”§—≠  

§””§—≠: ·√ß¬÷¥‡©◊Õπ ‡®Á∑æ≈“¡“ ‡√´‘πÕ–§√‘≈‘° 

An autopolymerized acrylic resin was applied to 

the treated surfaces. Shear bond strength tests 

were performed using a Universal Testing 

Machine. One-way ANOVA revealed that the 

group treated with alumina particles had the 

highest shear bond strength value. No significant 

difference was detected between the control 

group and the monomer application group.  The 

shear bond strength of every group treated with 

plasma jet was significantly lower than that of 

the control group and the group treated with 

alumina particles alone.   

Keywords: Shear bond strength, Plasma jet, 

Acrylic resin

∫∑π” 
 «—¥ÿª√–¥‘…∞å∞“πøíπ‡∑’¬¡∑’ Ë‰¥â√—∫§«“¡π‘¬¡„π

ªí®®ÿ∫—π ‰¥â·°à ‡√´‘π—ß‡§√“–Àå‡¡∑‘≈‡¡∑“§√‘‡≈µ ªí®®ÿ∫—π ‰¥â·°à ‡√´‘π—ß‡§√“–Àå‡¡∑‘≈‡¡∑“§√‘‡≈µ ªí®®ÿ∫—π ‰¥â·°à ‡√´‘π—

(synthetic methyl methacrylate) À√◊Õ∑’Ë‡√’¬°°—π«à“ 

‡√´‘πÕ–§√‘≈‘° ‡π◊ËÕß®“°¡’§ÿ≥¡∫—µ‘À≈“¬ª√–°“√∑’Ë

‡À¡“–¡”À√—∫°“√„™â„π™àÕßª“° ‰¥â·°à ¡’§«“¡·¢Áß

·√ß‡æ’¬ßæÕ °“√¥Ÿ¥πÈ”·≈–°“√≈–≈“¬πÈ”µË” ¡’‡∂’¬√-

¿“æ¢Õß¡‘µ‘‡ªìπ∑’Ëπà“æÕ„® „Àâ§«“¡«¬ß“¡ πÕ°®“°π’È

°“√√â“ß∞“πøíπ‡∑’¬¡‡√´‘πÕ–§√‘≈‘°·≈–°“√´àÕ¡∞“πøíπ

‡∑’¬¡‡√´‘πÕ–§√‘≈‘°∑’Ë·µ°À—°¬—ß“¡“√∂∑”‰¥âßà“¬ ‰¡àµâÕß

„™â‡§√◊ËÕß¡◊Õ∑’Ë¬ÿàß¬“° ´—∫´âÕπ À√◊Õ√“§“·æß(1)

 ·¡â«à“‡√´‘πÕ–§√‘≈‘°®–¡’§ÿ≥¡∫—µ‘∑’Ë¥’„π°“√∑”∞“π

øíπ‡∑’¬¡ ·µà°“√·µ°À—°¢Õßøíπ‡∑’¬¡‡√´‘π Õ–§√‘≈‘°‡ªìπ

‡Àµÿ°“√≥å∑’Ëæ∫‰¥â∫àÕ¬„π§≈‘π‘° ‚¥¬æ∫«à“‡°‘¥°“√·µ° 

À—°∑’Ë∞“πøíπ‡∑’¬¡∂÷ß√âÕ¬≈– 64(2) ·≈–æ∫°“√·µ°À—°´È”

À≈—ß°“√´àÕ¡¿“¬„π√–¬–‡«≈“ 3 ªï∂÷ß√âÕ¬≈– 68(3) °“√

·µ°À—°¢Õß∞“πøíπ‡∑’¬¡¡—°¡’“‡Àµÿ®“° °“√ÕÕ°·∫∫

øíπ‡∑’¬¡ ·≈– °“√‡≈◊Õ°«—¥ÿ∑’Ë‰¡à∂Ÿ°µâÕß(4) §«“¡‰¡à·π∫

π‘∑¢Õß∞“πøíπ‡∑’¬¡ °“√¢“¥°“√∫‰¥â¥ÿ≈ ·≈– °“√¡’π‘∑¢Õß∞“πøíπ‡∑’¬¡ °“√¢“¥°“√∫‰¥â¥ÿ≈ ·≈– °“√¡’π‘∑¢Õß∞“πøíπ‡∑’¬¡ °“√¢“¥°“√∫‰¥â¥ÿ≈ ·≈– °“√¡

·√ß¡“°√–∑”µàÕ∞“πøíπ‡∑’¬¡(5) °“√√â“ßøíπ‡∑’¬¡™‘Èπ

„À¡à·∑π™‘Èπ‡¥‘¡ºŸâªÉ«¬®–µâÕß‡’¬§à“„™â®à“¬∑’ËŸß µâÕß„™â

‡«≈“„π¢—ÈπµÕπ°“√∑” ·≈–°“√‰¡à¡’øíπ‡∑’¬¡„™âß“πÕ“®

∑”„ÀâºŸâªÉ«¬√Ÿâ÷°‰¡à–¥«°„π°“√‡§’È¬«Õ“À“√ À√◊Õ‡¢â“

—ß§¡ ¥â«¬‡Àµÿº≈‡À≈à“π’È®÷ß¡—°æ‘®“√≥“´àÕ¡øíπ‡∑’¬¡„Àâ

ºŸâªÉ«¬ ´÷ËßÕ“®‡ªìπ°“√´àÕ¡™—Ë«§√“« À√◊Õ∂“«√°Á‰¥â(4)

Õ¬à“ß‰√°Áµ“¡ ‡√´‘πÕ–§√‘≈‘°∑’Ëπ”¡“„™â´àÕ¡øíπ∞“π‡∑’¬¡

¡’À≈“¬™π‘¥ ‰¥â·°à ‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬µ—«‡Õß 

(autopolymerized) ™π‘¥∫à¡¥â«¬§«“¡√âÕπ (heat-

polymerized) ™π‘¥∫à¡¥â«¬·ß (light-polymerized)

·≈–™π‘¥∫à¡¥â«¬§≈◊Ëπ‰¡‚§√‡«ø (microwave-poly-

merized)(6) °“√‡≈◊Õ°„™â«—¥ÿ™π‘¥„¥¢÷ÈπÕ¬Ÿà°—∫°“√æ‘®“√≥“

ªí®®—¬¥â“πµà“ßÊ ‰¥â·°à √–¬–‡«≈“„π°“√´àÕ¡øíπ‡∑’¬¡ 

·√ß¥—¥¢«“ß (transverse strength) ·≈– °“√§ß§«“¡

‡∑’Ë¬ß¢Õß¡‘µ‘ (dimensional accuracy) „π¢≥–´àÕ¡ 

‡π◊ËÕß®“°‡ªìπ∑’Ë∑√“∫°—π¥’«à“°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘„π¢≥–∫à¡

∑”„Àâ‡√´‘πÕ–§√‘≈‘°¡’§ÿ≥¡∫—µ‘‡™‘ß°≈·≈–‡§¡’¥’¢÷ Èπ(6)  

¥—ßπ—Èπ‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬§«“¡√âÕπ ·≈–™π‘¥∫à¡

¥â«¬§≈◊Ëπ‰¡‚§√‡«ø®÷ß‡ªìπ«—¥ÿ´àÕ¡∞“πøíπ‡∑’¬¡∑’Ë„Àâ

§«“¡·¢Áß·√ß¡“°∑’Ëÿ¥ ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§«“¡·¢Áß

·√ßÀ≈—ß°“√´àÕ¡∞“πøíπ‡∑’¬¡¥â«¬‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡

