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∫∑§—¥¬àÕ 
 °“√»÷°…“π’È¡’«—µ∂ÿª√–ß§å‡æ◊ ËÕ‡ª√’¬∫‡∑’¬∫§à“

°”≈—ß·√ß¬÷¥‡©◊Õπ√–À«à“ß‡√´‘π´’‡¡πµå√–∫∫‡´≈øá·Õ¥

Œ’´’ø (√’‰≈‡ÕÁ°´å¬Ÿ√âÕ¬) ·≈–‡√´‘π´’‡¡πµå∑’Ë„™â√à«¡°—∫“√Œ’´’ø (√’‰≈‡ÕÁ°´å¬Ÿ√âÕ¬) ·≈–‡√´‘π´’‡¡πµå∑’Ë„™â√à«¡°—∫“√Œ’´’ø (√’‰≈‡ÕÁ°´å¬Ÿ√

¬÷¥µ‘¥√–∫∫‡´≈øá‡Õ™ (æ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å) °—∫

‡´Õ√å‚§‡π’¬‡´√“¡‘°å∑’Ëª√—∫¿“ææ◊Èπº‘«¥â«¬‡¡∑—≈·Õ¥

Œ’´’ø‰æ√‡¡Õ√å 2 ™π‘¥ (Õ—≈≈Õ¬¥å‰æ√‡¡Õ√å·≈–‡¡∑—≈

‡´Õ√å‚§‡π’¬‰æ√‡¡Õ√å) À≈—ß·™àπÈ” 24 ™—Ë«‚¡ß·≈–‡∑Õ√å‚¡

‰´§≈‘ß °“√»÷°…“π’È„™â™‘Èπ∑¥Õ∫‡´Õ√å‚§‡π’¬‡´√“¡‘°å

¢π“¥ 15x15x2 ¡¡.®”π«π 120 ™‘Èπ ·∫àß°≈ÿà¡°“√

∑¥≈Õß‚¥¬°“√ÿà¡µ“¡°“√‡µ√’¬¡æ◊Èπº‘«‡ªìπ 3 °≈ÿà¡

°≈ÿà¡≈– 40 ™‘Èπ °≈ÿà¡∑’Ë 1 °≈ÿà¡§«∫§ÿ¡ (‰¡à¡’°“√‡µ√’¬¡

æ◊Èπº‘«„¥Ê (NT) °≈ÿà¡∑’Ë 2 ‡µ√’¬¡æ◊Èπº‘«¥â«¬°“√∑“

Abstract 
 The purpose of this study was to compare 

shear bond strength between self adhesive resin 

cement (Rely X™ U100) and resin cement with 

self-etch system (Panavia® F 2.0) to zirconia 

ceramics, treated with two metal adhesive 

primers (ALLOY PRIMER®, Metal/Zirconia 

Primer®) after water storage 24 hours and 

thermocycling. One hundred and twenty zirconia 

ceramic specimens (15x15x2 mm.) were used in 

this study, randomly divided into three groups of 

forty by type of surface treatment. Group 1 was a 

control group (no treatment-NT). Group 2 was 

∫∑«‘∑¬“°“√ 
Original Article 
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Õ—≈≈Õ¬¥å‰æ√‡¡Õ√å (AP) °≈ÿà¡∑’Ë 3 ‡µ√’¬¡æ◊Èπº‘«¥â«¬

‡¡∑—≈‡´Õ√å‚§‡π’¬‰æ√‡¡Õ√å (MZ) ·µà≈–°≈ÿà¡·∫àßÕÕ°

‡ªìπ 2 °≈ÿà¡¬àÕ¬ °≈ÿà¡≈– 20 ™‘Èπ ¬÷¥·∑àß‡√´‘π§Õ¡- 

‚æ‘µ 2 ·∑àß∫π™‘Èπ∑¥Õ∫‡´Õ√å‚§‡π’¬‡´√“¡‘°å™‘Èπ≈– 

2 ®ÿ¥‡√’¬ßµ“¡·π«‡âπ∑·¬ß¡ÿ¡¥â«¬‡√´‘π´’‡¡πµå 2 

™π‘¥ (√’‰≈‡ÕÁ°´å¬Ÿ√âÕ¬·≈–æ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å) 

·µà≈–°≈ÿà¡¬àÕ¬·∫àßÕÕ°‡ªìπ 2 °≈ÿà¡ °≈ÿà¡≈– 10 ™‘Èπ

ß“π (20 ™‘Èπ∑¥Õ∫) µ“¡™π‘¥¢Õß°“√‡°Á∫™‘Èπ∑¥Õ∫ 

°≈ÿà¡·√°π”‰ª·™à„ππÈ”°≈—ËπÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬

‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß °≈ÿà¡∑’Ë 2 π”‰ª‡¢â“‡§√◊ËÕß‡∑Õ√å‚¡‰´

§≈‘ß®”π«π 1000 √Õ∫∑’ËπÈ”Õÿ≥À¿Ÿ¡‘ 5 ·≈– 55 Õß»“

‡´≈‡´’¬ π”™‘Èπß“π‰ª∑¥Õ∫§à“°”≈—ß·√ß¬÷¥‡©◊Õπ

¥â«¬‡§√◊ËÕß∑¥Õ∫“°≈™π‘¥Õ‘πµ√Õπ º≈°“√»÷°…“

æ∫«à“‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å„Àâ§à“‡©≈’Ë¬

°”≈—ß·√ß¬÷¥‡©◊Õπ∑’ËŸß°«à“‡√´‘π´’‡¡πµå√’‰≈‡Õ°´å¬Ÿ√âÕ¬

Õ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 

99 °“√ª√—∫¿“ææ◊Èπº‘«¥â«¬Õ—≈≈Õ¬¥å‰æ√‡¡Õ√å „Àâ§à“

‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ∑’ËŸß°«à“‡¡∑—≈‡´Õ√å‚§‡π’¬‰æ√-

‡¡Õ√å·≈–°≈ÿà¡∑’Ë‰¡à‰¥âª√—∫¿“ææ◊Èπº‘«„¥Ê Õ¬à“ß¡’π—¬

”§—≠∑“ß∂‘µ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 99  °≈ÿà¡∑’Ë

·™àπÈ” 24 ™—Ë«‚¡ß¡’§à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ∑’ËŸß°«à“

°≈ÿà¡‡∑Õ√å‚¡‰´§≈‘ß Õ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘∑’Ë√–¥—∫

§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 99 ‡´Õ√å‚§‡π’¬‡´√“¡‘°å°≈ÿà¡∑’Ë

‰¡à¡’°“√‡µ√’¬¡æ◊Èπº‘«„¥Ê „Àâ§à“°”≈—ß·√ß¬÷¥‡©◊Õπ∑’ËµË”

ÿ¥∑—ÈßÀ≈—ß·™àπÈ” 24 ™—Ë«‚¡ß·≈–‡∑Õ√å‚¡‰´§≈‘ß √ÿªº≈

°“√»÷°…“æ∫«à“§à“°”≈—ß·√ß¬÷¥‡©◊Õπ¢Õßæ“π“‡«’¬‡Õø

Õß®ÿ¥»Ÿπ¬å‚¥¬∑—Ë«‰ª¥’°«à“√’‰≈‡Õ° ǻ¬Ÿ√âÕ¬ °“√„™â‡¡∑—≈-

·Õ¥Œ’´’ø‰æ√‡¡Õ√å¡’à«π™à«¬‡æ‘Ë¡°“√¬÷¥µ‘¥√–À«à“ß

‡´Õ√å‚§‡π’¬‡´√“¡‘°å°—∫‡√´‘π´’‡¡πµå §«“¡™◊Èπ·≈–°“√

‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘¡’º≈∑”„Àâ§à“°”≈—ß·√ß¬÷¥‡©◊Õπ

√–À«à“ß‡´Õ√å‚§‡π’¬‡´√“¡‘°å°—∫‡√´‘π´’‡¡πµå≈¥≈ß 

§””§—≠ : ‡´Õ√å‚§‡π’¬‡´√“¡‘°å ‡√´‘π´’‡¡πµå §à“

°”≈—ß·√ß¬÷¥‡©◊Õπ 

treated with ALLOY PRIMER®(AP), Group 3 

with Metal/Zirconia Primer®(MZ). Each group 

was divided into two subgroups of twenty by 

type of resin cement (Rely X™ U100 and 

Panavia® F 2.0), luted  two resin composite rods 

on a diagonal line of the zirconia ceramic 

specimens. Each group was then divided into two 

subgroups of ten (20 specimens) by storage type: 

either in water at 37°C for 24 hours or ther-

mocycling for 1000 cycles at 5°C and 55°C. The 

shear bond strength of all test groups were tested 

by Instron® testing machine. The result of this 

study found that the mean of the shear bond 

strength of Panavia® F 2.0 was significantly 

higher than that of Rely X™ U100 (p<0.01). The 

mean of the shear bond strength of the ALLOY 

PRIMER® treated surface group was  signi-

ficantly higher than those of the Metal/Zirconia 

Primer® and the control group (p<0.01). The 

mean of the shear bond strength of the water 

storage group was significantly higher than that 

of the thermocycling group (p<0.01). The 

bonding potential of each control group after 

water storage and thermocycling was the lowest. 

In conclusion, the shear bond strength of Panavia®

F 2.0 seems better than Rely X™ U100. Metal 

adhesive primers seem to promote the shear bond 

strength between zirconia ceramics and resin 

cements. Aging condition such as thermocycling 

process decreases the shear bond strength 

between zirconia ceramics and resin cements. 

Keywords : zirconia ceramics, resin cements, 

shear bond strength 
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∫∑π” 
 ªí®®ÿ∫—πß“π∫Ÿ√≥–∑“ß∑—πµ°√√¡§”π÷ß∂÷ß§«“¡«¬ 

ß“¡‡æ‘Ë¡¡“°¢÷Èπ ‚¥¬‡≈◊Õ°∫Ÿ√≥–¥â«¬§√Õ∫øíπ‡´√“¡‘° 

≈â«π (all-ceramic crowns) ¡“°°«à“§√Õ∫øíπ‚≈À–

‡§≈◊Õ∫°√–‡∫◊ÈÕß (porcelain fused-to-metal crown)

‡æ√“–™‘Èπß“π∫Ÿ√≥– (restorations) ∑’Ë‰¥â¡’§«“¡«¬ß“¡

¡“°°«à“ °“√∫Ÿ√≥–¥â«¬§√Õ∫øíπ‡´√“¡‘°≈â«π®–ª√–∫

§«“¡”‡√Á®·≈–“¡“√∂„™âß“π‰¥âÕ¬à“ß¡’ª√–‘∑∏‘¿“æ§«“¡”‡√Á®·≈–“¡“√∂„™âß“π‰¥âÕ¬à“ß¡’ª√–‘∑∏‘¿“æ§«“¡”‡√Á®·≈–“¡“√∂„™âß“π‰¥âÕ¬à“ß¡

¢÷Èπ°—∫À≈“¬ªí®®—¬ ‡™àπ ¢—ÈπµÕπ°“√¬÷¥™‘Èπß“π∫Ÿ√≥–‡´√“

¡‘°≈â«πµ‘¥°—∫øíπÀ≈—°¡—°‡°‘¥æ◊Èπº‘«∑’Ë¬÷¥µ‘¥°—π 2 à«π 

à«π·√°§◊Õæ◊Èπº‘«¢Õßµ—«øíπ°—∫‡√´‘π´’‡¡πµå (resin 

cements) Õ’°à«πÀπ÷Ëß§◊Õ‡√´‘π´’‡¡πµå°—∫æ◊Èπº‘«‡´√“¡‘°å 

(ceramics) ªí®®ÿ∫—π‡√´‘π´’‡¡πµå¡’À≈“¬√Ÿª·∫∫·≈–

À≈“¬ª√–‡¿∑·≈–¡’à«πª√–°Õ∫·µ°µà“ß°—π‰ª ∂â“·∫àß

µ“¡√–∫∫°“√¬÷¥µ‘¥·∫àß‰¥â‡ªìπ 3 °≈ÿà¡„À≠à ‰¥â·°à ‡√´‘π

´’‡¡πµå∑’Ë„™â√à«¡°—∫“√¬÷¥µ‘¥√–∫∫‚∑∑Õ≈‡Õ™ (total-

etch adhesive system) ‡™àπ √’‰≈‡Õ°´å‡ÕÕ“√å´’ (Rely  

X™ ARC, 3M ESPE, USA) «“√‘‚Õ≈‘ß§å∑Ÿ (Variolink
® II, Ivoclar Vivadent, Liechtenstein) ‡√´‘π´’‡¡πµå∑’Ë

