
« ∑—πµ ®ÿÃ“œ 2553;33:67-76

CU Dent J. 2010;33:67-76

Original Article

∫ ∑ «‘ ∑ ¬ “ ° “ √

Õ‘∑∏‘æ≈§«“¡‡ªìπ°√¥-¥à“ßµàÕ≈—°…≥–‡©æ“–

∫πæ◊Èπº‘«§Õ¡‡¡Õ√å‡™’¬≈≈’¬å‡æ’¬«‰∑∑“‡π’¬¡

∑’Ë‡µ√’¬¡‚¥¬«‘∏’·Õ‚π‰¥‡´™—π

«√√≥°“≠®πå °“≠®π¡“ ∑.∫.1

«‘√‘∑∏‘Ïæ≈ »√’¡≥’æß»å ∑.∫., «∑.¡., ª√.¥.2

¥ÿ®ƒ∑—¬ æß…å‡°à“ §–™‘¡“ «∑.∫. (‡§¡’), «∑.¡. (‡∑§‚π‚≈¬’‡´√“¡‘°), «∑.¥. («— ¥ÿ»“ µ√å)3

1π‘ ‘µ∫—≥±‘µ»÷°…“ ¿“§«‘™“∑—πµ°√√¡ª√–¥‘…∞å §≥–∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
2¿“§«‘™“∑—πµ°√√¡ª√–¥‘…∞å §≥–∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
3¿“§«‘™“«— ¥ÿ»“ µ√å §≥–«‘∑¬“»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

∫∑§—¥¬àÕ

«—µ∂ÿª√– ß§å ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫≈—°…≥–·≈–‚§√ß √â“ßº≈÷°¢Õß™—ÈπÕÕ°‰´¥å∫πº‘«§Õ¡‡¡Õ√å‡™’¬≈≈’¬å‡æ’¬«‰∑∑“‡π’¬¡
∑—Èß°àÕπ·≈–À≈—ß°“√ª√—∫ ¿“æº‘«¥â«¬«‘∏’·Õ‚π‰¥‡´™—π ‡¡◊ËÕ„™â “√≈–≈“¬∑’Ë¡’§«“¡‡ªìπ°√¥-¥à“ßµà“ß°—π

«— ¥ÿ·≈–«‘∏’°“√ ß“π«‘®—¬π’È»÷°…“„π‚≈À–§Õ¡‡¡Õ√å‡™’¬≈≈’¬å‡æ’¬«‰∑∑“‡π’¬¡‡°√¥ 2 ∑’Ë‰¡àºà“π·≈–ºà“π
°√–∫«π°“√·Õ‚π‰¥‡´™—π ∑’Ë§«“¡µà“ß»—°¬å 20 ‚«≈µå ‡ªìπ‡«≈“ 15 π“∑’ „π “√≈–≈“¬ 3 ™π‘¥ §◊Õ °√¥øÕ øÕ√‘°
‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å ·≈–‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å ·∑π ¿“«–°√¥ °≈“ß ·≈–¥à“ßµ“¡≈”¥—∫ ß“π«‘®—¬π’È»÷°…“≈—°…≥–
·≈–‚§√ß √â“ßº≈÷°¢Õß™—ÈπÕÕ°‰´¥å‚¥¬„™â‚ª√‰ø‚≈¡‘‡µÕ√å °≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ ‡Õ°´‡√¬å
¥‘ø·ø√°™—π ·≈–§à“¡ÿ¡ —¡º—  «‘‡§√“–Àå§«“¡·µ°µà“ß¢Õß§«“¡¢√ÿ¢√–æ◊Èπº‘«·≈–§à“¡ÿ¡ —¡º— √–À«à“ß°≈ÿà¡∑“ß
 ∂‘µ‘¥â«¬°“√«‘‡§√“–Àå§«“¡·ª√ª√«π∑“ß‡¥’¬«∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95 ‡ªÕ√å‡ Á́πµå·≈–‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ·∫∫
·∑¡‡Œπ ·≈–∫Õπ‡øÕ√å‚√‡π

º≈°“√»÷°…“ æ∫«à“°√–∫«π°“√·Õ‚π‰¥‡´™—π„π “√≈–≈“¬‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å®–„Àâ§«“¡¢√ÿ¢√–æ◊Èπº‘« (0.078 ±

0.014 ‰¡‚§√‡¡µ√) ·≈–§à“¡ÿ¡ —¡º—  (16.75 ± 3.24 Õß»“) πâÕ¬°«à“‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å °√¥øÕ øÕ√‘° ·≈–
°≈ÿà¡∑’Ë‰¡àºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—πÕ¬à“ß¡’π—¬ ”§—≠ (p < 0.05)