¥â«¬§«“¡√âÕπ ™π‘¥∫à¡¥â«¬§≈◊Ëπ‰¡‚§√‡«ø ·≈–™π‘¥∫à¡

¥â«¬µ—«‡Õß°—∫¢Õß∞“πøíπ‡∑’¬¡∑’Ëª°µ‘ æ∫«à“„Àâ§«“¡

·¢Áß·√ß√âÕ¬≈– 75 ∂÷ß 80 √âÕ¬≈– 93 ∂÷ß 106 ·≈– √âÕ¬≈– 

60 ∂÷ß 65 µ“¡≈”¥—∫ ·¡â«à“«—¥ÿÕß™π‘¥·√°„Àâ§«“¡
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·¢Áß·√ß∑’Ë¥’·µàµâÕß„™â√–¬–‡«≈“„π°“√´àÕ¡π“π·≈–„™â

‡§√◊ËÕß¡◊ÕÀ≈“¬™π‘¥ ‡π◊ËÕß®“°¡’¢—ÈπµÕπ°“√≈ß‡∫â“À≈àÕ

·≈–°“√Õ—¥ Õ’°∑—Èß¬—ß¡’‚Õ°“‡°‘¥°“√∫‘¥‡∫’È¬«¢Õß∞“π

øíπ‡∑’¬¡Õ—π‡π◊ËÕß¡“®“°§«“¡√âÕπ‰¥â ¥—ßπ—Èπ°“√´àÕ¡∞“π

øíπ‡∑’¬¡¥â«¬‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬µ—«‡Õß·¡â®–¡’

§«“¡·¢Áß·√ßπâÕ¬°«à“(6) ·µà°Á‡ªìπ«—¥ÿ∑’Ë‡ªìπ∑’Ëπ‘¬¡¡“°

∑’Ëÿ¥‡π◊ËÕß®“°“¡“√∂„™â´àÕ¡øíπ‡∑’¬¡‰¥âßà“¬·≈–√«¥ 

‡√Á«(4) ·≈–ªí®®ÿ∫—π‰¥â¡’°“√æ—≤π“¢—ÈπµÕπ°“√´àÕ¡·≈– ·≈–ªí®®ÿ∫—π‰¥â¡’°“√æ—≤π“¢—ÈπµÕπ°“√´àÕ¡·≈– ·≈–ª

æ—≤π“«—¥ÿ„Àâ¡’§«“¡·¢Áß·√ß¡“°¢÷Èπ°«à“„πÕ¥’µ ‡™àπ 

°“√„™â§«“¡¥—πÕ“°“»√à«¡°—∫§«“¡√âÕπµË” (air pressure

and low heat) ‡æ◊ËÕ™à«¬≈¥°“√‡°‘¥√Ÿæ√ÿπÕ—π‡π◊ËÕß¡“®“°

°“√‡°‘¥ªØ‘°‘√‘¬“‡§¡’¢Õß«—¥ÿ àßº≈„Àâ°“√´àÕ¡∞“πøíπ

‡∑’¬¡¥â«¬‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬µ—«‡Õß¡’§«“¡·¢Áß

·√ß¡“°¢÷Èπ(6)

 ·¡â«à“‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬µ—«‡Õß‡ªìπ∑’Ëπ‘¬¡„™â

„π°“√´àÕ¡∞“πøíπ‡∑’¬¡∑’Ë‡°‘¥°“√·µ°À—° Õ¬à“ß‰√°Áµ“¡ 

¡—°æ∫‡¡Õ«à“øíπ‡∑’¬¡™‘ Èππ— Èπ¡—°‡°‘¥°“√·µ°À—°´È”

∫√‘‡«≥√Õ¬µàÕ¢Õß«—¥ÿ‡°à“·≈–„À¡à ‡π◊ËÕß®“°‡ªìπµ”·Àπàß

∑’Ë‡°‘¥·√ß‡§âπ–¡¡“°∑’Ëÿ¥‡¡◊ËÕ√—∫·√ß(5,7) ª√–°Õ∫°—∫

§«“¡·¢Áß·√ß¢Õß°“√¬÷¥µ‘¥∑’ËπâÕ¬√–À«à“ß‡√´‘πÕ–§√‘≈‘° 

™π‘¥∫à¡¥â«¬§«“¡√âÕπ„πà«π∑’Ë‡ªìπ∞“πøíπ‡∑’¬¡´÷Ëß‡°‘¥

‚§√ß√â“ßæÕ≈‘‡¡Õ√å∑’Ë¡∫Ÿ√≥å·≈â« (complete poly-

merization) °—∫‡√´‘πÕ–§√‘≈‘°∑’Ë∫à¡¥â«¬µ—«‡Õß ®÷ß‰¥â¡’

§«“¡æ¬“¬“¡∑’Ë®–À“«‘∏’°“√‡æ‘ Ë¡·√ß¬÷¥µ‘¥π’È¥â«¬«‘∏’§«“¡æ¬“¬“¡∑’Ë®–À“«‘∏’°“√‡æ‘ Ë¡·√ß¬÷¥µ‘¥π’È¥â«¬«‘∏’§«“¡æ¬“¬“¡∑’Ë®–À“«‘∏’°“√‡æ‘ Ë¡·√ß¬÷¥µ‘¥π’

°“√‡µ√’¬¡æ◊Èπº‘«¢Õß∞“πøíπ‡∑’¬¡(5) Õ“∑‘ «‘∏’∑“ß‡§¡’ 

‡™àπ °“√„™â §≈Õ‚√øÕ√å¡ ‡¡∑‘≈‡¡∑“§√‘‡≈µ¡ÕπÕ‡¡Õ√å 

Õ–´’‚µπ ·≈– ‡¡∑‘≈≈’π §≈Õ‰√¥å(4,8,9)Õ–´’‚µπ ·≈– ‡¡∑‘≈≈’π §≈Õ‰√¥å(4,8,9)Õ–´’‚µπ ·≈– ‡¡∑‘≈≈’π §≈Õ‰√¥å  «‘∏’∑“ß°≈ ‡™àπ °“√

‡æ‘Ë¡§«“¡¢√ÿ¢√–¢Õßæ◊Èπº‘«¥â«¬°“√æàπºßÕ≈Ÿ¡‘π“(4) °“√

°√Õº‘«∫√‘‡«≥√Õ¬µàÕ„Àâ¡’√Ÿª·∫∫µà“ßÊ(7) ·≈–«‘∏’∑“ß

øî‘°å‚¥¬„™â‡∑§‚π‚≈¬’æ≈“¡“ ´÷Ëßæ≈“¡“„π∑’Ëπ’ÈÀ¡“¬

∂÷ß¿“«–∑’Ë°ä“´·µ°µ—«‰ª‡ªìπ°ä“´∑’Ë¡’ª√–®ÿ ‚¥¬∑—Ë«‰ª

ª√–°Õ∫¥â«¬ª√–®ÿ∫«°·≈–ª√–®ÿ≈∫∑’Ë¡’§«“¡Àπ“·πàπ

‡∑à“°—π À√◊Õ°≈à“«‰¥â«à“‡ªìπ°≈ÿà¡¢ÕßÕ‘‡≈§µ√Õπ ‰ÕÕÕπ 

‚¡‡≈°ÿ≈ Õπÿ¡Ÿ≈Õ‘√– ·≈–Õ–µÕ¡„π∂“π–°√–µÿâπ(10)