„™â√à«¡°—∫“√¬÷¥µ‘¥√–∫∫‡´≈øá‡Õ™ (self-etch adhesive 

system) ‡™àπ æ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å (Panavia® F 

2.0, Kuraray, Japan) ·≈–‡´≈øá·Õ¥Œ’´’ø‡√´‘π´’‡¡πµå 

(self adhesive resin cements) ‡™àπ  

√’‰≈‡ÕÁ°´å¬Ÿ√âÕ¬ (Rely X™ U100, 3M ESPE, USA) √’

‰≈‡ÕÁ°´å¬Ÿπ‘‡´¡ (Rely X™ Unicem, 3M ESPE, USA)

¡—≈µ‘≈‘ß§åª√‘π∑å (Multilink® Sprint, Ivoclar 

Vivadent, Liechtenstein) ·¡°‡´Á¡Õ’≈‘∑ (MaxCem®

Elite, Kerr, USA) ´÷Ëß‡√´‘π´’‡¡πµå·µà≈–™π‘¥„Àâ§à“·√ß

¬÷¥µ‘¥°—∫‡´√“¡‘°å∑’Ë·µ°µà“ß°—π(1-4) °àÕπ°“√¬÷¥™‘Èπß“π

‡´√“¡‘°å¥â«¬‡√´‘π´’‡¡πµåµâÕßª√—∫¿“ææ◊Èπº‘« (surface 

treatment) ¥â«¬«‘∏’°“√µà“ßÊ µ“¡≈—°…≥–¢Õß‡´√“¡‘°å

·µà≈–™π‘¥ ‚¥¬‡´√“¡‘°å·∫àß‰¥â‡ªìπ 2 ª√–‡¿∑„À≠àÊ 

µ“¡§«“¡‰«µàÕ°“√„™â°√¥‰Œ‚¥√ø≈ŸÕÕ√‘° (hydrofluoric 

acid) °—¥æ◊Èπº‘« §◊Õ „™â°√¥°—¥‰¥â (acid sensitive) ·≈–

µâ“π∑“πµàÕ°“√°—¥¥â«¬°√¥ (acid resistance)(5-7) ‡´√“-

¡‘°å∑’Ë„™â°√¥°—¥‰¥â ‰¥â·°à °≈“‡´√“¡‘°å (glass 

ceramics) ·≈–°≈“Õ‘πøî≈‡µ√∑‡´√“¡‘°å (glass 

infiltrated ceramics) ¡’ß“π«‘®—¬π—∫πÿπ°“√ª√—∫

¿“ææ◊Èπº‘«‡´√“¡‘°å™π‘¥°√¥°—¥‰¥â ‡æ◊ËÕ„Àâ‡°‘¥æ◊Èπº‘«∑’Ë 

¢√ÿ¢√–¥â«¬°√¥‰Œ‚¥√ø≈ŸÕÕ√‘°°—¥à«π∑’Ë‡ªìπ ‘́≈‘°“ ¢√ÿ¢√–¥â«¬°√¥‰Œ‚¥√ø≈ŸÕÕ√‘°°—¥à«π∑’Ë‡ªìπ ‘́≈‘°“ ¢√ÿ¢√–¥â«¬°√¥‰Œ‚¥√ø≈ŸÕÕ√‘°°—¥à«π∑’Ë‡ªìπ ‘́≈ (silica)

ÕÕ°∫“ßà«π µ“¡¥â«¬°“√∑“‰´‡≈π (silane) ‡æ◊ËÕ„Àâ‡°‘¥

°“√¬÷¥µ‘¥∑“ß‡§¡’ (chemical bond) „Àâ§à“·√ß¬÷¥µ‘¥∑’Ë

Ÿß¢÷ÈπÕ¬à“ß¡’π—¬”§—≠(7-10) ·µà°“√ª√—∫¿“æ·∫∫‡¥’¬« 

°—ππ’È‰¡à“¡“√∂„™â‰¥â°—∫‡´√“¡‘°å°≈ÿà¡∑’Ëµâ“π∑“πµàÕ°“√

°—¥¥â«¬°√¥ ‡™àπ Õ≈Ÿ¡‘π“‡´√“¡‘°å (alumina ceramics)

·≈–‡´Õ√å‚§‡π’¬‡´√“¡‘°å (zirconia ceramics) ‡π◊ËÕß 

®“°Õ≈Ÿ¡‘π“‡´√“¡‘°å·≈–‡´Õ√å‚§‡π’¬‡´√“¡‘°å‰¡à¡’à«π

¢Õß´‘≈‘°“‡ªìπÕß§åª√–°Õ∫ °√¥‰¡à“¡“√∂°—¥æ◊Èπº‘«

‡´√“¡‘°å‰¥â·≈–‰¡à‡°‘¥°“√¬÷¥µ‘¥∑“ß‡§¡’°—∫‰´‡≈π(11-13)

ª í®® ÿ∫ —π¡’°“√„™â‡´Õ√ å‚§‡π’¬‡´√“¡‘°å‡æ ‘ Ë¡¡“°¢÷ Èπ 

‡π◊ËÕß®“°¡’§«“¡«¬ß“¡  ‰¡à∑”Õ—πµ√“¬µàÕÕ«—¬«–ª√‘

∑—πµå  ¡’§«“¡‡¢â“°—π‰¥â°—∫‡π◊ÈÕ‡¬◊ËÕ (biocompatibility)

àßºà“π§«“¡√âÕπ‡¬Áπ‰¥âπâÕ¬°«à“§√Õ∫øíπ‚≈À– ®÷ß≈¥

°“√‡°‘¥Õ“°“√‡’¬«·≈–°“√√–§“¬‡§◊ÕßµàÕ‡π◊ÈÕ‡¬◊ËÕ‚æ√ß

ª√–“∑øíπ®“°°“√‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘‰¥â(14) ¡’§«“¡

·¢Áß·√ß·≈–¡’§«“¡µâ“π∑“πµàÕ°“√·µ°À—°Ÿß ‡π◊ËÕß®“°

¡’§ÿ≥¡∫—µ‘∑√“πåøÕ√å‡¡™—π∑—ø‡∑ππ‘ß (transforma-

tion toughening)(15)  ®÷ß“¡“√∂π”¡“„™â‡ªìπ§√Õ∫øíπ

·≈–øíπ‡∑’¬¡µ‘¥·πàπ∑—ÈßøíπÀπâ“·≈–øíπÀ≈—ß‰¥â  ¡’ß“π

«‘®—¬»÷°…“‡°’Ë¬«°—∫°“√ª√—∫¿“ææ◊Èπº‘«¢Õß‡´Õ√å‚§‡π’¬

‡´√“¡‘°å·∫∫µà“ßÊ ‡æ◊ËÕ‡æ‘Ë¡°“√¬÷¥µ‘¥ ‰¥â·°à °“√‡ªÉ“

∑√“¬ (airborne particle abrasion, sandblasting)(16-18)

°“√„™â´‘≈‘°“‡§≈◊Õ∫∑—∫∫πº‘«‡´√“¡‘°å (silica coating)

¥â«¬Õÿª°√≥å‚√§“‡∑§ (Rocatec®, 3M ESPE, USA)

µ“¡¥â«¬∑“‰´‡≈π(3,6,19-21) ∑”„Àâ‡æ‘Ë¡§à“·√ß¬÷¥µ‘¥Ÿß¢÷Èπ

Õ¬à“ß¡’π—¬”§—≠ ·µà¢∫«π°“√‡ªÉ“∑√“¬À√◊Õ„™â´‘≈‘°“

‡§≈◊Õ∫∑—∫∫πº‘«‡´√“¡‘°å ∑—πµ·æ∑¬åµâÕßàß™‘Èπß“π‡´√“

¡‘°å„ÀâÀâÕßªØ‘∫—µ‘°“√∑—πµ°√√¡ª√—∫¿“ææ◊Èπº‘« À√◊Õ

‡’¬§à“„™â®à“¬∑’Ë§àÕπ¢â“ßŸß‡æ◊ËÕ´◊ÈÕÕÿª°√≥å¢â“ß‡°â“Õ’È ¥—ß

π—ÈπºŸâ«‘®—¬µâÕß°“√»÷°…“‡°’Ë¬«°—∫°“√„™â‡¡∑—≈·Õ¥Œ’´’ø-

‰æ√‡¡Õ√å (metal adhesive primers) ∑’Ë¡’√“§“∂Ÿ°·≈–À“

‰¥âßà“¬ ´÷Ëß‡¥‘¡π”¡“„™âª√—∫¿“æº‘«§√Õ∫øíπ∑’Ë¡’à«π

ª√–°Õ∫¢Õß‚≈À– Õß§åª√–°Õ∫¢Õß‡¡∑—≈·Õ¥Œ’´’ø‰æ√

‡¡Õ√åª√–°Õ∫¥â«¬ 2 à«πÀ≈—°(22) §◊Õ à«π‡√´‘π‚¡‚π-

‡¡Õ√å (resin monomer) ·≈–µ—«∑”≈–≈“¬ ‚¥¬‡¡∑—≈

·Õ¥Œ’´’ø‰æ√‡¡Õ√å·µà≈–™π‘¥ ·µà≈–∫√‘…—∑¡’°≈ÿà¡∑”ß“π∑’Ë
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·µ°µà“ß°—πµ“¡™π‘¥¢Õß‡√´‘π‚¡‚π‡¡Õ√å∑’Ë„™â °≈ÿà¡∑”ß“π

¢Õß‡√´‘π‚¡‚π‡¡Õ√å·∫àßÕÕ°‰¥â‡ªìπ 4 °≈ÿà¡„À≠àÊ ‰¥â·°à         

 1. °≈ÿà¡∑”ß“π∑’Ë¡’Õπÿæ—π∏å°√¥§“√å∫Õ°´‘≈‘° (car-

boxylic acid derivative) °≈ÿà¡π’È¡’‡√´‘π‚¡‚π‡¡Õ√å∑’Ë

‡ªìπ°≈ÿà¡§“√å∫Õ°´‘≈ (carboxyl, -COOH) ¬÷¥¥â«¬

æ—π∏–‡§¡’°—∫‚≈À–º¡æ◊Èπ∞“π (predominantly base 

alloy) „π™—ÈπÕÕ°‰´¥å∑’Ëº‘«‚≈À–(23)   

 2. °≈ÿà¡∑”ß“π∑’Ë¡’Õπÿæ—π∏å°√¥øÕøÕ√‘° (phos-

phoric acid derivative) °≈ÿà¡π’È¡’‡√´‘π‚¡‚π‡¡Õ√å∑’Ë‡ªìπ 

°≈ÿà¡øÕ‡øµ ¬÷¥¥â«¬æ—π∏–‡§¡’°—∫‚≈À–º¡æ◊Èπ∞“π„π

™—ÈπÕÕ°‰´¥å∑’Ëº‘«‚≈À– 

 3. °≈ÿà¡∑”ß“π∑’Ë¡’Õπÿæ—π∏å°≈ÿà¡‰∏‚Õπ À√◊Õ ‰∏Õ—≈ 

(thione or thiol group) °≈ÿà¡π’È¡’‡√´‘π‚¡‚π‡¡Õ√å∑’Ë¡’‚§√ß

√â“ß‡ªìπ‰∏‚Õπ (=S) “¡“√∂‡ª≈’Ë¬π‡ªìπ‰∏Õ—≈ (-SH)(24)

‰¥â‚¥¬‰∏Õ—≈√â“ßæ—π∏–∑“ß‡§¡’°—∫Õ–µÕ¡¢Õß‚≈À–º¡

¡’µ√–°Ÿ≈ (noble alloy) ‰¥â¥â«¬°≈ÿà¡∑”ß“π‡¡Õ√å·§ª

·∑π (mercaptan functional group)

4. °≈ÿà¡∑”ß“π∑’Ë¡’Õπÿæ—π∏å°√¥‰∏‚ÕøÕøÕ√‘° (thio-

phosphoric acid derivative)  °≈ÿà¡π’È¡’°≈ÿà¡∑”ß“π 2 

·∫∫√«¡Õ¬Ÿà„π“¬‚§√ß√â“ß‡¥’¬«°—π §◊Õ °≈ÿà¡‡¡Õ√å·§ª

·∑π„π°“√√â“ßæ—π∏–∑“ß‡§¡’°—∫Õ–µÕ¡¢Õß‚≈À–º¡·∑π„π°“√√â“ßæ—π∏–∑“ß‡§¡’°—∫Õ–µÕ¡¢Õß‚≈À–º¡·∑π„π°“√√â“ßæ—