 √ÿª ‚≈À–‰∑∑“‡π’¬¡∑’Ëºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π„π “√≈–≈“¬‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å„Àâ ¡∫—µ‘§«“¡¢√ÿ¢√–æ◊Èπ
º‘«πâÕ¬∑’Ë ÿ¥·µà„Àâ§à“§«“¡™Õ∫πÈ” Ÿß ÿ¥

(« ∑—πµ ®ÿÃ“œ 2553;33:67-76)

§” ”§—≠: §«“¡¢√ÿ¢√–æ◊Èπº‘«; §à“¡ÿ¡ —¡º— ; ·Õ‚π‰¥‡´™—π



CU Dent J. 2010;33:67-76Kanjanama W, et al68

∫∑π”

‰∑∑“‡π’¬¡‡ªìπÀπ÷Ëß„π‚≈À–∑’Ë “¡“√∂ √â“ß™—ÈπÕÕ°‰´¥å
∑’Ë‡ ∂’¬√¢÷Èπ¡“§≈ÿ¡æ◊Èπº‘«‰¥â‡Õß‡¡◊ËÕ —¡º— °—∫ÕÕ° ‘́‡®π ‚¥¬
™—ÈπÕÕ°‰´¥åπ’È¡’§«“¡Àπ“ª√–¡“≥ 2-5 π“‚π‡¡µ√ ·≈–
‡ªìπ ‘Ëß∑’Ë∑”„Àâ‰∑∑“‡π’¬¡¡’§«“¡µâ“π∑“πµàÕ°“√ ÷°°√àÕπ
(Corrosion resistance) ∑’Ë¥’  àßº≈„Àâ¡’§«“¡‡¢â“°—π‰¥â∑“ß
™’«¿“æ (Biocompatibility) ∑’Ë¥’¥â«¬1,2  ¡∫—µ‘∑’Ë¬Õ¥‡¬’Ë¬¡
¥—ß°≈à“«®÷ß∑”„Àâ¡’°“√π”‰∑∑“‡π’¬¡¡“„™â°—πÕ¬à“ß·æ√àÀ≈“¬
„πß“π∑—πµ°√√¡√“°‡∑’¬¡·≈–ß“π∑“ß°“√·æ∑¬å∑’Ë¡’°“√Ωíß
Õÿª°√≥å‡∑’¬¡„π°√–¥Ÿ° (Orthopedic implant) πÕ°‡Àπ◊Õ
®“° ¡∫—µ‘∑’Ë “¡“√∂ √â“ß™—ÈπÕÕ°‰´¥å·≈â«¬—ß¡’ªí®®—¬Õ◊ËπÊ ∑’Ë
 àßº≈µàÕ§«“¡ ”‡√Á®¢Õß°“√„™âß“π‰∑∑“‡π’¬¡∑’ËΩíß„π°√–¥Ÿ°
‡™àπ ≈—°…≥–¢Õßæ◊Èπº‘«ÕÕ°‰´¥å §«“¡™Õ∫πÈ”¢Õß™—ÈπÕÕ°‰´¥å
(Hydrophilic)  ‘Ëß‡À≈à“π’Èπ”‰ª Ÿà°“√æ—≤π“·≈–»÷°…“∂÷ß
°“√ª√—∫ ¿“æº‘«¢Õß‚≈À–‰∑∑“‡π’¬¡‡æ◊ËÕ‡æ‘Ë¡ ¡∫—µ‘¢Õß
‚≈À–‰∑∑“‡π’¬¡„Àâ¥’¬‘Ëß¢÷Èπ

ªí®®ÿ∫—π°“√ª√—∫ ¿“æº‘« (Surface modification) ¢Õß
‚≈À–‰∑∑“‡π’¬¡„Àâ¥’¢÷Èπ¡’À≈“¬«‘∏’ ‡™àπ °“√„™â°√¥ª√—∫
 ¿“æº‘« (Acid etching) æ≈“ ¡“ ‡ª√¬å‡∑§π‘§ (Plasma
spray technique) °“√‡ªÉ“¥â«¬Õπÿ¿“§‡´√“¡‘§ (Grit-blasting)
·Õ‚π‰¥‡´™—π (Anodization) ·≈–Õ◊ËπÊ Õ¬à“ß‰√°Áµ“¡∫“ß
«‘∏’¬—ßæ∫«à“¡’¢âÕ∫°æ√àÕß ‡™àπ æ≈“ ¡“ ‡ª√¬å‡∑§π‘§¡’®ÿ¥
∫°æ√àÕß∑’ËÕ“®¡’°“√À≈ÿ¥¢Õß«— ¥ÿ∑’Ëπ”¡“„™â ‡™àπ ‰Œ¥√Õ°
´’Õ–æ“‰∑µå (Hydroxyapatite) À√◊Õº≈÷°‰∑∑“‡π’¬¡3-6