‡¡◊ËÕª√—∫¿“æº‘«æÕ≈‘‡¡Õ√å¥â«¬æ≈“¡“ °àÕ„Àâ‡°‘¥º≈¥—ß

µàÕ‰ªπ’È 1) °“√∑”§«“¡–Õ“¥·≈–°”®—¥‘Ëßªπ‡ªóôÕπ∫π

æ◊Èπº‘«æÕ≈‘‡¡Õ√å 2) “¡“√∂ª√—∫‡ª≈’Ë¬πà«πª√–°Õ∫æ◊Èπ

º‘«‚¥¬°“√·µ°·√ß¬÷¥√–À«à“ß‚¡‡≈°ÿ≈¢ÕßæÕ≈‘‡¡Õ√å ®“°

π—Èπ∑”ªØ‘°‘√‘¬“°—∫Õ“πÿ¿“§„πæ≈“¡“ ∑”„Àâ§ÿ≥¡∫—µ‘

°“√‡ªï¬°πÈ”∫πæ◊Èπº‘« (surface wettability) ¥’¢÷Èπ 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‘«(11,12) √«¡∑—Èß 

4) “¡“√∂∑”„Àâ‡°‘¥™—Èπµ“¢à“¬ (cross-linking) „µâµàÕ

™—Èπº‘«æÕ≈‘‡¡Õ√å(11)™— Èπº‘«æÕ≈‘‡¡Õ√å(11)™— Èπº‘«æÕ≈‘‡¡Õ√å  ∑”„Àâæ◊Èπº‘«∑’Ëºà“π°“√ª√—∫¿“æ

æ√âÕ¡∑”ªØ‘°‘√‘¬“°—∫“√∑’Ëπ”¡“¬÷¥µ‘¥ 

 ®“°°“√∑∫∑«π«√√≥°√√¡ æ∫«à“¬—ß‰¡à¡’°“√»÷°…“

„¥∑’Ë‡ª√’¬∫‡∑’¬∫°“√‡æ‘Ë¡·√ß¬÷¥µ‘¥√–À«à“ß‡√´‘πÕ–§√‘≈‘°

™π‘¥∫à¡¥â«¬§«“¡√âÕπ·≈–‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬µ—«

‡Õß‚¥¬„™â«‘∏’∑“ß‡§¡’ ∑“ß°≈ ·≈–∑“ßøî‘°å ¥—ßπ—Èπß“π

«‘®—¬π’È®÷ß¡’«—µ∂ÿª√–ß§å‡æ◊ËÕ»÷°…“º≈¢Õß°“√ª√—∫¿“æ

æ◊Èπº‘«¥â«¬«‘∏’µà“ßÊ µàÕ·√ß¬÷¥‡©◊Õπ√–À«à“ß‡√´‘πÕ–§√‘≈‘

°™π‘¥∫à¡¥â«¬§«“¡√âÕπ°—∫‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬µ—«

‡Õß ‚¥¬¡’¡¡ÿµ‘∞“π«à“ß (null hypothesis) ¢Õß°“√

»÷°…“§◊Õ ·√ß¬÷¥‡©◊Õπ√–À«à“ß‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬

§«“¡√âÕπ∑’Ë„™â«‘∏’°“√ª√—∫¿“ææ◊Èπº‘«·∫∫µà“ßÊ °—∫‡√´‘π

Õ–§√‘≈‘°™π‘¥∫à¡¥â«¬µ—«‡Õß ‰¡àµà“ß°—πÕ¬à“ß¡’π—¬”§—≠ 

«—¥ÿÕÿª°√≥å·≈–«‘∏’°“√ 
     ‡µ√’¬¡™‘Èπ∑¥Õ∫‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬§«“¡

«—¥ÿÕÿª°√≥å·≈–«‘∏’°“√ 
     ‡µ√’¬¡™‘Èπ∑¥Õ∫‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬§«“¡

«—¥ÿÕÿª°√≥å·≈–«‘∏’°“√ 

√âÕπ®”π«π 78 ™‘Èπ  ‚¥¬π”∑àÕ«ß·À«π‚≈À–¢π“¥‡âπºà“

»Ÿπ¬å°≈“ß 19 ¡‘≈≈‘‡¡µ√ Ÿß 11 ¡‘≈≈‘‡¡µ√ ¡“Õ—¥¥â«¬¢’Èº÷Èß

’™¡æŸ„Àâ‡µÁ¡ π”™‘Èπ∑¥Õ∫‰ª≈ß‡∫â“À≈àÕ ·≈–µâ¡‰≈à¢’Èº÷Èß

ÕÕ°®πÀ¡¥ ·≈â«º¡‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬§«“¡

√âÕπ (Triplex®, ivoclar) µ“¡Õ—µ√“à«π∑’ËºŸâº≈‘µ·π–π” 

(æÕ≈‘‡¡Õ√å 23.4 °√—¡ µàÕ ¡ÕπÕ‡¡Õ√å 10 ¡‘≈≈‘≈‘µ√) Õ—¥„π

∑àÕ«ß·À«π„Àâ‡µÁ¡ ®“°π—Èππ”‰ª∫à¡¥â«¬Õÿ≥À¿Ÿ¡‘·≈–

‡«≈“µ“¡∑’Ë∫√‘…—∑ºŸâº≈‘µ·π–π” π”™‘Èπ∑¥Õ∫∑’Ë‰¥â¡“¢—¥

¥â«¬°√–¥“…∑√“¬®π∂÷ß‡∫Õ√å 1,200 ‚¥¬„™â‡§√◊ËÕß¢—¥™‘Èπ

∑¥Õ∫ (Grinder Polisher, MoPao 160E) ®“°π—Èπ„™â

¥‘πÕ«“¥«ß°≈¡¢π“¥‡âπºà“»Ÿπ¬å°≈“ß 5 ¡‘≈≈‘‡¡µ√

µ√ß°≈“ß™‘Èπ∑¥Õ∫ ·≈â«π”™‘Èπ∑¥Õ∫∑—ÈßÀ¡¥‰ª∑” 

§«“¡–Õ“¥¥â«¬‡§√◊ËÕßÕ—≈µ√“‚´π‘§ (ultrasonic) (Bio 

Sonic,UC 125) π“π 30 π“∑’ ‰¥â™‘Èπ∑¥Õ∫¥—ß√Ÿª∑’Ë 1  π“π 30 π“∑’ ‰¥â™‘Èπ∑¥Õ∫¥—ß√Ÿª∑’Ë 1  π“π 30 π“∑’ ‰¥â™
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√Ÿª∑’Ë 1  ·¥ß™‘Èπ∑¥Õ∫‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬§«“¡

√âÕπ∑’Ë‡µ√’¬¡‡√Á®·≈â« 
Figure 1 Illustration of prepared heat-polymerized 

acrylic resin specimen 

 ·∫àß™‘Èπ∑¥Õ∫ÕÕ°‡ªìπ 6 °≈ÿà¡Ê ≈– 13 ™‘Èπ ‚¥¬¡’

«‘∏’°“√ª√—∫¿“ææ◊Èπº‘«‡æ◊ËÕ¬÷¥°—∫‡√´‘πÕ–§√‘≈‘° ™π‘¥∫à¡

¥â«¬µ—«‡Õß ¥—ßπ’È °≈ÿà¡∑’Ë 1 ‰¡à¡’°“√ª√—∫¿“ææ◊Èπº‘«¥â«¬

«‘∏’„¥ (°≈ÿà¡§«∫§ÿ¡) °≈ÿà¡∑’Ë 2 ∑“‡¡∑‘≈‡¡∑“ §√‘‡≈µ  

¡ÕπÕ‡¡Õ√å (MMA,Unifast®, GC) ∫πæ◊Èπº‘«¢Õß™‘Èπ

∑¥Õ∫·≈â«∑‘Èß‰«â 180 «‘π“∑’ °≈ÿà¡∑’Ë 3 „™â«‘∏’æàπ¥â«¬ºß

Õ≈Ÿ¡‘π“ ¢π“¥ 50 ‰¡§√Õπ (TEC-LINE®) ¿“¬„µâ

§«“¡¥—π 0.5 bar ‚¥¬¡’√–¬–Àà“ß¢Õßª≈“¬À—«æàπ°—∫™‘Èπbar ‚¥¬¡’√–¬–Àà“ß¢Õßª≈“¬À—«æàπ°—∫™‘Èπbar