¡’µ√–°Ÿ≈ ·≈–°≈ÿà¡øÕ‡øµ∑’Ë√â“ßæ—π∏–‡§¡’°—∫ÕÕ°‰´¥å

¢Õß‚≈À–º¡æ◊Èπ∞“π 

®“°°“√»÷°…“∑’Ëºà“π¡“¡’°“√‡ª√’¬∫‡∑’¬∫§à“·√ß¬÷¥

µ‘¥√–À«à“ß°“√‡µ√’¬¡º‘«‚≈À–¥â«¬‡¡∑—≈·Õ¥Œ’´’ø‰æ√

‡¡Õ√å™π‘¥µà“ßÊ °—∫‚≈À–º¡æ◊Èπ∞“π(25) ·≈–‚≈À–º¡¡’

µ√–°Ÿ≈(26,27) æ∫«à“°“√„™â‡¡∑—≈·Õ¥Œ’´’ø‰æ√‡¡Õ√å„Àâ

§à“·√ß¬÷¥µ‘¥Ÿß¢÷ÈπÕ¬à“ß¡’π—¬”§—≠ ¥—ßπ—Èπ®÷ß‰¥â¡’ºŸâ√‘‡√‘Ë¡

π”‡¡∑—≈·Õ¥Œ’´’ø‰æ√‡¡Õ√å¡“„™â„π°“√‡µ√’¬¡æ◊Èπº‘«¢Õß

‡´Õ√å‚§‡π’¬‡´√“¡‘°å ‡æ◊ËÕ‡æ‘Ë¡§à“·√ß¬÷¥µ‘¥√–À«à“ß‡´Õ√å‡´Õ√å‚§‡π’¬‡´√“¡‘°å ‡æ◊ËÕ‡æ‘Ë¡§à“·√ß¬÷¥µ‘¥√–À«à“ß‡´Õ√å‡´Õ√å

‚§‡π’¬‡´√“¡‘°å·≈–‡√´‘π´’‡¡πµå ¥—ß°“√»÷°…“¢Õß Lind-

gren ·≈–§≥–(28) ·µà°“√»÷°…“«‘®—¬‡°’Ë¬«°—∫°“√„™â‡¡∑—≈

·Õ¥Œ’´’ø‰æ√‡¡Õ√å„π°“√ª√—∫¿“ææ◊Èπº‘«‡´Õ√å‚§‡π’¬

‡´√“¡‘°åπ—Èπ¡’πâÕ¬·≈–¬—ß¡’¢âÕ∂°‡∂’¬ß°—πÕ¬Ÿà ‡π◊ËÕß®“°

∫“ß°“√»÷°…“„Àâº≈∑’Ë¥’„π¿“«–∑’Ë·Àâß ·µà∫“ß°“√

»÷°…“‰¥â°≈à“«∂÷ßªØ‘°‘√‘¬“°“√‡°‘¥‰Œ‚¥√‰≈µ‘° (hydro-

lytic) ¢Õß‡¡∑—≈·Õ¥Œ’´’ø‰æ√‡¡Õ√å‡¡◊ËÕπ”‰ª·™àπÈ”(29-31)

«—µ∂ÿª√–ß§å¢Õß°“√»÷°…“§√—Èßπ’È ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫§à“

°”≈—ß·√ß¬÷¥‡©◊Õπ (shear bond strength, SBS)

√–À«à“ß‡√´‘π´’‡¡πµå°—∫‡´Õ√å‚§‡π’¬‡´√“¡‘°å∑’Ëª√—∫¿“æ

º‘«¥â«¬‡¡∑—≈·Õ¥Œ’´’ø‰æ√‡¡Õ√åµà“ß™π‘¥ ‡æ◊ËÕπ”¢âÕ¡Ÿ≈∑’Ë

‰¥â‰ªæ‘®“√≥“‡≈◊Õ°«‘∏’°“√ª√—∫¿“ææ◊Èπº‘«‡´Õ√å‚§‡π’¬

‡´√“¡‘°å∑’Ë‡À¡“–¡∑’Ëÿ¥ 

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

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

«—¥ÿÕÿª°√≥å·≈–«‘∏’°“√ 
(Robocam, 

Warszawa, Germany) ®“°ÀâÕßªØ‘∫—µ‘°“√∑—πµ°√√¡

¢π“¥ 15x15x2 ¡¡. ®”π«π 120 ™‘Èπ ·∫àß™‘Èπß“π‡ªìπ 3 

°≈ÿà¡ °≈ÿà¡≈– 40 ™‘Èπ µ“¡°“√‡µ√’¬¡æ◊Èπº‘« °≈ÿà¡∑’Ë 1 

°≈ÿà¡§«∫§ÿ¡ (control) ‰¡à¡’°“√‡µ√’¬¡æ◊Èπº‘«„¥Ê (NT)

°≈ÿà¡∑’Ë 2 ∑“Õ—≈≈Õ¬¥å‰æ√‡¡Õ√å (ALLOY PRIMER® 

(AP), Kuraray, Japan) °≈ÿà¡∑’Ë 3 ∑“‡¡∑—≈‡´Õ√å‚§‡π’¬

‰æ√‡¡Õ√å (Metal/Zirconia Primer®(MZ), Ivoclar 

Vivadent, Liechtenstein) ·µà≈–°≈ÿà¡·∫àßÕÕ°‡ªìπ°≈ÿà¡

¬àÕ¬ 2 °≈ÿà¡ °≈ÿà¡≈– 20 ™‘Èπ µ“¡™π‘¥¢Õß‡√´‘π´’‡¡πµå∑’Ë

„™â¬÷¥·∑àß‡√´‘π§Õ¡‚æ‘µ¢π“¥‡âπºà“π»Ÿπ¬å°≈“ß 3 ¡¡. 

Ÿß 2 ¡¡. 2 ®ÿ¥ ∑’Ë√â“ß‚¥¬„™â·∫∫À≈àÕ‚≈À–‰√âπ‘¡ 

(stainless steel mold)  ∞“π‡√’¬∫ ‡√´‘π´’‡¡πµå∑’Ë„™â 

‰¥â·°à √’‰≈‡Õ°´å¬Ÿ√âÕ¬ ·≈–æ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å ‚¥¬

¬÷¥‡√’¬ß™‘Èπ∑¥Õ∫ 2 ·∑àßµ“¡·π«‡âπ∑·¬ß¡ÿ¡Àà“ß°—π 3 

¡¡. ¥—ß√Ÿª∑’Ë 1  

√Ÿª∑’Ë 1  °“√¬÷¥µ‘¥·∑àß‡√´‘π§Õ¡‚æ‘µ 2 ·∑àßµ“¡·π«‡âπ

∑·¬ß¡ÿ¡¢Õß™‘Èπ∑¥Õ∫‡´Õ√å‚§‡π’¬‡´√“¡‘°å  
Figure 1 Resin cement luted with two resin 

composite rods on a diagonal line of the 

zirconia ceramic specimens 
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©“¬·ß¥â«¬‡§√◊ËÕß©“¬·ß∫≈Ÿ‡ø (Bluephase, Ivoclar

Vivadent, Liechtenstein) ¥â“π≈– 20 «‘π“∑’‰¥â™‘Èπß“π∑’Ë

®–π”‰ª∑¥Õ∫§à“°”≈—ß·√ß¬÷¥‡©◊Õπ ®”π«π 240 ™‘Èπ

ß“π (n=240) ¥—ß·ºπ¿“æ√Ÿª∑’Ë 2  

√Ÿª∑’Ë 2   ·ºπº—ß°“√·∫àß°≈ÿà¡™‘Èπß“π‡´√“¡‘°åµ“¡™π‘¥°“√‡µ√’¬¡æ◊Èπº‘«·≈–™π‘¥‡√´‘π´’‡¡πµå √Ÿª∑’Ë 2   ·ºπº—ß°“√·∫àß°≈ÿà¡™‘Èπß“π‡´√“¡‘°åµ“¡™π‘¥°“√‡µ√’¬¡æ◊Èπº‘«·≈–™π‘¥‡√´‘π´’‡¡πµå √Ÿª∑’Ë 2

Figure 2 Diagram of  test groups 
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 π”™‘Èπß“π‰ª∑¥Õ∫§à“°”≈—ß·√ß¬÷¥‡©◊Õπ¥â«¬‡§√◊ËÕß

∑¥Õ∫“°≈™π‘¥Õ‘πµ√Õπ (Instron®  Universal 

Testing Machine, Instron 5560 Series, U.S.A.) À—«

°¥¥â«¬·√ß 50 π‘«µ—π §«“¡‡√Á«¢ÕßÀ—«°¥‡∑à“°—∫ 0.5 

¡¡./π“∑’ «“ß™‘Èπß“π„ÀâÀ—«°¥™‘Èπ∑¥Õ∫∑’≈–™‘Èπ„π

µ”·Àπàß¥—ß√Ÿª∑’Ë 3 ∫—π∑÷°§à“°”≈—ß·√ß¬÷¥‡©◊Õπ∑’Ë∑”„Àâ

‡√´‘π´’‡¡πµåÀ≈ÿ¥ÕÕ°®“°‡´√“¡‘°å‡ªìπÀπà«¬‡¡°°–ª“

§“≈ (Newton/mm2 = MPa)   

    

√Ÿª∑’Ë 3  √Ÿª∑’Ë 3  √Ÿª∑’Ë 3 ·ºπ¿Ÿ¡‘·¥ß°“√∑¥Õ∫°”≈—ß·√ß‡©◊Õπ∫π™‘ Èπ

∑¥Õ∫  
Figure 3 Diagram of shear bond strength test on 

specimen 

π”™‘Èπ∑¥Õ∫∑’Ëºà“π°“√°¥·√ß‡©◊Õπ‰ªàÕß¥â«¬°≈âÕß

‡µÕ√‘‚Õ‰¡‚§√‚§ª (stereomicroscope, Olympus, UK)

‡æ◊ËÕµ√«®¥Ÿ≈—°…≥–°“√À≈ÿ¥¢Õß‡√´‘π´’‡¡πµå°—∫æ◊Èπº‘«

‡´Õ√å‚§‡π’¬‡´√“¡‘°å ‡ªìπ·∫∫·Õ¥Œ’´’ø (adhesive 

failure) ‚§Œ’´’ø (cohesive failure) À√◊Õ√«¡°—π∑—ÈßÕß

·∫∫ (mixed failure) ·≈–»÷°…“≈—°…≥–æ◊Èπº‘«¢Õß

‡´Õ√å‚§‡π’¬‡´√“¡‘°å∑’Ë‡µ√’¬¡æ◊Èπº‘«·∫∫µà“ßÊ À≈—ß®“°

‡√ ‘́π ’́‡¡πµåÀ≈ÿ¥ÕÕ°®“°‡´√“¡‘°å¥â«¬°“√ÿà¡™‘Èπ∑¥Õ∫

·µà≈–°≈ÿà¡‚¥¬°“√µ√«®¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á§µ√Õπ

·∫∫àÕß°√“¥ (Scaning Electron Microscope : 

SEM, JEOL JSM-5910LV SEM, Tokyo, Japan)

 π”§à“°”≈—ß·√ß‡©◊Õπ∑’Ë‰¥â¡“«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß∂‘µ‘

¥â«¬°“√®”·π°§«“¡·ª√ª√«π·∫∫“¡∑“ß (Three-

Way ANOVA) ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 99% (P<0.01)

‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫§à“°”≈—ß·√ß¬÷¥‡©◊Õπ√–À«à“ß‡√´‘π´’‡¡πµå

√–∫∫‡´≈øá·Õ¥Œ’´’ø‡√´‘π´’‡¡πµå·≈–‡√´‘π´’‡¡πµå∑’Ë„™â√à«¡

°—∫“√¬÷¥µ‘¥√–∫∫‡´≈øá‡Õ™°—∫‡´Õ√å‚§‡π’¬‡´√“¡‘°å∑’Ë

ª√—∫¿“ææ◊Èπº‘«‚¥¬„™â‡¡∑—≈·Õ¥Œ’´’ø‰æ√‡¡Õ√å∑’Ë·µ°

µà“ß°—π 2 ™π‘¥ À≈—ß·™àπÈ” 24 ™—Ë«‚¡ß·≈–À≈—ß¢∫«π°“√

‡∑Õ√å‚¡‰´§≈‘ß«à“¡’§«“¡·µ°µà“ß°—πÀ√◊Õ‰¡à ‡ª√’¬∫‡∑’¬∫

§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬√–À«à“ß°≈ÿà¡ (Multiple  com-

parisons) ¥â«¬°“√‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ™π‘¥∑Ÿ°’È (Tukey 

Multiple Comparison Test)