«‘∏’°“√„™â°√¥À√◊Õ “√‡§¡’ª√—∫ ¿“æº‘«Õ“®≈¥ ¡∫—µ‘∑“ß°≈
¢Õß‰∑∑“‡π’¬¡À√◊Õ∑”„Àâ‡°‘¥√Õ¬·µ°∑’Ëº‘« ÷́ËßÕ“®¡’º≈µàÕ
§«“¡µâ“π∑“πµàÕ§«“¡≈â“ (Fatigue resistance) ¢Õß
√“°‡∑’¬¡‰¥â„π¿“¬À≈—ß3 ¥â«¬‡Àµÿº≈À≈“¬Ê ª√–°“√∑”„Àâ¡’
°“√§‘¥æ—≤π“«‘∏’°“√ª√—∫ ¿“ææ◊Èπº‘««‘∏’Õ◊ËπÊ Õ’°¡“°¡“¬
Àπ÷Ëß„ππ—Èπ‰¥â·°à «‘∏’·Õ‚π‰¥‡´™—π ´÷Ëß‡ªìπ°√–∫«π°“√∑“ß
‡§¡’‰øøÑ“´÷Ëß¡’®ÿ¥‡¥àπ°«à“°“√ª√—∫ ¿“ææ◊Èπº‘«¥â«¬«‘∏’Õ◊ËπÊ §◊Õ
‡ªìπ°√–∫«π°“√æ“  ‘‡«™—π (Passivation)  “¡“√∂ √â“ß„Àâ
‡°‘¥™—Èπ‰∑∑“‡π’¬¡ÕÕ°‰´¥å¡“ª°§≈ÿ¡º‘«·≈– “¡“√∂ª√—∫
 ¿“æ¢Õß™—ÈπÕÕ°‰´¥åπ—Èπ„Àâ‡ªìπ‰ªµ“¡∑’ËµâÕß°“√‚¥¬°“√
ª√—∫ªí®®—¬µà“ßÊ ‡™àπ ª√‘¡“≥§«“¡µà“ß»—°¬å ª√‘¡“≥°√–· 
‰øøÑ“ ™π‘¥·≈–§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ √–¬–‡«≈“ ·≈–
Õÿ≥À¿Ÿ¡‘ Õ“®°≈à“«‰¥â«à“°“√∑”·Õ‚π‰¥‡´™—π‡ªìπ°“√ª√—∫
 ¿“æ¢Õß™—ÈπÕÕ°‰´¥å∑—Èß„π¥â“π§«“¡Àπ“ §«“¡¢√ÿ¢√–

 à«πª√–°Õ∫ ‚§√ß √â“ßº≈÷°·≈–≈—°…≥–æ◊Èπº‘«1,7,8

§«“¡™Õ∫πÈ”¢Õß™—ÈπÕÕ°‰´¥å‡ªìπ ¡∫—µ‘∑’Ë ”§—≠„π
°“√¥Ÿ¥ —́∫‚ª√µ’π·≈–°“√¬÷¥‡°“–¢Õß‡´≈≈å°—∫™—ÈπÕÕ°‰´¥å∑’Ë
ª°§≈ÿ¡∫π‰∑∑“‡π’¬¡∑’Ëºà“π°“√ª√—∫ ¿“ææ◊Èπº‘«·≈â« æ‘®“√≥“
‰¥â®“°§à“¡ÿ¡ —¡º—  (Contact angle) ·≈–§à“æ≈—ßß“πæ◊Èπº‘«
(Surface energy) ¢Õß«— ¥ÿ ‚¥¬«— ¥ÿ∑’Ë¡’§à“æ≈—ßß“πæ◊Èπ
º‘« Ÿß®–¡’§à“¡ÿ¡ —¡º— µË” ∑”„Àâæ◊Èπº‘««— ¥ÿπ—Èπ¡’§«“¡™Õ∫πÈ”
 ¡∫—µ‘§«“¡™Õ∫πÈ”¢Õß™—ÈπÕÕ°‰´¥å∫πº‘«‰∑∑“‡π’¬¡π—ÈπÕ“®
¢÷Èπ°—∫™π‘¥¢Õß‚§√ß √â“ßº≈÷°ÕÕ°‰´¥å¥â«¬ ‡ªìπ∑’Ë∑√“∫°—π
¥’·≈â««à“™π‘¥¢ÕßÕÕ°‰´¥å∑’Ë‡ ∂’¬√∑’Ë ÿ¥ §◊Õ ‰∑∑“‡π’¬¡‰¥
ÕÕ°‰´¥å (TiO2) ·∫àßÕÕ°‰¥â‡ªìπ 3 ™π‘¥µ“¡≈—°…≥–¢Õß
‚§√ß √â“ßº≈÷° ‰¥â·°à ‡∑∑√–‚°πÕ≈Õ–π“‡∑  (tetragonal
anatase) ÕÕ‚∑√Õ¡∫‘°∫√Ÿ‰§µå (orthorhombic brookite) ·≈–
‡∑∑√–‚°πÕ≈√Ÿ‰∑≈å (tetragonal rutile) ¡’°“√»÷°…“∑’Ë
√“¬ß“πº≈·µ°µà“ß°—π‰ª ‡™àπ ¡’√“¬ß“π°≈à“«Õâ“ß«à“‚§√ß √â“ß
º≈÷°∑’Ë¡’‡©æ“–‰∑∑“‡π’¬¡‰¥ÕÕ°‰´¥å™π‘¥√Ÿ‰∑≈å®–¡’ ¡∫—µ‘‰¡à
™Õ∫πÈ” (Hydrophobic)2,9 ¢≥–∑’Ë‡¡◊ËÕ‚§√ß √â“ßº≈÷°‡ªìπ
 à«πº ¡¢Õß‰∑∑“‡π’¬¡‰¥ÕÕ°‰´¥å™π‘¥√Ÿ‰∑≈å·≈–Õ–π“‡∑ 
·≈â«®–¡’§«“¡™Õ∫πÈ”7,9 πÕ°®“°π’È¬—ß¡’√“¬ß“π«à“‰∑∑“‡π’¬¡
‰¥ÕÕ°‰´¥å™π‘¥Õ–π“‡∑ ‡ªìπµ—«∑’Ë¡’∫∑∫“∑ ”§—≠∑’Ë∑”„Àâ
‡°‘¥§«“¡™Õ∫πÈ”¢Õß™—ÈπÕÕ°‰´¥å10 ´÷ËßÕ¬à“ß‰√°Áµ“¡®π∂÷ß
ªí®®ÿ∫—π°Á¬—ß‰¡à¡’§«“¡·πà™—¥„πª√–‡¥Áππ’È