∑¥Õ∫ 30 ¡‘≈≈‘‡¡µ√ π“π 5 «‘π“∑’ °≈ÿà¡∑’Ë 4 „™â√–∫∫

æ≈“¡“§«“¡¥—π∫√√¬“°“» ª√—∫¿“æµ√ß°÷Ëß°≈“ß¢Õß

™‘Èπ∑¥Õ∫¥â«¬‡®Á∑ æ≈“¡“∑’Ë‡Àπ’Ë¬«π”¥â«¬√–∫∫§«“¡

µà“ß»—°¬å‰øøÑ“Ÿß ‚¥¬„™â°ä“´Õ“√å°Õπ 14.28% º¡°—∫

Õ“°“» 85.72% ‚¥¬„™â»—°¬å‰øøÑ“ 25 ‚«≈µå §«“¡∂’Ë 56 

°‘‚≈‡Œ‘√µ´å ‚¥¬¡’√–¬–Àà“ß¢Õßª≈“¬°√–∫Õ°‡®Á∑°—∫™‘Èπ

∑¥Õ∫ 0.5 ¡‘≈≈‘‡¡µ√ π“π  180 «‘π“∑’ (√Ÿª∑’Ë 2) °≈ÿà¡∑’Ë ∑¥Õ∫ 0.5 ¡‘≈≈‘‡¡µ√ π“π  180 «‘π“∑’ (√Ÿª∑’Ë 2) °≈ÿà¡∑’Ë ∑¥Õ∫ 0.5 ¡

5 „™â°“√ª√—∫¿“æ¥â«¬‡®Á∑ æ≈“¡“‡™àπ‡¥’¬«°—∫°≈ÿà¡∑’Ë 

4 ·≈â«µ“¡¥â«¬°“√∑“‡¡∑‘≈‡¡∑“§√‘‡≈µ ¡ÕπÕ‡¡Õ√å ∑‘Èß

‰«â 180 «‘π“∑’ ·≈– °≈ÿà¡∑’Ë 6 ª√—∫¿“æº‘«¥â«¬‡®Á∑ 

æ≈“¡“·≈â«µ“¡¥â«¬°“√∑“‡¡∑‘≈‡¡∑“§√‘‡≈µ ¡ÕπÕ-

‡¡Õ√å ®“°π—Èπª√—∫¿“æº‘«¥â«¬‡®Á∑ æ≈“¡“Õ’°§√—Èß  

 π”‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬µ—«‡Õß (Unifast®, 

GC) ¡“¬÷¥°—∫™‘Èπ∑¥Õ∫®”π«π 8 ™‘Èπ„π·µà≈–°≈ÿà¡ 

¥â«¬°“√„àºß‡¡∑‘≈‡¡∑“§√‘‡≈µ ·≈–‡¡∑‘≈‡¡∑“§√‘‡≈µ 

¡ÕπÕ‡¡Õ√å∑’≈–πâÕ¬≈—∫°—π (sprinkle-on technique)

‚¥¬„™â·ºàπ¢’Èº÷ Èß’™¡æŸ∑’Ë‡®“–√Ÿµ√ß°≈“ß„Àâ¡’¢π“¥‡âπ

ºà“π»Ÿπ¬å°≈“ß 3.6 ¡‘≈≈‘‡¡µ√ Ÿß 2 ¡‘≈≈‘‡¡µ√‡ªìπ·¡à

·∫∫„π°“√¢÷Èπ√Ÿª À≈—ß®“°‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬µ—«

‡Õß‡µÁ¡·¡à·∫∫·≈–·¢Áßµ—«‡µÁ¡∑’Ë ®÷ßπ”·ºàπ¢’Èº÷ÈßÕÕ° ®–

‰¥â™‘Èπß“π¥—ß√Ÿª∑’Ë 3 

√Ÿª∑’Ë 3 ·¥ß™‘Èπ∑¥Õ∫∑’Ë∂Ÿ°¬÷¥¥â«¬‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡√Ÿª∑’Ë 3 ·¥ß™‘Èπ∑¥Õ∫∑’Ë∂Ÿ°¬÷¥¥â«¬‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡√Ÿª∑’Ë 3

¥â«¬µ—«‡Õß 
Figure 3 Illustration of autopolymerized acrylic  Illustration of autopolymerized acrylic  Illustration of autopolymerized acr

resin applied on the specimen 

 ‡°Á∫™‘Èπ∑¥Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π 72 ™—Ë«‚¡ß ·≈â«

π”¡“∑¥Õ∫À“§à“§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ¥â«¬‡§√◊ ËÕß

∑¥Õ∫“°≈ (Universal Testing Machine) (Instron®)

°”Àπ¥§à“§«“¡‡√Á«À—«°¥ 0.5 ¡‘≈≈‘‡¡µ√ µàÕπ“∑’ ∫—π∑÷°

º≈°“√∑¥Õ∫§à“·√ß¬÷¥‡©◊Õπ¢Õß™‘Èπ∑¥Õ∫·µà≈–™‘Èπ„π

Àπà«¬‡¡°–ª“§“≈ (MPa) ·≈â«π”§à“‡©≈’Ë¬·√ß¬÷¥‡©◊Õπ

¢Õß°≈ÿà¡∑¥Õ∫·µà≈–°≈ÿà¡¡“«‘‡§√“–Àå∑“ß∂‘µ‘ ‚¥¬„™â

°“√«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫∑“ß‡¥’¬« (1-way

ANOVA) ·≈â«∑¥Õ∫‡™‘ß´âÕπ¥â«¬«‘∏’∑Ÿ°’ ∑’Ë§à“§«“¡‡™◊ËÕ

¡—Ëπ√âÕ¬≈– 95 (Tukey multiple comparison test  

√Ÿª∑’Ë 2 ·¥ß≈”‡®Á∑ æ≈“¡“ ·≈–°“√ª√—∫¿“ææ◊Èπº‘«™‘Èπ√Ÿª∑’Ë 2 ·¥ß≈”‡®Á∑ æ≈“¡“ ·≈–°“√ª√—∫¿“ææ◊Èπº‘«™‘Èπ√Ÿª∑’Ë 2

∑¥Õ∫¥â«¬‡®Á∑ æ≈“¡“ 
Figure 2 Illustration of jet plasma beam and 

surface treatment of the specimen by jet 

plasma 
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(p < .05)) ®“°π—Èππ”™‘Èπ∑¥Õ∫∑’Ëºà“π°“√«—¥§à“·√ß¬÷¥

‡©◊Õπ¥â«¬‡§√◊ËÕß∑¥Õ∫“°≈ ‰ªµ√«®Õ∫√Ÿª·∫∫§«“¡

≈â¡‡À≈«¢Õß°“√¬÷¥µ‘¥ (mode of failure) ¥â«¬°≈âÕß 

‡µÕ√‘‚Õ‰¡‚§√‚§ª (Stereomicroscope) (Olympus®

SZX12) ‡æ◊ËÕ·¬°ª√–‡¿∑¢Õß°“√·µ°À—°«à“‡ªìπ °“√

·µ°À—°„πà«π¢Õß‡√´‘πÕ–§√‘≈‘°¥â“π„¥¥â“πÀπ÷Ëß (cohe- 

sive failure) À√◊Õ‡ªìπ°“√·µ°À—°∫√‘‡«≥√Õ¬µàÕ¢Õß

‡√´‘πÕ–§√‘≈‘°∑—ÈßÕß™π‘¥ (adhesive failure) À√◊Õ‡°‘¥

¢÷Èπ∑—ÈßÕß·∫∫√à«¡°—π (mix type)