º≈°“√»÷°…“ 
°“√∑¥Õ∫§à“°”≈—ß·√ß‡©◊Õπ

 §à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ¢Õß°≈ÿà¡∑¥≈Õß∑—Èß 12 

°≈ÿà¡·≈–§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¥—ß·¥ß„πµ“√“ß∑’Ë 1 

‚¥¬§à“Ÿßÿ¥∑’Ë‰¥â§◊Õ ‡´Õ√å‚§‡π’¬‡´√“¡‘°å°≈ÿà¡∑’Ë¡’°“√‡µ√’¬¡

æ◊Èπº‘«¥â«¬‡¡∑—≈·Õ¥Œ’´’ø‰æ√‡¡Õ√å™π‘¥Õ—≈≈Õ¬¥å‰æ√‡¡Õ√å

¬÷¥¥â«¬‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å·™àπÈ” 24 

™—Ë«‚¡ß (20.20±1.38 MPa) §à“µË”ÿ¥∑’Ë‰¥â§◊Õ °≈ÿà¡∑’Ë‰¡à¡’

°“√‡µ√’¬¡æ◊Èπº‘«„¥Ê ¬÷¥¥â«¬‡√´‘π´’‡¡πµå√’‰≈‡Õ°´å¬Ÿ√âÕ¬

À≈—ß‡∑Õ√å‚¡‰´§≈‘ß (4.67±0.73 MPa)  

 ®“°°“√∑¥Õ∫§à“°”≈—ß·√ß¬÷¥‡©◊Õππ”¡“«‘‡§√“–Àå

∑“ß∂‘µ‘ Three-Way ANOVA ¥—ßµ“√“ß∑’Ë 2 ∑’Ë√–¥—∫

§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 99  (p<0.01) ‡π◊ËÕß®“°§à“°”≈—ß·√ß

¬÷¥‡©◊Õπ∑’Ë‰¥â¡’§à“„°≈â‡§’¬ß°—π æ∫«à“™π‘¥¢Õß‡√ ‘́π ’́‡¡πµå

°“√ª√—∫¿“ææ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å·∫∫µà“ßÊ 

§«“¡™◊Èπ·≈–°“√‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘ ≈â«π‡ªìπªí®®—¬∑’Ë

àßº≈µàÕ§à“°”≈—ß·√ß¬÷¥‡©◊Õπ   

 °“√‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ™π‘¥∑Ÿ°’ È√–À«à“ß§à“‡©≈’Ë¬

°”≈—ß·√ß‡©◊Õπ¢Õß·µà≈–°≈ÿà¡∑¥≈Õß¥—ßµ“√“ß∑’Ë 3-5 æ∫

«à“‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å„Àâ§à“‡©≈’Ë¬°”≈—ß

·√ß¬÷¥‡©◊Õπ (11.65 ‡¡°–ª“§“≈) ∑’ËŸß°«à“‡√´‘π´’‡¡πµå

√’‰≈‡Õ°´å¬Ÿ√âÕ¬ (10.92 ‡¡°–ª“§“≈) Õ¬à“ß¡’π—¬”§—≠

∑“ß∂‘µ‘ (p<0.01) §à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ¢Õß°“√

ª√—∫¿“ææ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥â«¬‡¡∑—≈·Õ¥Œ’´’ø

‰æ√‡¡Õ√å™π‘¥Õ—≈≈Õ¬¥å‰æ√‡¡Õ√å¡’§à“Ÿßÿ¥ §◊Õ‡∑à“°—∫ 
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µ“√“ß∑’Ë 1 §à“‡©≈’Ë¬·≈–§à“‡∫’Ë¬ß‡∫π¡“µ√“∞“π¢Õß°”≈—ß·√ß¬÷¥‡©◊Õπ°≈ÿà¡∑¥≈Õß 12 °≈ÿà¡  
Table 1 Means and standard deviations of shear bond strength of 12 groups 

‡√´‘π´’‡¡πµå °“√‡µ√’¬¡æ◊Èπº‘« 
§à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ (MPa) 

·™àπÈ” 24 ™—Ë«‚¡ß ‡∑Õ√å‚¡‰´§≈‘ß 1,000 √Õ∫ 
Panavia F 2.0 NT 9.65E ± 1.60 6.15G ± 1.52 

Panavia F 2.0 AP 20.20A ± 1.38 A ± 1.38 A 12.16D ± 1.55 

Panavia F 2.0 MZ 12.52D ± 1.52 9.19E ± 0.87 

Rely X U100 NT 6.75G ± 0.79 4.67H ± 0.73 

Rely X U100 AP 18.52B ± 1.55 11.88D ± 1.18 

Rely X U100 MZ 16.26C ± 1.09 7.44F ± 1.48 

Values are means ±standard deviations. Group with the same upper case superscripts are not significantly 

different (p<0.01) 

µ“√“ß∑’Ë 2 °“√∑¥Õ∫§«“¡·µ°µà“ß§à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ∑“ß∂‘µ‘¢Õßªí®®—¬µà“ßÊ  µ“√“ß∑’Ë 2 °“√∑¥Õ∫§«“¡·µ°µà“ß§à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ∑“ß∂‘µ‘¢Õßªí®®—¬µà“ßÊ  µ“√“ß∑’Ë 2

Table 2  Statistic test between mean shear bond strength of each factor 

Source of Variance Sum of Squares 

Error 

df Mean Square 

Error 

F Sig. 

Corrected Model 5431.331 11 493.757 287.585 0.000 

Intercept 30552.319 1 30552.319 17794.939 0.000 

Surface_treatment 3157.764 2 1578.882 919.606 0.000 

Resin _cement 31.680 1 31.680 18.452 0.000 

TC 1748.338 1 1748.338 1018.304 0.000 

Surface_treatment * 

resin_cement 

102.889 2 51.445 29.964 0.000 

Surface_treatment * 

TC 

220.233 2 110.117 64.136 0.000 

Resin_cement * TC 11.773 1 11.773 6.857 0.009 

Surface_treatment * 

Resin_cement * TC 158.653 2 79.326 46.203 0.000 

Error 391.456 228 1.717 

Total 36375.105 240 

Corrected Total 5822.786 239 

15.65 ‡¡°–ª“§“≈ √Õß≈ß¡“ §◊Õ ª√—∫¿“ææ◊Èπº‘«¥â«¬

‡¡∑—≈·Õ¥Œ’´’ø‰æ√‡¡Õ√å™π‘¥‡¡∑—≈‡´Õ√å‚§‡π’¬‰æ√‡¡Õ√å§◊Õ

‡∑à“°—∫ 11.35 ‡¡°–ª“§“≈ ·≈–°≈ÿà¡∑’Ë‰¡à‰¥âª√—∫¿“æ

æ◊Èπº‘«„¥Ê „Àâ§à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥µË”ÿ¥§◊Õ‡∑à“°—∫ 6.81 

‡¡°–ª“§“≈ ‚¥¬§à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ¢Õß∑—Èß 3 

°≈ÿà¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘ (p<0.01)

°≈ÿà¡∑’Ëºà“π°“√‡∑Õ√å‚¡‰´§≈‘ß¡’§à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ

∑’ËµË”°«à“°≈ÿà¡∑’Ë·™àπÈ” 24 ™—Ë«‚¡ß §◊Õ 8.58 ‡¡°–ª“§“≈

·≈– 13.99 ‡¡°–ª“§“≈ µ“¡≈”¥—∫  °≈ÿà¡·™àπÈ”„Àâ§à“

‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ¡“°°«à“°≈ÿà¡∑’Ëºà“π°“√‡∑Õ√å‚¡‰´

§≈‘ßÕ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘ (p<0.01)

 ™‘Èπ∑¥Õ∫∑’Ëºà“π°“√°¥·√ß‡©◊Õπ·≈â«π”‰ªàÕß¥â«¬

°≈âÕß‡µÕ√‘‚Õ‰¡‚§√‚§ª‡æ◊ËÕµ√«® ¥Ÿ≈—°…≥–°“√À≈ÿ¥

¢Õß‡√´‘π´’‡¡πµå°—∫æ◊ Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å‰¥âº≈ 
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µ“√“ß∑’Ë 3 ·¥ß°“√∑¥Õ∫§«“¡·µ°µà“ß‡ªìπ√“¬§Ÿà¢Õßªí®®—¬‡√´‘π´’‡¡πµå µ“√“ß∑’Ë 3 ·¥ß°“√∑¥Õ∫§«“¡·µ°µà“ß‡ªìπ√“¬§Ÿà¢Õßªí®®—¬‡√´‘π´’‡¡πµå µ“√“ß∑’Ë 3

Table 3 Show the mean difference of resin cements factor  

(I) Resin cement  

(MPa) 

(J) Resin cement  

(MPa) 

Mean  

Difference  

(I-J) 

SE. Sig. 

95% Confidence 

Interval  

for Difference 
Lower  

Bound 

Upper  

Bound 
Panavia F 2.0 

11.65 

Rely X U100 

10.92     0.73 0.169 0.000 0.393 1.060 

µ“√“ß∑’Ë 4 ·¥ß°“√∑¥Õ∫§«“¡·µ°µà“ß‡ªìπ√“¬§Ÿà¢Õßªí®®—¬°“√‡µ√’¬¡æ◊Èπº‘« µ“√“ß∑’Ë 4 ·¥ß°“√∑¥Õ∫§«“¡·µ°µà“ß‡ªìπ√“¬§Ÿà¢Õßªí®®—¬°“√‡µ√’¬¡æ◊Èπº‘« µ“√“ß∑’Ë 4

Table 4 Show the mean difference of surface treatment factor Table 4 Show the mean difference of surface treatment factor Table 4

(I) Surface 

treatment 

(MPa) 

(J) Surface 

Treatment 

(MPa) 

Mean Difference 

(I-J) 
SE. Sig. 

95% Confidence Interval 

for Difference 
Lower 

Bound 

Upper 

Bound 
AP 

15.65 

NT 6.81  8.84 0.207 0.000 8.476 9.292 

MZ 11.35  4.30 0.207 0.000 3.927 4.744 

MZ 11.35  NT 6.81  4.54 0.207 0.000 4.140 4.957 

µ“√“ß∑’Ë 5  ·¥ß°“√∑¥Õ∫§«“¡·µ°µà“ß‡ªìπ√“¬§Ÿà¢Õßªí®®—¬°“√·™àπÈ”·≈–‡∑Õ√å‚¡‰´§≈‘ß µ“√“ß∑’Ë 5  ·¥ß°“√∑¥Õ∫§«“¡·µ°µà“ß‡ªìπ√“¬§Ÿà¢Õßªí®®—¬°“√·™àπÈ”·≈–‡∑Õ√å‚¡‰´§≈‘ß µ“√“ß∑’Ë 5

Table 5 Show the mean difference of  water storage and thermocycling Table 5 Show the mean difference of  water storage and thermocycling Table 5

(I) Water 

storage 24 

hrs. (MPa) 

(J) Thermo-

cycling 

(MPa) 

Mean 

Difference 

(I-J) 

SE. Sig. 

95% Confidence Interval for 

Difference 
Lower Bound Upper Bound 

13.99 8.58 5.41 0.169 0.000 5.065 5.731 

¥—ßµ“√“ß∑’Ë 6 à«π¡“°‡ªìπ°“√À≈ÿ¥·∫∫·Õ¥Œ’´’ø·≈–

‰¡à¡’°≈ÿà¡„¥‡ªìπ‚§Œ’´’ø‡≈¬ 

º≈°“√àÕß°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫

àÕß°√“¥

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á§µ√Õπ·∫∫àÕß°√“¥

·¥ßæ◊Èπº‘«¢Õß‡´Õ√å‚§‡π’¬‡´√“¡‘°å∑’Ë‡µ√’¬¡æ◊Èπº‘«·∫∫

µà“ßÊ À≈—ß®“°‡√ ‘́π ’́‡¡πµåÀ≈ÿ¥ÕÕ°®“°‡´√“¡‘°åÀ≈—ß·™àπÈ”

24 ™—Ë«‚¡ß ·¥ß¥—ß√Ÿª∑’Ë 4-9 ∑’Ë¢π“¥°”≈—ß¢¬“¬ 5000 ‡∑à“

√Ÿª∑’Ë 4  °≈ÿà¡∑’Ë‰¡à‰¥â‡µ√’¬¡æ◊Èπº‘«„¥Ê ¬÷¥¥â«¬‡√´‘π´’‡¡πµå√Ÿª∑’Ë 4  °≈ÿà¡∑’Ë‰¡à‰¥â‡µ√’¬¡æ◊Èπº‘«„¥Ê ¬÷¥¥â«¬‡√´‘π´’‡¡πµå√Ÿª∑’Ë 4

æ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å 
Figure 4 Non treatment surface group luted with 