„πÕ¥’µ¡’√“¬ß“π°“√ª√—∫ ¿“æº‘«‰∑∑“‡π’¬¡¥â«¬«‘∏’
·Õ‚π‰¥‡´™—π„π “√≈–≈“¬∑’Ë·µ°µà“ß°—π´÷Ëß„Àâº≈∑’Ë·µ°µà“ß
°—πÕÕ°‰ª ¡’∑—Èß∑’Ë°≈à“««à“ “¡“√∂‡æ‘Ë¡§«“¡µâ“π∑“πµàÕ°“√
 ÷°°√àÕπ‰¥â‡¡◊ËÕ‰∑∑“‡π’¬¡ºà“π°“√ª√—∫ ¿“æº‘«¥â«¬°“√∑”
·Õ‚π‰¥‡´™—π„π “√≈–≈“¬¥à“ß‡¢â¡¢âπ8 ·≈–¡’∑’Ë· ¥ß„Àâ‡ÀÁπ
«à“°“√·Õ‚π‰¥‡´™—π„π “√≈–≈“¬°√¥µà“ßÊ ®– √â“ß§«“¡
¢√ÿ¢√–∑’Ë àßº≈¥’µàÕ°“√¬÷¥µ‘¥°—∫‡´≈≈å11 ·µàÕ¬à“ß‰√°Áµ“¡°Á¬—ß
‰¡àæ∫√“¬ß“π¢âÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß “√≈–≈“¬∑’Ë¡’§à“§«“¡
‡ªìπ°√¥-¥à“ß∑’Ë·µ°µà“ß°—π®– àßº≈µàÕ ¡∫—µ‘¢Õß™—ÈπÕÕ°‰´¥å
„π·ßà¢Õß§«“¡¢√ÿ¢√–¢Õßæ◊Èπº‘« ™π‘¥¢Õß‚§√ß √â“ßº≈÷°¢Õß
™—ÈπÕÕ°‰´¥å ·≈–§«“¡™Õ∫πÈ”¢Õßæ◊Èπº‘««— ¥ÿÀ√◊Õ‰¡à

©–π—Èπ„π°“√»÷°…“π’È®÷ß∑”‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫≈—°…≥–
·≈–‚§√ß √â“ßº≈÷°¢Õß™—ÈπÕÕ°‰´¥å∫π‰∑∑“‡π’¬¡°àÕπ·≈–
À≈—ßºà“π°“√ª√—∫ ¿“ææ◊Èπº‘«¥â«¬«‘∏’·Õ‚π‰¥‡´™—π ‡¡◊ËÕ„™â
™π‘¥¢Õß “√≈–≈“¬∑’Ë¡’§«“¡‡ªìπ°√¥-¥à“ßµà“ß°—π
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«— ¥ÿ·≈–«‘∏’°“√