 π”™‘Èπß“π∑’Ëª√—∫¿“ææ◊Èπº‘«·µà≈–·∫∫®”π«π 5 

™‘Èπ„π·µà≈–°≈ÿà¡∑¥≈Õß ¡“∑¥Õ∫§ÿ≥¡∫—µ‘°“√‡ªï¬°

πÈ”∫πæ◊Èπº‘« ‚¥¬°“√À¬¥πÈ”¥â«¬‰¡‚§√ªî‡ªµ (socorex, 

Switzerland) ª√‘¡“µ√ 10 ‰¡‚§√≈‘µ√ ∫πº‘«™‘Èπ∑¥Õ∫

·µà≈–™‘Èπ „Àâ√–¬–Àà“ß¢Õßª≈“¬‰¡‚§√ªî‡ªµ°—∫™‘Èπ∑¥Õ∫

§ß∑’Ë 2 ‡´πµ‘‡¡µ√µ≈Õ¥°“√∑¥≈Õß „™â°≈âÕß∂à“¬¿“æ

¥‘®‘µÕ≈¢π“¥§«“¡¬“«‚ø°—¢Õß‡≈π´å 125 ¡‘≈≈‘‡¡µ√ 

∂à“¬√ŸªÀ¬¥πÈ”·µà≈–À¬¥¿“¬„π‡«≈“ 10 «‘π“∑’ À≈—ß°“√

À¬¥ ‚¥¬„Àâ√–¬–√–À«à“ßÀ¬¥πÈ”°—∫°≈âÕß§ß∑’Ë 35 ‡´πµ‘-

‡¡µ√µ≈Õ¥°“√∑¥≈Õß π”¿“æ∑’Ë‰¥â‰ª«—¥¡ÿ¡—¡º—∑—Èß

Õß¢â“ß¢ÕßÀ¬¥πÈ”¥â«¬‚ª√·°√¡ ÕÕ‚µ·§µ (Auto 

Cad2007 (Autodesk Inc., USA)) (√Ÿª∑’Ë 4) ®“°π—Èππ”

º≈∑’Ë‰¥â¡“À“§à“‡©≈’Ë¬¡ÿ¡—¡º—¢Õß·µà≈–°≈ÿà¡  

√Ÿª∑’Ë 4 ·¥ß°“√«—¥¡ÿ¡—¡º—¢ÕßÀ¬¥πÈ”∫πº‘«™‘Èπ√Ÿª∑’Ë 4 ·¥ß°“√«—¥¡ÿ¡—¡º—¢ÕßÀ¬¥πÈ”∫πº‘«™‘Èπ√Ÿª∑’Ë 4 ∑¥Õ∫

¥â«¬‚ª√·°√¡ ÕÕ‚µ·§µ   
Figure 4 Illustration of the contact angle Figure 4 Illustration of the contact angle Figure 4

measurement of water droplet by 

AutoCAD program 

º≈°“√«‘®—¬ 
 §à“‡©≈’Ë¬·√ß¬÷¥‡©◊Õπ (MPa) ¢Õß·µà≈–°≈ÿà¡∑¥Õ∫

·¥ß„π√Ÿª∑’Ë 5 ·≈–µ“√“ß∑’Ë 1 ®“°°“√∑¥Õ∫¥â«¬°“√

«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫®”·π°∑“ß‡¥’¬« (1-way 

ANOVA) ·≈–°“√∑¥Õ∫∑Ÿ°’ æ∫«à“  ·√ß¬÷¥‡©◊Õπ„π

°≈ÿà¡∑’Ë 3 (æàπ¥â«¬ºßÕ≈Ÿ¡‘π“) ¡’§à“¡“°°«à“§à“·√ß¬÷¥

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

√âÕ¬≈– 95  ·≈–§à“·√ß¬÷¥‡©◊Õπ„π°≈ÿà¡∑’Ë 2 (∑“¥â«¬‡¡∑‘≈

‡¡∑“§√‘‡≈µ ¡ÕπÕ‡¡Õ√å) ‰¡à·µ°µà“ß®“°°≈ÿà¡∑’Ë 1 (°≈ÿà¡

§«∫§ÿ¡) Õ¬à“ß¡’π—¬”§—≠  ·√ß¬÷¥‡©◊Õπ„π°≈ÿà¡∑’Ë 4 

(ª√—∫¿“ææ◊Èπº‘«¥â«¬‡®Á∑ æ≈“¡“) °≈ÿà¡∑’Ë 5 (ª√—∫

¿“ææ◊Èπº‘«¥â«¬‡®Á∑æ≈“¡“·≈â«∑“¥â«¬‡¡∑‘≈‡¡∑“§√‘

‡≈µ ¡ÕπÕ‡¡Õ√å) ·≈–°≈ÿà¡∑’Ë 6 (ª√—∫¿“æº‘«¥â«¬‡®Á∑ 

æ≈“¡“ ∑“¥â«¬‡¡∑‘≈‡¡∑“§√‘‡≈µ ¡ÕπÕ‡¡Õ√å·≈–‡®Á∑

æ≈“¡“Õ’°§√—ÈßÀπ÷Ëß) ·µ°µà“ß®“° °≈ÿà¡∑’Ë 1 ·≈– °≈ÿà¡∑’Ë 

3 Õ¬à“ß¡’π—¬”§—≠  ·µà‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡∑’Ë 2 

°≈—∫æ∫«à“‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬”§—≠∑’Ë√–¥—∫

§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫·√ß¬÷¥‡©◊Õπ„π

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

(°≈ÿà¡∑’Ë 4, 5 ·≈– 6) ‰¡àæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬

”§—≠∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 

√Ÿª∑’Ë 5 °√“ø·¥ß§à“‡©≈’ Ë¬·√ß¬÷¥‡©◊Õπ¢Õß·µà≈–°≈ÿ à¡√Ÿª∑’Ë 5 °√“ø·¥ß§à“‡©≈’ Ë¬·√ß¬÷¥‡©◊Õπ¢Õß·µà≈–°≈ÿ à¡√Ÿª∑’Ë 5

∑¥≈Õß 
Figure 5 Mean of shear bond strength values of Figure 5 Mean of shear bond strength values of Figure 5

each experimental group 
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 ®“°°“√µ√«®≈—°…≥–æ◊Èπº‘«‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡

¥â«¬§«“¡√âÕπ À≈—ß‡°‘¥§«“¡≈â¡‡À≈«¢Õß°“√¬÷¥µ‘¥¥â«¬

°≈âÕß‡µÕ√‘‚Õ‰¡‚§√‚§ª æ∫«à“°≈ÿà¡∑’Ë 1 ¡’≈—°…≥–

§«“¡≈â¡‡À≈«¢Õß°“√¬÷¥µ‘¥à«π„À≠à‡ªìπ·∫∫·Õ¥Œ’´’æ 

·µà¡’‡æ’¬ßÀπ÷Ëß™‘Èπ∑’Ëæ∫§«“¡≈â¡‡À≈«™π‘¥‚§Œ’´’æ„π‡π◊ÈÕ

‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬§«“¡√âÕπ °≈ÿà¡∑’Ë 2, 4, 5 ·≈– 

6 æ∫≈—°…≥–§«“¡≈â¡‡À≈«¢Õß°“√¬÷¥µ‘¥™π‘¥·Õ¥Œ’´’æ

„π∑ÿ°™‘Èπ (√Ÿª∑’Ë 6) ·≈–°≈ÿà¡∑’Ë 3 æ∫≈—°…≥–æ◊Èπº‘«·∫∫

‚§Œ’´’æ„π‡π◊ÈÕ‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬µ—«‡Õß (√Ÿª∑’Ë 7) 