Panavia®  F 2.0 ®  F 2.0 ®
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µ“√“ß∑’Ë 6 ·¥ß‡ªÕ√å‡´Áπµå¢Õß≈—°…≥–°“√À≈ÿ¥À≈—ß°“√∑¥Õ∫·√ß‡©◊Õπ µ“√“ß∑’Ë 6 ·¥ß‡ªÕ√å‡´Áπµå¢Õß≈—°…≥–°“√À≈ÿ¥À≈—ß°“√∑¥Õ∫·√ß‡©◊Õπ µ“√“ß∑’Ë 6

Table 6 Show the percentage of failure mode after shear testing Table 6 Show the percentage of failure mode after shear testing Table 6

Percentage of failure mode after shear testing 
Failure  

Mode 

Test  

groups 

Adhesive Cohesive Mixed 

À≈—ß·™àπÈ” 

24 ™—Ë«‚¡ß 

À≈—ß‡∑Õ√å‚¡

‰´§≈‘ß 1,000 

√Õ∫ 

À≈—ß·™àπÈ” 

24 ™—Ë«‚¡ß 

À≈—ß‡∑Õ√å‚¡

‰´§≈‘ß 1,000 

√Õ∫ 

À≈—ß·™àπÈ” 

24 ™—Ë«‚¡ß 

À≈—ß‡∑Õ√å‚¡

‰´§≈‘ß 1,000 

√Õ∫ 
Panavia F 2.0 

NT 

100% 100% 

Panavia F 2.0 

AP 

75% 50% 25% 50% 

Panavia F 2.0 

MZ 

85% 35% 15% 65% 

Rely X U100 

NT 

100% 

Rely X U100 

AP 

65% 50% 35% 50% 

Rely X U100 

MZ 

80% 40% 20% 60% 

√Ÿª∑’Ë 5 °≈ÿà¡∑’Ë‰¡à‰¥â‡µ√’¬¡æ◊Èπº‘«„¥Ê ¬÷¥¥â«¬‡√´‘π´’‡¡πµå 

√’‰≈‡Õ°´å¬Ÿ√âÕ¬ 
Figure 5 Non treatment surface group luted with Figure 5 Non treatment surface group luted with Figure 5

Rely X™U100 

√Ÿª∑’Ë 6  °≈ÿà¡∑’Ë‡µ√’¬¡æ◊Èπº‘«¥â«¬Õ—≈≈Õ¬¥å‰æ√‡¡Õ√å¬÷¥¥â«¬√Ÿª∑’Ë 6  °≈ÿà¡∑’Ë‡µ√’¬¡æ◊Èπº‘«¥â«¬Õ—≈≈Õ¬¥å‰æ√‡¡Õ√å¬÷¥¥â«¬√Ÿª∑’Ë 6

‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å (≈Ÿ°»√™’È

‡√´‘π´’‡¡πµå∑’ËÀ≈ß‡À≈◊ÕÕ¬Ÿà∫πæ◊Èπº‘«‡´Õ√å‚§‡π’¬

‡´√“¡‘°åÀ≈—ß°“√∑¥Õ∫) 
Figure 6 Zirconia ceramics specimen treated with Figure 6 Zirconia ceramics specimen treated with Figure 6

ALLOY PRIMER® and luted with ® and luted with ®

Panavia®  F 2.0 (Arrow points at ®  F 2.0 (Arrow points at ®

remaining cements on zirconia ceramic 

surface after shear test.) 
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√Ÿª∑’Ë 7  °≈ÿà¡∑’Ë‡µ√’¬¡æ◊Èπº‘«¥â«¬Õ—≈≈Õ¬¥å‰æ√‡¡Õ√å¬÷¥¥â«¬√Ÿª∑’Ë 7  °≈ÿà¡∑’Ë‡µ√’¬¡æ◊Èπº‘«¥â«¬Õ—≈≈Õ¬¥å‰æ√‡¡Õ√å¬÷¥¥â«¬√Ÿª∑’Ë 7

‡√´‘π´’‡¡πµå√’‰≈‡Õ°´å¬Ÿ√âÕ¬  (≈Ÿ°»√™’È‡√´‘π´’‡¡πµå∑’Ë

À≈ß‡À≈◊ÕÕ¬Ÿà∫πæ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°åÀ≈—ß°“√

∑¥Õ∫)  
Figure 7 Zirconia ceramic specimen treated with Figure 7 Zirconia ceramic specimen treated with Figure 7

ALLOY PRIMER® and luted with Rely  ® and luted with Rely  ®

X™ U100. (Arrow points at remaining 

cements on zirconia ceramic surface 

after shear test.) 

√Ÿª∑’Ë 8  °≈ÿà¡∑’Ë‡µ√’¬¡æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥â«¬‡¡∑—≈-√Ÿª∑’Ë 8  °≈ÿà¡∑’Ë‡µ√’¬¡æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥â«¬‡¡∑—≈-√Ÿª∑’Ë 8

‡´Õ√å‚§‡π’¬‰æ√‡¡Õ√å¬÷¥¥â«¬‡√´‘π´’‡¡πµåæ“π“-

‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å  (≈Ÿ°»√™’È‡√´‘π´’‡¡πµå∑’ËÀ≈ß

‡À≈◊ÕÕ¬Ÿ à∫πæ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°åÀ≈—ß°“√

∑¥Õ∫) 
Figure 8 Zirconia ceramic specimen treated with 

Metal/Zirconia Primer® and luted with ® and luted with ®

Panavia®  F 2.0. (Arrows point at ®  F 2.0. (Arrows point at ®

remaining cements on zirconia ceramic 

surface after shear test.) 

√Ÿª∑’Ë 9  °≈ÿà¡∑’Ë‡µ√’¬¡æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥â«¬‡¡∑—≈√Ÿª∑’Ë 9  °≈ÿà¡∑’Ë‡µ√’¬¡æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥â«¬‡¡∑—≈√Ÿª∑’Ë 9

‡´Õ√å‚§‡π’¬‰æ√‡¡Õ√å¬÷¥¥â«¬‡√´‘π´’‡¡πµå√’‰≈‡Õ°´å 

¬Ÿ√âÕ¬ (≈Ÿ°»√™’È‡√´‘π´’‡¡πµå∑’ËÀ≈ß‡À≈◊ÕÕ¬Ÿà∫πæ◊Èπº‘«

‡´Õ√å‚§‡π’¬‡´√“¡‘°åÀ≈—ß°“√∑¥Õ∫)  
Figure 9 Zirconia ceramic specimen treated with 

Metal/Zirconia Primer® and luted with ® and luted with ®

Rely X™ U100. (Arrows point at 

remaining cements on zirconia ceramic 

surface after shear test.) 

 ¿“ææ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å∑’Ë‡µ√’¬¡æ◊Èπº‘«·∫∫

µà“ßÊ À≈—ß®“°‡√´‘π´’‡¡πµåÀ≈ÿ¥ÕÕ°®“°‡´√“¡‘°åÀ≈—ß 

‡∑Õ√å‚¡‰´§≈‘ß 1000 √Õ∫ ·¥ß¥—ß√Ÿª∑’Ë 10-15 ∑’Ë¢π“¥

°”≈—ß¢¬“¬ 5000 ‡∑à“ 

      

      

     

√Ÿª∑’Ë 10 °≈ÿà¡∑’Ë‰¡à‰¥â‡µ√’¬¡æ◊Èπº‘«„¥Ê ¬÷¥¥â«¬‡√´‘π√Ÿª∑’Ë 10 °≈ÿà¡∑’Ë‰¡à‰¥â‡µ√’¬¡æ◊Èπº‘«„¥Ê ¬÷¥¥â«¬‡√´‘π√Ÿª∑’Ë 10

´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å À≈—ßºà“π°“√ 

‡∑Õ√å‚¡‰´§≈‘ß 
Figure 10 Non treatment surface group luted with 

Panavia®  F 2.0 after thermocycling.  ®  F 2.0 after thermocycling.  ®
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√Ÿª∑’Ë 11  °≈ÿà¡∑’Ë‰¡à‰¥â‡µ√’¬¡æ◊Èπº‘«„¥Ê ¬÷¥¥â«¬‡√´‘π-

´’‡¡πµå√’‰≈‡Õ°´å¬Ÿ√âÕ¬ À≈—ßºà“π°“√‡∑Õ√å‚¡‰´§≈‘ß 
Figure 11 Non treatment surface group luted with 

Rely X™ U100 after thermocycling. 

√Ÿª∑’Ë 12  °≈ÿ à¡∑’ Ë‡µ√’¬¡æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥â«¬√Ÿª∑’Ë 12  °≈ÿ à¡∑’ Ë‡µ√’¬¡æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥â«¬√Ÿª∑’Ë 12

Õ—≈≈Õ¬¥å‰æ√‡¡Õ√å¬÷¥¥â«¬‡√´‘π´’‡¡πµåæ“π“-

‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å À≈—ßºà“π°“√‡∑Õ√å‚¡‰´§≈‘ß  

(ZR(ZR(  = æ◊Èπº‘«‡´Õ√å‚§‡π’¬, RC = ‡√´‘π´’‡¡πµå∑’ËRC = ‡√´‘π´’‡¡πµå∑’ËRC

À≈ß‡À≈◊ÕÕ¬ŸàÀ≈—ß°“√∑¥Õ∫) 
Figure 12 Zirconia ceramic specimen treated with 

ALLOY PRIMER® and luted with ® and luted with ®

Panavia®  F 2.0 after thermocycling. ®  F 2.0 after thermocycling. ®

(ZR = zirconia ceramic surface, RC = 

remaining resin cements after shear 

test.) 

ZR 

RC 

RC 

ZR 

√Ÿª∑’Ë 13  °≈ÿà¡∑’ Ë‡µ√’¬¡æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥â«¬√Ÿª∑’Ë 13  °≈ÿà¡∑’ Ë‡µ√’¬¡æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥â«¬√Ÿª∑’Ë 13

Õ—≈≈Õ¬¥å‰æ√‡¡Õ√å¬÷¥¥â«¬‡√´‘π´’‡¡πµå√’‰≈‡Õ°´å¬Ÿ

√âÕ¬ À≈—ßºà“π°“√‡∑Õ√å‚¡‰´§≈‘ß (ZR√âÕ¬ À≈—ßºà“π°“√‡∑Õ√å‚¡‰´§≈‘ß (ZR√âÕ¬ À≈—ßºà“π°“√‡∑Õ√å‚¡‰´§≈‘ß (   = æ◊Èπº‘«

‡´Õ√å‚§‡π’¬,  RC  = ‡√´‘π´’‡¡πµå∑’ËÀ≈ß‡À≈◊ÕÕ¬ŸàRC  = ‡√´‘π´’‡¡πµå∑’ËÀ≈ß‡À≈◊ÕÕ¬ŸàRC

À≈—ß°“√∑¥Õ∫) 
Figure 13 Zirconia ceramic specimen treated with 

ALLOY PRIMER® and luted with Rely ® and luted with Rely ®

X™ U100 after thermocycling. (ZR = 

zirconia ceramic surface, RC = 

remaining resin cement after shear 

test.)