«‘∏’°“√‡µ√’¬¡™‘Èπµ—«Õ¬à“ß

™‘Èπ∑¥ Õ∫¢π“¥ 10 x 15 x 1.5 ¡¡.3 ‡µ√’¬¡®“°‚≈À–
§Õ¡‡¡Õ√å‡™’¬≈≈’¬å‡æ’¬«‰∑∑“‡π’¬¡ ‡°√¥ 2 (∫√‘…—∑π“‚π™’≈¥å,
ª√–‡∑»‰∑¬) ®”π«π 30 ™‘Èπ À≈—ß®“°µ—¥™‘Èπ∑¥ Õ∫„Àâ‰¥â
¢π“¥∑’ËµâÕß°“√·≈â«®÷ß¢—¥¥â«¬‡§√◊ËÕß¢—¥º‘««— ¥ÿ (DPS 3200,
IMPTECH, South Africa) ‚¥¬„™â°√–¥“…∑√“¬πÈ”µ—Èß·µà
‡∫Õ√å 600 ∂÷ß 2000 ·≈– ‘Èπ ÿ¥¥â«¬°“√¢—¥¥â«¬ºß¢—¥‡æ™√
(Diamond paste) ¢π“¥ 6 3 ·≈– 1 ‰¡§√Õπµ“¡≈”¥—∫
·≈â«∑”§«“¡ –Õ“¥¥â«¬‡§√◊ËÕßÕ—≈∑√“‚´π‘°„π “√≈–≈“¬
Õ–´’‚µπ 5 π“∑’ ·≈–≈â“ß¥â«¬πÈ”°≈—Ëπ ™‘Èπ∑¥ Õ∫∑—ÈßÀ¡¥®–
∂Ÿ°π”‰ª·™à„π “√≈–≈“¬°√¥‰Œ‚¥√ø≈ŸÕÕ√‘° 1 ‡ªÕ√å‡ Á́πµå
(Hydrofluoric acid 1%) π“π 1 π“∑’ ‡≈◊Õ°‰∑∑“‡π’¬¡
·∫∫ ÿà¡®”π«π 10 ™‘Èπ‰ª«—¥·≈–∫—π∑÷°§«“¡¢√ÿ¢√–æ◊Èπº‘«
°àÕπ∑”·Õ‚π‰¥‡´™—π¥â«¬‡§√◊ËÕß‚ª√‰ø‚≈¡‘‡µÕ√å (Talyscan
150, England) „™â‡∑§π‘§À—«‡¢Á¡ √–¬–«—¥ 7 ¡¡. µ—«°√Õß
‡°“ å‡´’¬π (Gaussian Filter) 0.25 ¡¡. √“¬ß“πº≈‡ªìπ§à“
Ra (Arithmetical mean roughness) ·≈–„™â‡ªìπ§à“
§«“¡¢√ÿ¢√–æ◊Èπº‘« (Surface roughness) ¢Õß°≈ÿà¡∑’Ë‰¡àºà“π
°√–∫«π°“√·Õ‚π‰¥‡´™—π ®“°π—Èπ∑”°“√‡≈◊Õ°·∫∫ ÿà¡®”π«π
5 ™‘Èπ®“°®”π«π 10 π’È ¡“«—¥§à“¡ÿ¡ —¡º— ¥â«¬§Õπ·∑°·Õß‡°‘≈
¡‘‡µÕ√å (CA-A , Face, Kyowa Interface Science CO., LTD,
Japan) ‚¥¬„™âπÈ”°≈—Ëπ ®“°π—Èππ”™‘Èπ∑¥ Õ∫∑—ÈßÀ¡¥¡“√«¡
°—πÕ’°§√—Èß·≈â«·∫àß™‘Èπ∑¥ Õ∫∑—Èß 30 ™‘Èπ·∫∫ ÿà¡‡ªìπ 3 °≈ÿà¡
 “√≈–≈“¬ °≈ÿà¡≈– 10 ™‘Èπ ‡æ◊ËÕ‡ªìπµ—«·∑π°“√∑”·Õ‚π‰¥
‡´™—π„π “√≈–≈“¬∑’Ë‡ªìπ°√¥ °≈“ß ·≈–¥à“ß

°√–∫«π°“√·Õ‚π‰¥‡´™—π ·≈–°“√«‘‡§√“–Àå¡ÿ¡ —¡º— 

™‘Èπ∑¥ Õ∫∑—Èß 3 °≈ÿà¡ °≈ÿà¡≈– 10 ™‘Èπ ®–‡¢â“ Ÿà°√–∫«π
°“√·Õ‚π‰¥‡´™—π‚¥¬«‘∏’‚æ‡∑π∑‘‚Õ ·∑∑‘° (Potentiostatic)
„™â§«“¡µà“ß»—°¬å 20 ‚«≈µå ‡ªìπ‡«≈“ 15 π“∑’ „π “√≈–≈“¬
∑’Ë¡’§«“¡‡ªìπ°√¥-¥à“ßµà“ß°—π 3 ™π‘¥ ‰¥â·°à  “√≈–≈“¬°√¥
øÕ øÕ√‘° (Phosphoric acid, H3PO4) §à“§«“¡‡ªìπ
°√¥-¥à“ß‡∑à“°—∫ 0.4  “√≈–≈“¬‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å (Sodium
fluoride solution, NaF) §à“§«“¡‡ªìπ°√¥-¥à“ß‡∑à“°—∫ 8
·≈– “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å (Sodium hydroxide
solution, NaOH) §à“§«“¡‡ªìπ°√¥-¥à“ß‡∑à“°—∫ 13  “√≈–≈“¬
∑—Èß 3 ™π‘¥¡’§«“¡‡¢â¡¢âπ 1 ‚¡≈“√å ®“°π—Èπ≈â“ß¥â«¬πÈ”°≈—Ëπ