√Ÿª∑’Ë 6 ·¥ß≈—°…≥–§«“¡≈â¡‡À≈«¢Õß°“√¬÷¥µ‘¥™π‘¥·Õ¥√Ÿª∑’Ë 6 ·¥ß≈—°…≥–§«“¡≈â¡‡À≈«¢Õß°“√¬÷¥µ‘¥™π‘¥·Õ¥√Ÿª∑’Ë 6

Œ’´’æ 
Figure 6 Illustration of mode of failure; adhesive Figure 6 Illustration of mode of failure; adhesive Figure 6

type 

√Ÿª∑’Ë 7 ·¥ß≈—°…≥–§«“¡≈â¡‡À≈«¢Õß°“√¬÷¥µ‘¥™π‘¥‚§√Ÿª∑’Ë 7 ·¥ß≈—°…≥–§«“¡≈â¡‡À≈«¢Õß°“√¬÷¥µ‘¥™π‘¥‚§√Ÿª∑’Ë 7

Œ’´’æ 
Figure 7 Illustration of mode of failure; cohesive 

type 

 ®“°°“√«‘‡§√“–Àå§à“‡©≈’Ë¬¡ÿ¡—¡º—¢ÕßÀ¬¥πÈ”·≈–

§à“‡©≈’Ë¬·√ß¬÷¥‡©◊Õπ (µ“√“ß∑’Ë 2)  æ∫«à“°≈ÿà¡∑’Ë¡’§à“‡©≈’Ë¬

¡ÿ¡—¡º—¢ÕßÀ¬¥πÈ”πâÕ¬ÿ¥ (°≈ÿà¡∑’Ë 6) ‰¡à‰¥â¡’§à“‡©≈’Ë¬

·√ß¬÷¥‡©◊Õπ¡“°∑’Ëÿ¥ ·µà„π∑“ß°≈—∫°—π™‘Èπß“π°≈ÿà¡∑’Ë¡’

§à“‡©≈’Ë¬¡ÿ¡—¡º—¢ÕßÀ¬¥πÈ”Ÿßÿ¥ (°≈ÿà¡∑’Ë 3) °≈—∫‡ªìπ 

°≈ÿà¡∑’Ë¡’§à“‡©≈’Ë¬·√ß¬÷¥‡©◊Õπ¡“°∑’Ëÿ¥ ·≈–æ∫«à“°≈ÿà¡∑’Ë °≈ÿà¡∑’Ë¡’§à“‡©≈’Ë¬·√ß¬÷¥‡©◊Õπ¡“°∑’Ëÿ¥ ·≈–æ∫«à“°≈ÿà¡∑’Ë °≈ÿà¡∑’Ë¡

6 ·≈–°≈ÿà¡∑’Ë 4 ¡’§à“‡©≈’Ë¬¡ÿ¡—¡º—¢ÕßÀ¬¥πÈ”„°≈â‡§’¬ß

°—π „π¢≥–∑’Ë°≈ÿà¡∑’Ë 2, 3 ·≈– 5 ¡’§à“‡©≈’Ë¬¡ÿ¡—¡º—¢Õß

À¬¥πÈ”„°≈â‡§’¬ß°—π 

µ“√“ß∑’Ë 1 §à“‡©≈’Ë¬·√ß¬÷¥‡©◊Õπ (‡¡°–ª≈“§“≈) ·≈–à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß·µà≈–°≈ÿà¡∑¥≈Õß 
Table 1 Mean of shear bond strength values in MPa and standard deviations of each experimental group. 

°≈ÿà¡µ—«Õ¬à“ß Mean (MPa) 

°≈ÿà¡∑’Ë 1 (°≈ÿà¡§«∫§ÿ¡) 15.15 (±0.74)a

°≈ÿà¡∑’Ë 2 (∑“‡¡∑‘≈‡¡∑“§√‘‡≈µ ¡ÕπÕ‡¡Õ√å) 13.23 (±2.73)ab

°≈ÿà¡∑’Ë 3 (æàπºßÕ≈Ÿ¡‘π“) 19.65 (±1.81)c

°≈ÿà¡∑’Ë 4 (‡®Á∑ æ≈“¡“) 12.15 (±1.65)b

°≈ÿà¡∑’Ë 5 (‡®Á∑ æ≈“¡“ ·≈–∑“‡¡∑‘≈‡¡∑“§√‘‡≈µ ¡ÕπÕ‡¡Õ√å) 11.09 (±2.49)b

°≈ÿà¡∑’Ë 6 (‡®Á∑ æ≈“¡“ ∑“‡¡∑‘≈‡¡∑“§√‘‡≈µ ¡ÕπÕ‡¡Õ√å·≈–‡®Á∑æ≈“¡“Õ’°§√—ÈßÀπ÷Ëß) 10.42 (±1.60)b

Õ—°…√µ—«¬°∑’Ëµà“ß°—π·¥ß«à“¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬”§—≠∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95

Differences in letter of superscript denote significant differences at p <0.05  
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∫∑«‘®“√≥å 
 °“√∑’Ë§à“‡©≈’Ë¬·√ß¬÷¥‡©◊Õπ¢Õß°≈ÿà¡∑’Ëª√—∫¿“ææ◊Èπ

º‘«¥â«¬°“√æàπºßÕ≈Ÿ¡‘π“¡’§à“Ÿß∑’Ëÿ¥ ‡π◊ËÕß®“°°“√æàπ

¥â«¬ºßÕ≈Ÿ¡‘π“∑”„Àâ‡°‘¥§«“¡¢√ÿ¢√–„π√–¥—∫‰¡§√Õπ∫π

æ◊Èπº‘«àßº≈„Àâ¡’æ◊Èπ∑’Ëº‘«„π°“√¬÷¥µ‘¥¡“°¢÷Èπ ´÷Ëß°“√

∑¥≈Õß¢Õß Minami ·≈–§≥–(8) æ∫«à“°“√æàπºßÕ≈Ÿ¡‘π“

∑”„Àâ‡°‘¥‡°‘¥≈—°…≥–à«π§Õ¥∫πæ◊Èπº‘«®÷ß∑”„Àâ‡°‘¥°“√

¬÷¥µ‘¥‡™‘ß°≈∑’Ë¥’¢÷Èπ º≈∑’Ë‰¥â®“°ß“π«‘®—¬π’ÈÕ¥§≈âÕß°—∫

®“°º≈°“√∑¥≈Õß‡™‘ß°≈Õ◊ËπÊ ´÷Ëßæ∫«à“°“√‡æ‘Ë¡°“√¬÷¥

µ‘¥¥â«¬«‘∏’‡™‘ß°≈¡—°‡ªìπ«‘∏’∑’Ë„Àâ§à“°“√¬÷¥µ‘¥Ÿßÿ¥  

 °“√»÷°…“∑’Ëºà“π¡“·π–π”„Àâ„™â‡¡∑‘≈‡¡∑“§√‘‡≈µ 

∑“∑’Ëº‘«∞“πøíπ‡∑’¬¡°àÕπ¬÷¥¥â«¬‡√´‘πÕ–§√‘≈‘° ™π‘¥∫à¡

¥â«¬µ—«‡Õß‡æ◊ËÕ„Àâ°“√¬÷¥µ‘¥¥’¢÷Èπ ´÷Ëß°“√∑“¡ÕπÕ‡¡Õ√å 

∑”„Àâ‡°‘¥°“√≈–≈“¬º‘«¢ÕßæÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ∫“ß

à«π®÷ß∑”„Àâ‡°‘¥≈—°…≥–√Ÿæ√ÿπ§≈â“¬°“√°—¥¥â«¬°√¥ 

(etching) àßº≈„Àâæ◊Èπ∑’Ëº‘«„π°“√¬÷¥µ‘¥‡æ‘Ë¡¢÷Èπ ·≈–

∑”„Àâ‡°‘¥°“√¬÷¥µ‘¥‡™‘ß°≈‡°‘¥¢÷Èπ(9) ·¡â«à“®–¡’ºŸâ°≈à“«∂÷ß

°“√‡°‘¥ªØ‘°‘√‘¬“‡§¡’√–À«à“ß‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬

§«“¡√âÕπ°—∫‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬µ—«‡ÕßÀ≈—ß®“°

ª√—∫¿“ææ◊Èπº‘«¥â«¬‡¡∑‘≈‡¡∑“§√‘‡≈µ ¡ÕπÕ‡¡Õ√å(9)¿“ææ◊Èπº‘«¥â«¬‡¡∑‘≈‡¡∑“§√‘‡≈µ ¡ÕπÕ‡¡Õ√å(9)¿“ææ◊Èπº‘«¥â«¬‡¡∑‘≈‡¡∑“§√‘‡≈µ ¡ÕπÕ‡¡Õ√å  ·µà

°Á¬—ß‰¡àæ∫«à“¡’°“√»÷°…“„¥“¡“√∂«à“æ‘Ÿ®πå«à“‡°‘¥

ªØ‘°‘√‘¬“‡§¡’¢÷Èπ®√‘ß Vallittu ·≈–§≥–(9) æ∫«à“°“√∑“

º‘«‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬§«“¡√âÕπ¥â«¬‡¡∑‘≈‡¡∑“- 

§√‘‡≈µ ¡ÕπÕ‡¡Õ√å ‡ªìπ‡«≈“ 180 «‘π“∑’°àÕπ¬÷¥¥â«¬‡√´‘π

Õ–§√‘≈‘°™π‘¥∫à¡¥â«¬µ—«‡Õß „Àâ§à“°“√¬÷¥µ‘¥Ÿßÿ¥‡¡◊ËÕ

‡∑’¬∫°—∫°“√∑“‡ªìπ‡«≈“ 5, 30 ·≈– 60 «‘π“∑’ ¥—ßπ—Èπ„π

ß“π«‘®—¬π’È®÷ß‡≈◊Õ°∑“‡¡∑∑‘≈‡¡∑“§√‘‡≈µ ¡ÕπÕ‡¡Õ√å ‡ªìπß“π«‘®—¬π’È®÷ß‡≈◊Õ°∑“‡¡∑∑‘≈‡¡∑“§√‘‡≈µ ¡ÕπÕ‡¡Õ√å ‡ªìπß“π«‘®—¬π’È®÷ß‡≈◊Õ°∑“‡¡∑∑‘≈‡¡∑“§√‘‡≈µ ¡ÕπÕ‡¡Õ√å ‡ª

‡«≈“ 180 «‘π“∑’°àÕπ¬÷¥¥â«¬‡√´‘πÕ–§√‘≈‘° ™π‘¥∫à¡¥â«¬

µ—«‡Õß ·µà°≈—∫æ∫«à“§à“‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ¢Õß

°≈ÿà¡∑“‡¡∑‘≈‡¡∑“§√‘‡≈µ ¡ÕπÕ‡¡Õ√å ‰¡à·µ°µà“ßÕ¬à“ß¡’

π—¬”§—≠‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ Õ“®‡π◊ËÕß¡“®“°∑“

‡¡∑‘≈‡¡∑“§√‘‡≈µÀπ“¡“°‡°‘π‰ªàßº≈„Àâ‡°‘¥≈—°…≥–

§≈â“¬·ºàπøî≈å¡‡§≈◊Õ∫∫πº‘«´÷ Ëß¢ —¥¢«“ß°“√¬÷¥µ‘¥ 

πÕ°®“°π’È Shen ·≈–§≥–(7) °≈à“««à“ ¡ÕπÕ‡¡Õ√å‰¡à¡’

ª√–‘∑∏‘¿“æ¡“°æÕ∑’Ë®–°”®—¥‘Ëß°ª√°∫πæ◊Èπº‘«·≈–

‰¡à“¡“√∂√â“ß„Àâ‡°‘¥≈—°…≥–æ◊Èπº‘«∑’Ëæ√âÕ¡„π°“√¬÷¥

µ‘¥ ¥â«¬‡Àµÿº≈‡À≈à“π’È®÷ßàßº≈„Àâº≈°“√∑¥≈Õßπ’È‰¡à

Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß∑’Ëºà“π¡“ 

 „π°≈ÿà¡∑’Ë 4, 5 ·≈– 6 ∑’Ë¡’°“√ª√—∫¿“ææ◊Èπº‘«¥â«¬

‡®Á∑æ≈“¡“ √à«¡°—∫°“√∑“·≈–‰¡à∑“¥â«¬‡¡∑‘≈‡¡∑“- 

§√‘‡≈µ ¡ÕπÕ‡¡Õ√åæ∫«à“¡’§à“·√ß¬÷¥‡©◊ÕπµË”°«à“°≈ÿà¡

§«∫§ÿ¡Õ¬à“ß¡’π—¬”§—≠ ´÷Ëß„π∑“ß∑ƒ…Ø’·≈â« æ◊Èπº‘«∑’Ë

ºà“π°“√ª√—∫¿“æ¥â«¬‡®Á∑æ≈“¡“®–¡’§«“¡–Õ“¥ 

·≈–¡’§«“¡æ√âÕ¡„π°“√∑”ªØ‘°√‘¬“¥—ß‰¥â°≈à“«‰«â„πµÕπ

µâπ πÕ°®“°π’È°“√ª√—∫¿“æº‘«æÕ≈‘‡¡Õ√å¥â«¬æ≈“¡“

¬—ßª√—∫ª√ÿß§ÿ≥¡∫—µ‘§«“¡™Õ∫πÈ”¢Õßæ◊Èπº‘« (hydro-

philicity) ‰¥â¥’¢÷Èπ¥â«¬°“√√â“ßÀ¡Ÿàøíß™—Ëπ (functional 

groups) ‰¥â·°à C=O(13) ·≈– -OH(14) ∫πº‘«æÕ≈‘‡¡Õ√å 

´÷ËßÕ¥§≈âÕß°—∫°“√»÷°…“¢Õß Hook ·≈–§≥–Hook ·≈–§≥–Hook (15) ∑’Ë

√“¬ß“πº≈¢Õß°“√„™â æ≈“¡“¢Õß°ä“´Õ“√å°Õπ√à«¡°—∫

πÈ” ª√—∫æ◊Èπº‘«¢ÕßæÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ æ∫«à“∑”„Àâ

‡°‘¥À¡Ÿà‰Œ¥√Õ°´‘≈ (hydroxyl group) ¢÷Èπ∫πæ◊Èπº‘« ·≈–

‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß‚§√ß√â“ß∫√‘‡«≥º‘«™—Èπ∫πÿ¥ ·≈–

∫√‘‡«≥„µâ™—Èπº‘«≈÷°≈ß‰ª 20 π“‚π‡¡µ√ ·µàÕ¬à“ß‰√°Áµ“¡

µ“√“ß∑’Ë 2 §à“‡©≈’Ë¬¡ÿ¡—¡º—¢ÕßÀ¬¥πÈ”·≈–§à“‡©≈’Ë¬·√ß¬÷¥‡©◊Õπ (‡¡°–ª≈“§“≈) ¢Õß·µà≈–°≈ÿà¡∑¥≈Õß 

Table 2 Mean of contact angle of water droplet and mean of shear bond strength values in MPa of each 

experimental group 

°≈ÿà¡∑¥≈Õß §à“‡©≈’Ë¬¡ÿ¡—¡º—¢ÕßÀ¬¥πÈ” (Õß»“) §à“‡©≈’Ë¬·√ß¬÷¥‡©◊Õπ (‡¡°–ª“§“≈) 

°≈ÿà¡∑’Ë 1 68.7 15.15 (±0.74) 

°≈ÿà¡∑’Ë 2 76.7 13.23 (±2.73) 