√Ÿª∑’Ë 14  °≈ÿà¡∑’Ë‡µ√’¬¡æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥â«¬√Ÿª∑’Ë 14  °≈ÿà¡∑’Ë‡µ√’¬¡æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥â«¬√Ÿª∑’Ë 14

‡¡∑—≈·Õ¥Œ’´’ø‰æ√‡¡Õ√å™π‘¥‡¡∑—≈‡´Õ√å‚§‡π’¬

‰æ√‡¡Õ√å¬÷¥¥â«¬‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß

®ÿ¥»Ÿπ¬å À≈—ßºà“π°“√‡∑Õ√å‚¡‰´§≈‘ß æ∫≈—°…≥–

¢Õß‡√´‘π´’‡¡πµå∑’Ë§√Õ∫§≈ÿ¡æ◊Èπº‘«‡´Õ√å‚§‡π’¬

‡´√“¡‘°å 
Figure 14 Zirconia ceramic specimen treated Figure 14 Zirconia ceramic specimen treated Figure 14

with Metal/Zirconia Primer® and luted ® and luted ®

with Panavia® F 2.0 after thermo-® F 2.0 after thermo-®

cycling, remaining resin cement found 

on zirconia ceramic surface.  
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∫∑«‘®“√≥å 
        °“√¬÷¥µ‘¥§√Õ∫øíπ‡´Õ√å‚§‡π’¬‡´√“¡‘°å°—∫µ—«øíπ

À≈—°¥â«¬‡√´‘π´’‡¡πµå „Àâº≈∑’Ë¥’°«à“´’‡¡πµå∑—Ë«‰ªÀ≈“¬

ª√–°“√ ‡™àπ ∑”„Àâ‡°‘¥§«“¡·π∫¢Õß¢Õ∫ ªÑÕß°—π°“√√—Ë«

´÷¡µ“¡¢Õ∫ (microleakage) ·≈–‡æ‘Ë¡°“√¬÷¥Õ¬Ÿà 

(retention) ¢Õß§√Õ∫øíπ‰¥â(1,32,33)  °“√„™â‡√´‘π´’‡¡πµå

™π‘¥‰¥‡¡∑“§√—¬‡≈µ´’‡¡πµåæ«°∫‘®’‡ÕÁ¡‡Õ ∑’Ë‰¡à¡’°≈ÿà¡

∑”ß“πæ«°øÕ‡øµ‚¡‚π‡¡Õ√å°—∫‡´Õ√å‚§‡π’¬‡´√“¡‘°å

π—Èπ „Àâ§à“‡©≈’Ë¬·√ß¬÷¥‡©◊Õπ∑’Ë§àÕπ¢â“ßµË”‡¡◊ËÕ‡∑’¬∫°—∫„™â

‡√´‘π´’‡¡πµå∑’Ë¡’°≈ÿà¡∑”ß“πøÕ‡øµ‚¡‚π‡¡Õ√å ·≈–‡¡◊ËÕ

ºà“π°“√‡∑Õ√å‚¡‰´§≈‘ß¡—°‡°‘¥°“√À≈ÿ¥¢Õß´’‡¡πµå°àÕππ”

‰ª∑¥Õ∫‡ªìπà«π¡“°(16) ¡’À≈“¬°“√»÷°…“∑’Ë·π–π”„Àâ

‡ªÉ“∑√“¬·≈–„™â‡√´‘π´’‡¡πµå∑’ Ë¡’°≈ÿ à¡∑”ß“πøÕ‡øµ‡ªÉ“∑√“¬·≈–„™â‡√´‘π´’‡¡πµå∑’ Ë¡’°≈ÿ à¡∑”ß“πøÕ‡øµ‡ªÉ“∑√“¬·≈–„™â‡√´‘π´’‡¡πµå∑’

‚¡‚π‡¡Õ√å„π°“√¬÷¥‡´Õ√å‚§‡π’¬‡´√“¡‘°å(14,16,17,34)

‡π◊ËÕß®“°„Àâ§à“·√ß¬÷¥‡©◊Õπ∑’ËŸß°«à“‡√´‘π´’‡¡πµå∑’Ë‰¡à¡’

°≈ÿ à¡∑”ß“πøÕ‡øµ·≈–Õ¬Ÿà„π‡°≥±å∑’ Ë¬Õ¡√—∫‰¥â∑“ß

§≈‘π‘° §◊Õ Õ¬Ÿà√–À«à“ß 10 -13 ‡¡°°–ª“§“≈(35)  ‡√´‘π

´’‡¡πµå∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È§◊Õ‡√´‘π´’‡¡πµåæ“π“‡«’¬-

‡ÕøÕß®ÿ¥»Ÿπ¬å·≈–√’‰≈‡ÕÁ°´å¬Ÿ√âÕ¬‡ªìπ™π‘¥∑’Ë¡’øÕ‡øµ

‚¡‚π‡¡Õ√å∑—Èß§Ÿà à«π¢Õßæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬åπ—Èπ®–

ª√–°Õ∫¥â«¬∫‘‚æ≈’‡Õ∑Õ°´’‡≈µ‡√´‘π (bispolyethoxy-

lated resin) ª√‘¡“≥√âÕ¬≈– 78 ‚¥¬πÈ”Àπ—° ‚¥¬¡’°≈ÿà¡

∑”ß“π§◊Õ ‡ÕÁ¡¥’æ’ (MDP:10-methacry-loyloxy-

decyldihydrogen phosphate)(36) à«π√’‰≈‡ÕÁ°´å¬Ÿ√âÕ¬ à«π√’‰≈‡ÕÁ°´å¬Ÿ√âÕ¬ à«π√’‰≈‡ÕÁ°´å

ª√–°Õ∫¥â«¬‡¡∑“§√—¬‡≈µ‚¡‚π‡¡Õ√å∑’Ë¡’°≈ÿà¡∑”ß“π ‡ªìπ°

√¥øÕøÕ√‘°(37) (methacrylate monomers con-

taining phosphoric acid groups) ´÷Ëß°≈ÿà¡∑”ß“π∑—Èß

Õßµ—«π’È¡’§«“¡·µ°µà“ß°—π ®“°º≈°“√»÷°…“π’Èæ∫«à“

‡´Õ√å‚§‡π’¬‡´√“¡‘°å∑’Ë‰¡à‰¥â‡µ√’¬¡æ◊Èπº‘«∑—Èß°≈ÿà¡∑’Ë·™àπÈ” ‡´Õ√å‚§‡π’¬‡´√“¡‘°å∑’Ë‰¡à‰¥â‡µ√’¬¡æ◊Èπº‘«∑—Èß°≈ÿà¡∑’Ë·™àπÈ” ‡´Õ√å‚§‡π’¬‡´√“¡‘°å∑’Ë‰¡à‰¥â‡µ√’¬¡æ◊

24 ™—Ë«‚¡ß·≈–°≈ÿà¡∑’Ëºà“π‡∑Õ√å‚¡‰´§≈‘ß °“√„™â‡√´‘π

´’‡¡πµå√’‰≈‡Õ°´å¬Ÿ√âÕ¬„Àâ§à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ∑’ËµË”

°«à“‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬åÕ¬à“ß¡’π—¬

”§—≠∑“ß∂‘µ‘ ‡π◊ËÕß®“°§à“°”≈—ß·√ß¥—¥ (flexural 

strength) ¢Õß‡√´‘π´’‡¡πµå ¢π“¥·≈–ª√‘¡“≥¢Õß«—¥ÿ

Õ—¥·∑√°„π‡√´‘π´’‡¡πµåàßº≈µàÕ§à“·√ß¬÷¥µ‘¥ ‚¥¬«—¥ÿ

Õ—¥·∑√°∑’Ë¡’¢π“¥„À≠àÕ“®‰ª¢—¥¢«“ß‰¡à„Àâ‡√´‘π‡¡∑√‘°´å

·∑√°´÷¡‡¢â“‰ª„πæ◊Èπº‘«∑’Ë¢√ÿ¢√– ∑”„Àâ§à“·√ß¬÷¥µ‘¥≈¥

≈ß(38) ·≈–‡√´‘π´’‡¡πµå∑’Ë¡’ª√‘¡“≥«—¥ÿÕ—¥·∑√°πâÕ¬¡—°

¥Ÿ¥πÈ”¡“°°«à“‡√´‘π´’‡¡πµå∑’Ë¡’ª√‘¡“≥«—¥ÿÕ—¥·∑√°Ÿß 

àßº≈„Àâ‡°‘¥°“√≈“¬µ—«¢Õß‡√´‘π´’‡¡πµå ∑”„Àâ§à“·√ß

¬÷¥µ‘¥≈¥≈ß(39) ®“°°“√»÷°…“π’È‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫¢π“¥

¢Õß«—¥ÿÕ—¥·∑√°„π‡√´‘π´’‡¡πµå∑—ÈßÕß™π‘¥ æ∫«à“‡√´‘π

´’‡¡πµå√’‰≈‡Õ°´å¬Ÿ√âÕ¬¡’¢π“¥¢Õß«—¥ÿÕ—¥·∑√°‚¥¬‡©≈’Ë¬ 

12.5 ‰¡‚§√‡¡µ√·≈–¡’ª√‘¡“≥«—¥ÿÕ—¥·∑√°√âÕ¬≈– 70 

‚¥¬πÈ”Àπ—°(40) ‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å¡’ ‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å¡’ ‡√´‘π´

¢π“¥¢Õß«—¥ÿÕ—¥·∑√°√–À«à“ß 0.04 ∂÷ß 0.9 ‰¡‚§√‡¡µ√

·≈–¡’ª√‘¡“≥«—¥ÿÕ—¥·∑√°√âÕ¬≈– 73 ‚¥¬πÈ”Àπ—°(36)

¢π“¥¢Õß«—¥ÿÕ—¥·∑√°∑’Ë„À≠à¢Õß‡√´‘π´’‡¡πµå√’‰≈‡Õ°´å¬Ÿ

√âÕ¬ Õ“®‰ª¢—¥¢«“ß°“√·∑√°´÷¡¢Õß‡√´‘π‡¡∑√‘°´å√à«¡

°—∫¡’ª√‘¡“≥«—¥ÿÕ—¥·∑√°πâÕ¬ ∑”„Àâ¥Ÿ¥πÈ”Ÿß‡°‘¥°“√

≈“¬ (degradation) ¢Õßµ—«‡√´‘π´’‡¡πµå àßº≈„Àâ§à“

‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ∑’Ë‰¥âµË”°«à“‡√´‘π´’‡¡πµåæ“π“-

‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å  ”À√—∫§à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ

À≈—ß‡∑Õ√å‚¡‰´§≈‘ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√·™àπÈ” 24 

™—Ë«‚¡ß ‰¡à«à“®–‡ªìπ‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å

À√◊Õ√’‰≈πå‡Õ°´å¬Ÿ√âÕ¬°Á„Àâ§à“∑’Ë≈¥≈ßÕ¬à“ß¡’π—¬”§—≠∑“ß

∂‘µ‘ ‡π◊ËÕß®“°‡°‘¥°“√≈“¬¢Õßµ—«‡√´‘π´’‡¡πµå‡Õß(41)

À√◊Õ‡°‘¥æ≈“µ‘‰´å‡´™—Ëπ (plasticization effect) ¢Õß

√Ÿª∑’Ë 15  °≈ÿ à¡∑’ Ë‡µ√’¬¡æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥â«¬√Ÿª∑’Ë 15  °≈ÿ à¡∑’ Ë‡µ√’¬¡æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥â«¬√Ÿª∑’Ë 15

‡¡∑—≈‡´Õ√å‚§‡π’¬‰æ√‡¡Õ√å¬÷¥¥â«¬‡√´‘π´’‡¡πµå√’

‰≈‡Õ°´å¬Ÿ√âÕ¬ À≈—ßºà“π°“√‡∑Õ√å‚¡‰´§≈‘ß æ∫

≈—°…≥–¢Õß‡√´‘π´’‡¡πµå∑’Ë§√Õ∫§≈ÿ¡æ◊Èπº‘«‡´Õ√å

‚§‡π’¬‡´√“¡‘°å 
Figure 15 Zirconia ceramic specimen treated with Figure 15 Zirconia ceramic specimen treated with Figure 15

Metal/Zirconia Primer® and luted with ® and luted with ®

Rely X™ U100 after thermo-cycling, 

remaining resin cement found on 

zirconia ceramic surface.  
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‡√´‘π‡¡∑√‘°´å‡¡◊ËÕ¡’πÈ”‡¢â“·∑√° ‚¥¬πÈ”∑’Ë¡’¢π“¥‚¡‡≈°ÿ≈

‡≈Á°“¡“√∂·∑√°´÷¡‡¢â“‰ª„π™àÕß«à“ßÕ‘√–√–¥—∫π“‚π 

(nano-size free-volume space) √–À«à“ß“¬‚æ≈’‡¡Õ√å

À√◊Õ‡¢â“‰ª·∑√°√Õ∫Ê °≈ÿà¡∑”ß“π∑’Ë∑”„Àâ‡°‘¥æ—π∏–

‰Œ‚¥√‡®π àßº≈„Àâ§«“¡‡∂’¬√µàÕÕÿ≥À¿Ÿ¡‘ (thermal 

stability) ≈¥≈ß(42-44) ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥¡∫—µ‘

∑“ß°“¬¿“æ (mechanical properties) ¢Õß‡√´‘π

´’‡¡πµå(45)´’‡¡πµå(45)´’‡¡πµå  πÕ°®“°π’È‡¡◊ËÕ¡’°“√¥Ÿ¥´÷¡πÈ” (water 

sorption) àßº≈„Àâ‡°‘¥°“√¬àÕ¬≈“¬‚¥¬πÈ”·≈–Õÿ≥À¿Ÿ¡‘

(hydrothermal degradation) ´÷Ëß‡°‘¥®“°¢∫«π°“√ 

‡∑Õ√å‚¡‰´§≈‘ß ∑”„Àâ™—Èπ‡√´‘π´’‡¡πµå‡°‘¥°“√ÕàÕπµ—«≈ß

·≈–¡’°“√°√–®“¬·√ß∫√‘‡«≥√Õ¬µàÕ (interface) √–À«à“ß

‡√´‘π´’‡¡πµå·≈–æ◊Èπº‘«¢Õß‡´Õ√å‚§‡π’¬‡´√“¡‘°å‡ª≈’Ë¬π 

·ª≈ß‰ª ·¡â¡’·√ß¡“°√–∑”‡æ’¬ß‡≈Á°πâÕ¬°Á∑”„Àâ‡°‘¥°“√

À≈ÿ¥‰¥â(39,41) ´÷ ËßÕ¥§≈âÕß°—∫√Ÿª®“°°≈âÕß®ÿ≈∑√√»πå

Õ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥«à“À≈—ß°“√ºà“π‡∑Õ√å‚¡‰´§≈‘ß