·≈â«‡ªÉ“·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈–π”¡“«—¥§à“§«“¡¢√ÿ¢√–æ◊Èπº‘«
À≈—ß∑”·Õ‚π‰¥‡´™—π¥â«¬‡§√◊ËÕß‚ª√‰ø‚≈¡‘‡µÕ√å π”µ—«·∑π
™‘Èπ∑¥ Õ∫∑’Ëºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π∑’Ë∑”°“√‡≈◊Õ°·∫∫
 ÿà¡ °≈ÿà¡≈– 5 ™‘Èπ®“° 10 ™‘Èπ¢Õß·µà≈–°≈ÿà¡ “√≈–≈“¬¡“
«—¥§à“¡ÿ¡ —¡º—  π”§«“¡¢√ÿ¢√–æ◊Èπº‘«·≈–§à“¡ÿ¡ —¡º— ¢Õß
™‘Èπ∑¥ Õ∫∑—Èß∑’Ë‰¡àºà“π·≈–ºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π¡“
«‘‡§√“–Àå∑“ß ∂‘µ‘¥â«¬°“√«‘‡§√“–Àå§«“¡·ª√ª√«π∑“ß‡¥’¬«
∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95 ‡ªÕ√å‡´Áπµå ·≈–‡ª√’¬∫‡∑’¬∫‡™‘ß
´âÕπ·∫∫·∑¡‡Œπ ”À√—∫§«“¡¢√ÿ¢√–æ◊Èπº‘« ·≈–·∫∫∫Õπ
‡øÕ√å‚√‡π ”À√—∫§à“¡ÿ¡ —¡º— 

°“√«‘‡§√“–Àå≈—°…≥–¢Õß‰∑∑“‡π’¬¡ÕÕ°‰´¥å¥â«¬°≈âÕß

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

electron microscopy, SEM)

π”µ—«·∑π™‘Èπ∑¥ Õ∫∑’Ë‰¡à‰¥âºà“π°√–∫«π°“√·Õ‚π‰¥‡́ ™—π
·≈–∑’Ëºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π„π “√≈–≈“¬∑’Ë¡’§«“¡
‡ªìπ°√¥-¥à“ßµà“ß°—π∑—Èß 3 ™π‘¥ °≈ÿà¡≈– 1 ™‘Èπ ¡“«‘‡§√“–Àå
≈—°…≥–¢Õß‰∑∑“‡π’¬¡ÕÕ°‰´¥å¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ
·∫∫ àÕß°√“¥ (JSM-6480LV, JEOL, Eching b. München,
Germany) ¢¬“¬ 30,000 ‡∑à“ ∑’Ë 20 °‘‚≈‚«≈µå

°“√«‘‡§√“–Àå‡ø ¢Õß‰∑∑“‡π’¬¡ÕÕ°‰´¥å¥â«¬‡§√◊ËÕß

‡Õ°´‡√¬å¥‘ø·ø√°™—π (X-Ray Diffraction, XRD)

π”µ—«·∑π™‘Èπ∑¥ Õ∫∑’Ëºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π
„π “√≈–≈“¬∑’Ë¡’§«“¡‡ªìπ°√¥-¥à“ßµà“ß°—π∑—Èß 3 ™π‘¥ °≈ÿà¡≈–
1 ™‘Èπ ¡“«‘‡§√“–Àå‡ø ¢Õß™—ÈπÕÕ°‰´¥å∑’Ë‡°‘¥¢÷Èπ¥â«¬‡§√◊ËÕß
‡Õ°´‡√¬å¥‘ø·ø√°™—π (D8 Discover, BRUKER-axs,
Germany) ¥â«¬‡∑§π‘§‡°√ ‘́ß°åÕ‘π´‘‡¥π´å¥‘ø·ø√°™—π (Grazing
incidence diffraction, GID) ∑’Ë¡ÿ¡§ß∑’Ë 3 Õß»“