°≈ÿà¡∑’Ë 3 77.6 19.65 (±1.81) 

°≈ÿà¡∑’Ë 4 40.4 12.15 (±1.65) 

°≈ÿà¡∑’Ë 5 78.9 11.09 (±2.49) 

°≈ÿà¡∑’Ë 6 38.4 10.42 (±1.60)
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æ∫«à“¿“¬„µâ°“√„™âæ≈“¡“«‘∏’π’È ∑”„Àâæ◊Èπº‘«¢ÕßæÕ≈‘

‡¡∑‘≈‡¡∑“§√‘‡≈µ‡°‘¥°“√‡◊ËÕ¡¿“æ (surface degra-

dation) √à«¡¥â«¬ ·≈–®“°°“√»÷°…“¢Õß Kitova ·≈–

§≥–(16) ‚¥¬„™âæ≈“¡“¢Õß°ä“´Õ“√å°Õπ√à«¡°—∫‰ÕπÈ” 

(Ar/H
2
O) ·≈– °ä“´Õ“√å°Õπ√à«¡°—∫‡Õ∑“πÕ≈ (Ar/

C
2
H

5
OH) ª√—∫¿“æº‘«æÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µæ∫«à“

æ≈—ßß“πæ◊Èπº‘« (surface energy) ¡’§à“‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß®“°

¡’°“√‡æ‘Ë¡§«“¡¡’¢—È«¢Õß‚¡‡≈°ÿ≈∫πº‘«æÕ≈‘‡¡∑‘≈‡¡∑“-

§√‘‡≈µ ·≈–¡’§à“¡ÿ¡—¡º—À¬¥πÈ”≈¥≈ßÕ¬à“ß¡“° ·µà

°≈—∫æ∫«à“‰¡à—¡æ—π∏å°—∫§à“·√ß¬÷¥√–À«à“ß‚¡‡≈°ÿ≈ 

(dispersion force) ∑’Ë«—¥‰¥â ·¥ß«à“§à“·√ß¬÷¥√–À«à“ß

‚¡‡≈°ÿ≈ ‰¡à‰¥â·ª√º—πµ“¡§«“¡¡’¢—È«∑’Ë‡æ‘Ë¡¢÷Èπ∫πæ◊Èπº‘«

«—¥ÿ  ´÷ËßÕ¥§≈âÕß°—∫°“√»÷°…“„π§√—Èßπ’È∑’Ëæ∫«à“ °≈ÿà¡∑’Ë

„™âæ≈“¡“ª√—∫¿“ææ◊Èπº‘«¡’§à“¡ÿ¡—¡º—À¬¥πÈ”≈¥≈ß

‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡Õ◊ËπÊ ·µà°Áæ∫«à“§à“·√ß¬÷¥‡©◊Õπ≈¥≈ß

¥â«¬ “‡ÀµÿÕ“®‡π◊ËÕß¡“®“°æ◊Èπº‘«¢ÕßæÕ≈‘‡¡∑‘≈‡¡∑“- 

§√‘‡≈µ·≈–™— Èπ∑’ Ë≈ ÷°≈ß‰ª„π√–¥—∫π“‚π‡¡µ√‡°‘¥°“√

‡ª≈’Ë¬π·ª≈ß‚§√ß√â“ß ‡°‘¥°“√∑”≈“¬æ—π∏–·≈–·√ß¬÷¥

√–À«à“ß‚¡‡≈°ÿ≈∑”„Àâ·√ß¬÷¥√–À«à“ß‚¡‡≈°ÿ≈¡’§à“≈¥≈ß(16)

®÷ß∑”„Àâ‚§√ß√â“ß∫√‘‡«≥™—Èπº‘«∑’ËÕ¬Ÿà≈÷°≈ß‰ªπ’È¡’§«“¡

ÕàÕπ·Õ ‡¡◊ËÕ‡°‘¥°“√·µ°À—°√–À«à“ß√Õ¬µàÕ¢Õß‡√´‘π 

Õ–§√‘≈‘§∑—ÈßÕß™π‘¥ ∫√‘‡«≥∑’Ë‡°‘¥°“√·µ°À—°Õ“®Õ¬Ÿà„π

™—Èπ∑’Ë≈÷°≈ß‰ª‰¡à°’Ëπ“‚π‡¡µ√„π‡π◊ÈÕ‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡

¥â«¬§«“¡√âÕπ ´÷Ëß‰¡à“¡“√∂—ß‡°µ‰¥â¥â«¬µ“‡ª≈à“ ·≈–

°≈âÕß‡µÕ√‘‚Õ‰¡‚§√‚§ª  

 „π·ßàÕÿ≥À¿Ÿ¡‘¢Õß‡®Á∑ æ≈“¡“ æ∫«à“ Õÿ≥À¿Ÿ¡‘

¢Õß‡®Á∑æ≈“¡“Ÿß°«à“Õÿ≥À¿Ÿ¡‘ÀâÕß(17) ®÷ßÕ“®‡ªìπ‰ª‰¥â

«à“§à“§«“¡∂’Ë¢Õßæ≈—ßß“π∑’Ë‡√“„Àâ·°àæ≈“¡“ ¡’§à“‰¡à

‡À¡“–¡ Õ“®∑”„ÀâÕÿ≥À¿Ÿ¡‘∫√‘‡«≥™‘Èπ∑¥Õ∫∑’Ë°√–∑∫

°—∫≈”‡®Á∑ æ≈“¡“ ¡’§à“Ÿß ·≈–Õ“®Ÿß‡°‘π°«à“ Glass 

transition temperature (Tg) ¢Õß‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡

¥â«¬§«“¡√âÕπ ®÷ßÕ“®∑”„Àâ∫√‘‡«≥æ◊Èπº‘«¢Õß ‡√ ‘́πÕ–§√‘≈‘°
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æ≈—ßß“πæ◊Èπº‘«¢ÕßæÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ™π‘¥∫à¡¥â«¬

§«“¡√âÕπ∑’ËµâÕß°“√”À√—∫„ÀâπÈ”À√◊Õ ¡ÕπÕ‡¡Õ√å‰À≈·ºà

∑’Ë¥’π—Èπ·µ°µà“ß°—πÕ¬à“ß™‘Èπ‡™‘ß´÷ËßÕ¥§≈âÕß°—∫°“√∑¥ 

≈Õß¢Õß æ‘√‘¬–·≈–§≥–(18)

 ¥—ßπ—Èπ®“°º≈°“√∑¥≈Õß®÷ßªØ‘‡∏¡¡µ‘∞“π«à“ß∑’Ë

«à“·√ß¬÷¥‡©◊Õπ√–À«à“ß‡√´‘πÕ–§√‘≈‘°™π‘¥∫à¡¥â«¬§«“¡

√âÕπ∑’Ë„™â«‘∏’°“√ª√—∫¿“ææ◊Èπº‘«·∫∫µà“ßÊ °—∫‡√´‘πÕ–- 

§√‘≈‘°™π‘¥∫à¡¥â«¬µ—«‡Õß ‰¡àµà“ß°—πÕ¬à“ß¡’π—¬”§—≠ 
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¥—ßπ’È 
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æ∫«à“¡’§à“·√ß¬÷¥‡©◊ÕπŸßÿ¥∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 

95   

 3. °“√„™â‡®Á∑æ≈“¡“ ‰¡à‰¥â™à«¬„Àâ·√ß¬÷¥‡©◊Õπ
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 ¢Õ¢Õ∫æ√–§ÿ≥ √».¥√.∏’√«√√≥ ∫ÿ≠≠«√√≥  

√».∑æ.¥√.·¡π√«ß Õ—°…√πÿ°‘® Õ.∑æ.æ‘—¬»‘…Øå ™—¬®√’-
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