®–æ∫≈—°…≥–°“√·µ°À—°‡ªìπ·∫∫√«¡∑’Ë¡“°¢÷Èπ         

 πÕ°®“°°“√‡≈◊Õ°„™â‡√´‘π´‘π´’‡¡πµå∑’Ë‡À¡“–¡·≈â« 

°“√¬÷¥µ‘¥∑’Ë¥’®–‡°‘¥¢÷Èπ‰¥âµâÕß¡’°“√‡µ√’¬¡æ◊Èπº‘«¢Õßµ—«°“√¬÷¥µ‘¥∑’Ë¥’®–‡°‘¥¢÷Èπ‰¥âµâÕß¡’°“√‡µ√’¬¡æ◊Èπº‘«¢Õßµ—«°“√¬÷¥µ‘¥∑’Ë¥’®–‡°‘¥¢÷Èπ‰¥âµâÕß¡’°“√‡µ

‡´√“¡‘°å¥â«¬ ‡´Õ√å‚§‡π’¬‡´√“¡‘°å∑’Ë‰¡à¡’°“√‡µ√’¬¡æ◊Èπ

º‘«„¥Ê ‡≈¬®–¡’§«“¡‡©◊ËÕ¬ (inert) ¡’æ≈—ßß“πæ◊Èπº‘«·≈–

°“√‰À≈·ºàµË”(46,47) ”À√—∫°“√„™â‡¡∑—≈·Õ¥Œ’´’ø‰æ√‡¡Õ√å

®“°°“√∑¥≈Õßπ’È °≈ÿà¡∑’Ë‡µ√’¬¡æ◊Èπº‘«¥â«¬‡¡∑—≈·Õ¥Œ’´’ø

‰æ√‡¡Õ√å„Àâ§à“‡©≈’ Ë¬·√ß¬÷¥‡©◊Õπ∑’ ËŸß°«à“°≈ÿ à¡∑’ Ë‰¡à¡’

°“√‡µ√’¬¡æ◊Èπº‘«„π°√≥’·™àπÈ” 24 ™—Ë«‚¡ß·≈–°≈ÿà¡∑’Ëºà“π

°“√‡∑Õ√å‚¡‰´§≈‘ß º≈µ√«®≈—°…≥–°“√À≈ÿ¥¢Õß‡√´‘π

´’‡¡πµå°—∫æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å∑’Ë¡’°“√‡µ√’¬¡æ◊Èπ

º‘«¥â«¬‡¡∑—≈·Õ¥Œ’´’ø‰æ√‡¡Õ√å æ∫«à“≈—°…≥–°“√À≈ÿ¥

∫“ßà«π‡ªìπ·∫∫º¡ ‰¡à‡ªìπ·∫∫·Õ¥Œ’´’ø∑—ÈßÀ¡¥¥—ß∑’Ë

æ∫„π°≈ÿà¡∑’Ë‰¡à‰¥â‡µ√’¬¡æ◊Èπº‘«„¥Ê ·¥ß«à“‡¡∑—≈·Õ¥-

Œ’´’ø‰æ√‡¡Õ√å¡’à«π™à«¬‡æ‘Ë¡°“√¬÷¥µ‘¥¢Õß‡√´‘π´’‡¡πµå

°—∫æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å ‚¥¬‡¡∑—≈·Õ¥Œ’´’ø‰æ√

‡¡Õ√å ™π‘¥Õ—≈≈Õ¬¥å‰æ√‡¡Õ√å„Àâ§à“‡©≈’Ë¬·√ß¬÷¥‡©◊Õπ∑’ËŸß

°«à“°≈ÿà¡∑’Ë„™â‡¡∑—≈‡´Õ√å‚§‡π’¬‰æ√‡¡Õ√åÕ¬à“ß¡’π—¬”§—≠

∑“ß∂‘µ‘ ‡π◊ËÕß®“°‡ÕÁ¡¥’æ’́ ÷Ëß‡ªìπà«πª√–°Õ∫„πÕ—≈≈Õ¬¥å-

‰æ√‡¡Õ√å “¡“√∂¬÷¥µ‘¥‚¥¬µ√ß‰¥â°—∫‡´Õ√å‚§‡π’¬¡ÕÕ°-‰æ√‡¡Õ√å “¡“√∂¬÷¥µ‘¥‚¥¬µ√ß‰¥â°—∫‡´Õ√å‚§‡π’¬¡ÕÕ°-‰æ√‡¡Õ√å

‰´¥å·≈–‡°‘¥æ—π∏–∑“ß‡§¡’∑’ Ëµâ“π∑“πµàÕ°“√∂Ÿ°πÈ”‰¥â 

(water-resistant bond)(16) µà“ß®“°‡¡∑—≈‡´Õ√å‚§‡π’¬‰æ√-

‡¡Õ√å ∑’Ë¡’°≈ÿà¡∑”ß“π∑’Ë‡°‘¥æ—π∏–∑“ß‡§¡’°—∫‡´Õ√å‚§‡π’¬¡

ÕÕ°‰´¥å ·µà°Á‡ªìπæ—π∏–∑’Ë‰¡à§ß∑π·≈–¡’≈—°…≥–∑’Ë™Õ∫

πÈ” (hydrophilic) Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Yang

·≈–§≥–(48) ‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬·√ß¬÷¥µ‘¥√–À«à“ß

°“√‡µ√’¬¡æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥â«¬‡¡∑—≈·Õ¥Œ’´’ø

‰æ√‡¡Õ√å 3 ™π‘¥ (‡¡∑—≈‡´Õ√å‚§‡π’¬‰æ√‡¡Õ√å Õ—≈≈Õ¬¥å

‰æ√‡¡Õ√å·≈–‡§≈’¬√åøî≈‡´√“¡‘°å‰æ√‡¡Õ√å (Clearfil 

Ceramic Primer®, Kuraray, Japan) ·≈–°≈ÿà¡§«∫§ÿ¡

∑’Ë‰¡à¡’°“√‡µ√’¬¡æ◊Èπº‘«„¥Ê À≈—ß·™àπÈ” 3 «—π ·≈– 150 «—π 

æ∫«à“À≈—ß·™àπÈ” 150 «—π °≈ÿà¡∑’Ë„™âÕ—≈≈Õ¬¥å‰æ√‡¡Õ√å·≈–

‡§≈’¬√åøî≈‡´√“¡‘°å‰æ√‡¡Õ√å„Àâ§à“‡©≈’Ë¬·√ß¬÷¥µ‘¥Ÿß°«à“

°≈ÿà¡∑’Ë‰¡à‡µ√’¬¡æ◊Èπº‘«·≈–°≈ÿà¡‡¡∑—≈‡´Õ√å‚§‡π’¬‰æ√‡¡Õ√å

Õ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘ ¡’À≈“¬°“√»÷°…“°≈à“««à“‡ÕÁ¡ 

¥’æ’“¡“√∂¬÷¥µ‘¥‚¥¬µ√ß‰¥â°—∫ÕÕ°‰´¥å¢Õß‚≈À– ‰¥â·°à 

‚§√‡¡’¬¡ (chromium) π‘°‡°‘È≈ (nickel) Õ≈Ÿ¡‘‡π’¬¡ 

‰∑‡∑‡π’¬¡ (titanium) ·≈–‡´Õ√å‚§‡π’¬¡(49) °“√¬÷¥µ‘¥

∑“ß‡§¡’√–À«à“ß‡ÕÁ¡¥’æ’°—∫‡´Õ√å‚§‡π’¬‡´√“¡‘°åÕ“®¡“

®“°°“√‡°‘¥æ—π∏–‰Œ‚¥√‡®π√–À«à“ß°≈ÿ à¡‰Œ¥√Õ°´‘≈ 

(hydroxyl) „π‡ÕÁ¡¥’æ’·≈–°≈ÿà¡‰Œ¥√Õ°´‘≈∑’Ëæ◊Èπº‘«‡´Õ√å

‚§‡π’¬‡´√“¡‘°å(50)‚§‡π’¬‡´√“¡‘°å(50)‚§‡π’¬‡´√“¡‘°å            

à«πª√–°Õ∫¢ÕßÕ—≈≈Õ¬¥å‰æ√‡¡Õ√åπÕ°®“°ª√–°Õ∫

¥â«¬‡ÕÁ¡¥’æ’¬—ß¡’«’∫’‡Õ∑’¥’∑’ (VBATDT = VTD: 6-(4-

vinylbenzyl-n-propyl)amino-1,3,5-triazine2,4-

dithione) ¡’√“¬ß“π«à“ «’∫’‡Õ∑’¥’∑’Õ“®®–¬—∫¬—Èß°“√‡°‘¥

‚æ≈’‡¡Õ√å‰√‡´™—Ëπ¢Õß‡√´‘π´’‡¡πµå∑’Ëª√–°Õ∫¥â«¬‡∫π‚´

Õ‘≈‡ªÕ√åÕÕ°‰´¥å‡Õ¡’π (benzoyl peroxide-amine 

initiator system) ‡™àπ æ“π“‡«’¬¬’Ë‘∫‡ÕÁ¥ (Panavia® 

21, Kuraray, Japan) ·≈–æ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å(51,52) ·≈–æ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å(51,52) ·≈–æ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å

àßº≈„Àâ§à“·√ß¬÷¥µ‘¥‰¡à¥’ Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß 

Yun ·≈–§≥–(53) ∑’Ëæ∫«à“°≈ÿà¡∑’Ë„™â‡¡∑—≈·Õ¥Œ’´’ø‰æ√

‡¡Õ√å∑’Ë¡’‡æ’¬ß«’∫’‡Õ∑’¥’Õ¬à“ß‡¥’¬«„Àâ§à“·√ß¬÷¥µ‘¥∑’ËµË”°«à“

°≈ÿà¡∑’Ë„™â‰æ√‡¡Õ√å∑’Ë¡’‡ÕÁ¡¥’æ’‡ªìπà«πª√–°Õ∫ ®“°°“√

»÷°…“§√—Èßπ’Èæ∫«à“°“√·µ°À—°∑’Ë‡°‘¥¢÷Èπ„π°≈ÿà¡∑’Ë„™âÕ—≈-

≈Õ¬¥å‰æ√‡¡Õ√å¡—°‡ªìπ·∫∫·Õ¥Œ’´’ø¡’·∫∫º¡∫â“ß‡≈Á°

πâÕ¬ ·¥ß«à“«’∫’‡Õ∑’¥’∑’Õ“®¡’º≈µàÕ°“√‚æ≈’‡¡Õ√å‰√‡´- 

™—Ëπ¢Õß‡√´‘π´’‡¡πµå‡æ’¬ß‡≈Á°πâÕ¬ ‡æ√“–°“√·µ°À—°∑’Ë‡°‘¥

à«π„À≠à‡ªìπ·∫∫·Õ¥Œ’´’ø ·¥ß«à“®ÿ¥ÕàÕπ‰¡à‰¥âÕ¬Ÿà∑’Ëµ—«

‡√´‘π´’‡¡πµå °“√∑’Ë‡√´‘π´’‡¡πµå·≈–Õ—≈≈Õ¬¥å‰æ√‡¡Õ√å¡’
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à«πº¡¢Õß‡ÕÁ¡¥’æ’‡ªìπà«π”§—≠∑”„Àâ·√ß¬÷¥µ‘¥°—∫

‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥’¢÷Èπ ‡ÀÁπ‰¥â«à“§à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥

‡©◊Õπ„π°≈ÿà¡Õ—≈≈Õ¬¥å‰æ√‡¡Õ√åŸß°«à“°≈ÿà¡Õ◊ËπÊ Õ¬à“ß¡’

π—¬”§—≠∑“ß∂‘µ‘ ®÷ßÕ“®√ÿª‰¥â«à“«’∫’‡Õ∑’¥’∑’‡æ’¬ßÕ¬à“ß

‡¥’¬«‰¡à™à«¬„Àâ§à“·√ß¬÷¥µ‘¥¥’¢÷Èπ ·µà∂â“¡’∑—Èß‡ÕÁ¡¥’æ’·≈– 

«’∫’‡Õ∑’¥’∑’§à“·√ß¬÷¥µ‘¥∑’Ë‰¥âŸß¢÷Èπ Õ¥§≈âÕß°—∫°“√

»÷°…“¢Õß de Souza ·≈–§≥–(54)  