º≈°“√»÷°…“

§à“§«“¡¢√ÿ¢√–æ◊Èπº‘«

‡¡◊ËÕ«—¥§à“§«“¡¢√ÿ¢√–æ◊Èπº‘«™‘Èπ∑¥ Õ∫∑—Èß∑’Ë‰¡àºà“π
·≈–ºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π¥â«¬‡§√◊ËÕß‚ª√‰ø‚≈¡‘‡µÕ√å
·≈–√“¬ß“πº≈‡ªìπ§à“ Ra æ∫«à“°≈ÿà¡‚≈À–‰∑∑“‡π’¬¡∑’Ëºà“π
°√–∫«π°“√·Õ‚π‰¥‡´™—π„π “√≈–≈“¬‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å¡’
§«“¡¢√ÿ¢√–æ◊Èπº‘«µË”∑’Ë ÿ¥ ¢≥–∑’Ë “√≈–≈“¬°√¥øÕ øÕ√‘°
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‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å ·≈–°≈ÿà¡∑’Ë‰¡àºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π
®–∑”„Àâ§«“¡¢√ÿ¢√–æ◊Èπº‘«¡“°¢÷Èπµ“¡≈”¥—∫ (µ“√“ß∑’Ë 1)

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß°≈ÿà¡¥â«¬°“√«‘‡§√“–Àå§«“¡
·ª√ª√«π∑“ß‡¥’¬«∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95 ‡ªÕ√å‡´Áπµå·≈–
‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ·∫∫·∑¡‡Œπ æ∫«à“§«“¡¢√ÿ¢√–æ◊Èπº‘«
À≈—ßºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π„π°≈ÿà¡∑’Ë„™â‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å
‡ªìπ “√≈–≈“¬®–¡’§à“πâÕ¬°«à“°≈ÿà¡∑’Ë‰¡àºà“π°√–∫«π°“√
·Õ‚π‰¥‡´™—π °≈ÿà¡∑’Ë„™â°√¥øÕ øÕ√‘° ·≈–°≈ÿà¡∑’Ë„™â‚´‡¥’¬¡
‰Œ¥√Õ°‰´¥å‡ªìπ “√≈–≈“¬„π°√–∫«π°“√·Õ‚π‰¥‡´™—πÕ¬à“ß
¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.05) ¢≥–∑’Ë°≈ÿà¡∑’Ë‰¡àºà“π°√–∫«π
°“√·Õ‚π‰¥‡´™—π °≈ÿà¡∑’Ë„™â°√¥øÕ øÕ√‘° ·≈–°≈ÿà¡∑’Ë„™â
‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å‡ªìπ “√≈–≈“¬„π°√–∫«π°“√·Õ‚π‰¥‡´™—π
π—Èπ ¡’§«“¡·µ°µà“ß°—πÕ¬à“ß‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘

°“√«‘‡§√“–Àå¡ÿ¡ —¡º— 

‡¡◊ËÕπ”µ—«·∑π™‘Èπ∑¥ Õ∫∑ÿ°°≈ÿà¡¡“«—¥§à“¡ÿ¡ —¡º— 
æ∫«à“‚≈À–‰∑∑“‡π’¬¡∑’Ëºà“π·Õ‚π‰¥‡´™—π„π “√≈–≈“¬
‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å¡’§à“¡ÿ¡ —¡º— µË”∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ‚≈À–
‰∑∑“‡π’¬¡∑’Ë‰¡à‰¥âºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π ‚≈À–
‰∑∑“‡π’¬¡∑’Ëºà“π·Õ‚π‰¥‡´™—π„π “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°
‰´¥å ·≈–‚≈À–‰∑∑“‡π’¬¡∑’Ëºà“π·Õ‚π‰¥‡´™—π„π “√≈–≈“¬
°√¥øÕ øÕ√‘°„Àâ§à“¡ÿ¡ —¡º—  Ÿß ÿ¥ (µ“√“ß∑’Ë 2)

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß°≈ÿà¡¥â«¬°“√«‘‡§√“–Àå§«“¡
·ª√ª√«π∑“ß‡¥’¬«∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95 ‡ªÕ√å‡´Áπµå ·≈–
‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ·∫∫∫Õπ‡øÕ√å‚√‡π æ∫«à“§à“¡ÿ¡ —¡º— 
À≈—ßºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π„π°≈ÿà¡∑’Ë„™â‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å
‡ªìπ “√≈–≈“¬®–¡’§à“πâÕ¬°«à“°≈ÿà¡∑’Ë„™â “√≈–≈“¬‡ªìπ‚´‡¥’¬¡
‰Œ¥√Õ°‰´¥å °√¥øÕ øÕ√‘° ·≈–°≈ÿà¡∑’Ë‰¡àºà“π°√–∫«π°“√
·Õ‚π‰¥‡´™—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.05) „π¢≥–∑’Ë
°≈ÿà¡∑’Ë„™â‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å‡ªìπ “√≈–≈“¬®–„Àâ§à“¡ÿ¡ —¡º— 
∑’Ë·µ°µà“ß°—πÕ¬à“ß‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘°—∫°≈ÿà¡∑’Ë„™â “√≈–≈“¬
°√¥øÕ øÕ√‘°·≈–°≈ÿà¡∑’Ë‰¡àºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π
·≈–æ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘√–À«à“ß°≈ÿà¡
∑’Ë‰¡àºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π·≈–°≈ÿà¡∑’Ëºà“π°√–∫«π
°“√·Õ‚π‰¥‡´™—π„π “√≈–≈“¬°√¥øÕ øÕ√‘° (p < 0.05)