‡ÕÁ¡¥’æ’∑’Ë¡’„πæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å·≈–Õ—≈≈Õ¬¥å-

‰æ√‡¡Õ√åπ—Èπª√–°Õ∫¥â«¬ 3 Õß§åª√–°Õ∫∑’Ë∑”ß“π·µ°

µà“ß°—π §◊Õ ‡¡µâ“§√—¬‚≈Õ‘≈ (methacryloyl) °≈ÿà¡‡¥´‘≈

À√◊ÕÕ—≈§‘≈ (decyl or alkyl groups) ·≈– °≈ÿà¡‰¥-

‰Œ‚¥√‡®π øÕ‡øµ (dihydrogen phosphate)(55) ‡¡µâ“-

§√—¬‚≈Õ‘≈‡ªìπ‘Ëß®”‡ªìπ∑”„Àâ‡°‘¥‚æ≈’‡¡Õ√å‰√‡´™—Ëπ√à«¡°—π

√–À«à“ß‡ÕÁ¡¥’æ’‚¡‚π‡¡Õ√å°—∫‡√´‘π‡¡∑√‘°´å¢Õß‡√´‘π-

´’‡¡πµå ‰¥‰Œ‚¥√‡®πøÕ‡øµ‡ªìπà«π∑’Ë∑”„Àâ‡°‘¥æ—π∏–

∑“ß‡§¡’°—∫ÕÕ°‰´¥å¢Õß‚≈À– ·≈–°≈ÿà¡‡¥´‘≈´÷Ëß‡ªìπ°≈ÿà¡

‰¡à™Õ∫πÈ”®–‡ªìπµ—«ªÑÕß°—π°“√·∑√°´÷¡¢ÕßπÈ”∫√‘‡«≥

√Õ¬µàÕ (adhesive interface) ≈¥°“√‡°‘¥‰Œ‚¥√‰≈´‘ 

À√◊Õ‡°‘¥™â“≈ß Õ¥§≈âÕß°—∫º≈°“√»÷°…“§√—Èßπ’È∑’Ëæ∫«à“

°≈ÿà¡∑’Ë‡µ√’¬¡æ◊Èπº‘«‡´Õ√å‚§‡π’¬‡´√“¡‘°å¥â«¬Õ—≈≈Õ¬¥å

‰æ√‡¡Õ√å„Àâ§à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ∑’Ë¥’°«à“°≈ÿà¡Õ◊ËπÊ 

∂÷ß·¡â®–ºà“π°“√‡∑Õ√å‚¡‰´§≈‘ß¡“·≈â«°Áµ“¡ 

 ‡¡∑—≈‡´Õ√å‚§‡π’¬‰æ√‡¡Õ√åª√–°Õ∫¥â«¬à«πÀ≈—°Ê 

§◊Õ °√¥øÕ‚øπ‘° (phosphonic acid : -P(=O)(OH)
2
)

°√¥øÕ‚øπ‘°¡’ª√–‘∑∏‘¿“æ∑”„Àâ§à“°”≈—ß·√ß¬÷¥‡©◊Õπ

√–À«à“ß‡√´‘π´’‡¡πµå·≈–‡´Õ√å‚§‡π’¬‡´√“¡‘°åÀ≈—ß·™àπÈ” 

24 ™—Ë«‚¡ßŸß°«à“°≈ÿà¡∑’Ë‰¡à¡’°“√‡µ√’¬¡æ◊Èπº‘«„¥Ê Õ¬à“ß¡’

π—¬”§—≠∑“ß∂‘µ‘ °“√¬÷¥µ‘¥∑“ß‡§¡’√–À«à“ß°√¥øÕ-π—¬”§—≠∑“ß∂‘µ‘ °“√¬÷¥µ‘¥∑“ß‡§¡’√–À«à“ß°√¥øÕ-π—¬”§—≠∑“ß∂‘µ

‚øπ‘°°—∫‡´Õ√å‚§‡π’¬‡´√“¡‘°åÕ“®‡°‘¥®“°°“√¬÷¥µ‘¥¥â«¬

æ—π∏–‰ÕÕÕπ‘° (ionic bond) √–À«à“ß°√¥øÕ‚øπ‘°°—∫ 

ÕÕ°‰´¥å¢Õß‚≈À–(56)  

 °≈ÿà¡∑’Ë‡µ√’¬¡æ◊Èπº‘«¥â«¬‡¡∑—≈‡´Õ√å‚§‡π’¬‰æ√‡¡Õ√å„Àâ

§à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ∑’ËµË”°«à“°≈ÿà¡∑’Ë„™âÕ—≈≈Õ¬¥å‰æ√-

‡¡Õ√å Õ“®‡π◊ËÕß®“°°≈ÿà¡∑”ß“π∑’Ë¡’§«“¡‡ªìπ°√¥„π‡¡∑—≈-

‡´Õ√å‚§‡π’¬‰æ√‡¡Õ√å∑”ªØ‘°‘√‘¬“°—∫‡∑Õ√å‡™’¬√’Ë‡Õ¡’π (ter-

tiary amine) ∑’Ë‡ªìπµ—«‡√‘Ë¡ªØ‘°‘√‘¬“ (initiator) „π‡√´‘π

´’‡¡πµå ‡°‘¥µ–°Õπ’‡À≈◊Õß (yellowish salts) ‰ª¬—∫¬—Èß

ªØ‘°‘√‘¬“‚æ≈’‡¡Õ√å‰√‡´™—Ëπ¢Õß‡√´‘π´’‡¡πµå‰¥âªØ‘°‘√‘¬“‚æ≈’‡¡Õ√å‰√‡´™—Ëπ¢Õß‡√´‘π´’‡¡πµå‰¥âªØ‘°‘√‘¬“‚æ≈’‡¡Õ√å‰√‡´™—Ëπ¢Õß‡√´‘π´’‡¡πµ (57) ∑”„Àâæ∫

«à“¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥¢Õß

°≈ÿà¡∑’Ë„™â‡¡∑—≈‡´Õ√å‚§‡π’¬‰æ√‡¡Õ√å¡’°“√À≈ÿ¥¢Õß´’‡¡πµå

·∫∫√«¡¡“°°«à“°≈ÿà¡∑’Ë‰¡à‰¥â‡µ√’¬¡æ◊Èπº‘«„¥Ê  

 ªí®®—¬”§—≠∑’Ë∑”„Àâ§«“¡“¡“√∂„π°“√¬÷¥µ‘¥¢Õß

‰æ√‡¡Õ√å·µà≈–™π‘¥·µ°µà“ß°—π¢÷ÈπÕ¬Ÿà°—∫§«“¡·µ°µà“ß

¢Õß‚§√ß√â“ß∑“ß‡§¡’ ´÷Ëßàßº≈µàÕ§«“¡‡ªìπ¢—È«¢Õß

‚¡‚π‡¡Õ√å™π‘¥π—ÈπÊ ‚¥¬°√¥øÕ‚øπ‘°¡’≈—°…≥–∑’Ë‡ªìπ

¢—È«·≈–™Õ∫πÈ” Õ“®¥Ÿ¥πÈ”·¡â‡°‘¥°“√‚æ≈’‡¡Õ√å‰√‡´™—Ëπ‰ª

·≈â« àßº≈„Àâ§à“·√ß¬÷¥µ‘¥≈¥≈ß‰¥â ´÷Ëß·µ°µà“ß®“°Õ—≈-

≈Õ¬¥å‰æ√‡¡Õ√å∑’Ë¡’°≈ÿà¡‡ª´‡´Õ√å (spacer group) ‡ªìπ

“¬§“√å∫Õπ∑’ËÕ‘Ë¡µ—« (saturated carbon chain) ‰¡à¡’¢—È«

·≈–‰¡à™Õ∫πÈ” à«ππ’È‡Õß‡ªìπµ—«°—Èπ‰¡à„Àâ‚¡‡≈°ÿ≈πÈ”‡¢â“ 

‰ª√–À«à“ßæ—π∏–∑’Ë‡°‘¥¢÷ Èπ·≈–¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“

‰Œ‚¥√‰≈´‘‰¥â(58)  

∫∑√ÿª 
 ®“°¢Õ∫‡¢µ°“√»÷°…“„π§√—Èßπ’È√ÿª‰¥â«à“ ‡´Õ√å‚§

∫∑√ÿª 
 ®“°¢Õ∫‡¢µ°“√»÷°…“„π§√—Èßπ’È√ÿª‰¥â«à“ ‡´Õ√å‚§

∫∑√ÿª 

‡π’¬‡´√“¡‘°å°≈ÿà¡∑’Ë‰¡à¡’°“√‡µ√’¬¡æ◊Èπº‘«„¥Ê „Àâ§à“‡©≈’Ë¬

°”≈—ß·√ß¬÷¥‡©◊Õπ∑’ËµË”∑’Ëÿ¥∑—ÈßÀ≈—ß·™àπÈ” 24 ™—Ë«‚¡ß·≈–

À≈—ß‡∑Õ√å‚¡‰´§≈‘ß ‡´Õ√å‚§‡π’¬‡´√“¡‘°å°≈ÿà¡∑’Ë¬÷¥¥â«¬

‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å‚¥¬∑—Ë«‰ª¡’§à“‡©≈’Ë¬

°”≈—ß·√ß¬÷¥‡©◊Õπ∑’Ë¥’°«à“√’‰≈‡Õ°´å¬Ÿ√âÕ¬ 

  °“√„™â‡¡∑—≈·Õ¥Œ’´’ø‰æ√‡¡Õ√å¡’à«π™à«¬‡æ‘Ë¡°“√¬÷¥

µ‘¥√–À«à“ß‡√´‘π´’‡¡πµå°—∫‡´Õ√å‚§‡π’¬‡´√“¡‘°å ‚¥¬°≈ÿà¡

∑’Ë„™âÕ—≈≈Õ¬¥å‰æ√‡¡Õ√å„Àâ§à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ∑’Ë¥’

°«à“‡¡∑—≈‡´Õ√å‚§‡π’¬‰æ√‡¡Õ√å §«“¡™◊Èπ·≈–°“√‡ª≈’Ë¬π 

·ª≈ßÕÿ≥À¿Ÿ¡‘ ¡’º≈∑”„Àâ§à“‡©≈’Ë¬°”≈—ß·√ß¬÷¥‡©◊Õπ≈¥

≈ß 

  °“√¬÷¥µ‘¥∑’Ë¥’®–‡°‘¥¢÷Èπ‰¥â¢÷ÈπÕ¬Ÿà°—∫°“√‡≈◊Õ°™π‘¥

¢Õß‡¡∑—≈·Õ¥Œ’´’ø‰æ√‡¡Õ√å·≈–‡√´‘π´’‡¡πµå∑’Ë‡À¡“–¡

°—∫‡´Õ√å‚§‡π’¬‡´√“¡‘°å ‡¡∑—≈·Õ¥Œ’´’ø‰æ√‡¡Õ√å„π°“√

»÷°…“π’È¡’ª√–‘∑∏‘¿“æ∑”„Àâ‡°‘¥°“√¬÷¥µ‘¥∑’Ë¥’·≈–§ß∑π

√–À«à“ß™—ÈπÕÕ°‰´¥å∫πæ◊Èπº‘«¢Õß‡´Õ√å‚§‡π’¬‡´√“¡‘°å°—∫

‡√´‘π´’‡¡πµå 

°‘µµ‘°√√¡ª√–°“» 
 °“√»÷°…“§√—Èßπ’È‰¥â√—∫∑ÿππ—∫πÿπ°“√«‘®—¬®“°§≥–

∑—πµ·æ∑¬»“µ√å ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à ¢Õ¢Õ∫§ÿ≥
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Õ“®“√¬å∑—πµ·æ∑¬å‡∑æ√—µπå ‡¢¡“≈’≈“°ÿ≈ ∑’Ë‰¥â°√ÿ≥“·π– 

π”°“√„™â‡§√◊ËÕß∑¥Õ∫“°≈™π‘¥Õ‘πµ√Õπ ¢Õ¢Õ∫§ÿ≥

∫√‘…—∑ 3M ESPE, Acteon ·≈– Unity ∑’Ë„Àâ§«“¡

Õπÿ‡§√“–Àå«—¥ÿ∫“ßà«π‡æ◊ËÕ∑”°“√»÷°…“ ¢Õ¢Õ∫§ÿ≥

§≥–«‘∑¬“»“µ√å ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à ∑’Ë‡Õ◊ ÈÕ‡øóôÕ

∂“π∑’Ë·≈–„Àâ§«“¡Õπÿ‡§√“–Àå„π°“√„™âß“π°≈âÕß®ÿ≈-

∑√√»πåÕ‘‡≈Á§µ√Õπ·∫∫àÕß°√“¥  
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