°“√«‘‡§√“–Àå≈—°…≥–æ◊Èπº‘«‰∑∑“‡π’¬¡¥â«¬°≈âÕß

®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥

‡¡◊ËÕπ”°≈ÿà¡™‘Èπ∑¥ Õ∫∑’Ë‰¡à‰¥âºà“π°√–∫«π°“√·Õ‚π‰¥‡́ ™—π
·≈–°≈ÿà¡∑’Ëºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π„π “√≈–≈“¬∑’Ë
·µ°µà“ß°—π 3 ™π‘¥ ¡“«‘‡§√“–Àå≈—°…≥–æ◊Èπº‘«¥â«¬°≈âÕß
®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ ®“°√Ÿª∑’Ë 1 ®–‡ÀÁπ‰¥â«à“
 ¿“æ¢Õßæ◊Èπº‘«¢Õß‚≈À–‰∑∑“‡π’¬¡∑’Ëºà“π°√–∫«π°“√
·Õ‚π‰¥‡´™—π®–‡°‘¥≈—°…≥–º≈÷°‰∑∑“‡π’¬¡ÕÕ°‰´¥å‡°“–
Àπ“·πàπ¡“°°«à“°≈ÿà¡∑’Ë‰¡àºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π

µ“√“ß∑’Ë 1 §à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§«“¡¢√ÿ¢√–æ◊Èπº‘«¢Õß‚≈À–‰∑∑“‡π’¬¡°àÕπ·≈–À≈—ßºà“π°√–∫«π°“√·Õ‚π
‰¥‡´™—π„π “√≈–≈“¬∑’Ëµà“ß°—π 3 ™π‘¥ (°√¥øÕ øÕ√‘° ‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å ·≈–‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å §«“¡‡¢â¡¢âπ 1
‚¡≈“√å) ∑’Ë 20 ‚«≈µå π“π 15 π“∑’

Table 1 Surface roughness (Mean ± Standard deviation) of titanium before and after anodization in three
different electrolytes (1M H3PO4, 1M NaF and 1M NaOH) at 20 V for 15 minutes

Surface roughness (µm)

Before anodization 0.103 ± 0.005

H33333PO44444 0.100 ± 0.013

NaF 0.078 ± 0.014*

NaOH 0.101 ± 0.014

*§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫‡™‘ß ấÕπ·∫∫·∑¡‡Œπ (p < 0.05)
*Statistically significant difference with Tamhane multiple comparisons (p < 0.05)
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µ“√“ß∑’Ë 2 §à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§à“¡ÿ¡ —¡º— ¢Õß‚≈À–‰∑∑“‡π’¬¡°àÕπ·≈–À≈—ßºà“π°√–∫«π°“√·Õ‚π‰¥‡´
™—π„π “√≈–≈“¬∑’Ëµà“ß°—π 3 ™π‘¥ (°√¥øÕ øÕ√‘° ‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å ·≈–‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å §«“¡‡¢â¡¢âπ 1 ‚¡≈“√å)
∑’Ë 20 ‚«≈µå π“π 15 π“∑’

Table 2 Contact angle (Mean ± Standard deviation) of titanium before and after anodization in three different
electrolytes (1M H3PO4, 1M NaF and 1M NaOH) at 20 V for 15 minutes

Contact angle (degree)

Before anodization 60.3 ± 2.83

NaF *16.75 ± 3.24

NaOH 66.8 ± 4.71

H3PO4 74.35 ± 4.88

*§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫‡™‘ß ấÕπ·∫∫∫Õπ‡øÕ√å‚√‡π (p < 0.05)
*Statistically significant difference with Bonferoni multiple comparisons (p < 0.05)

√Ÿª∑’Ë 1 ¿“æ∂à“¬¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥· ¥ß≈—°…≥–æ◊Èπº‘«¢Õß§Õ¡‡¡Õ√å‡™’¬≈≈’¬å‡æ’¬«‰∑∑“‡π’¬¡ 1a 1a 1a 1a 1a °àÕπ
ºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π 1b, 1c, 1d1b, 1c, 1d1b, 1c, 1d1b, 1c, 1d1b, 1c, 1d ºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π„π “√≈–≈“¬‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å ‚´‡¥’¬¡‰Œ¥
√Õ°‰´¥å ·≈–°√¥øÕ øÕ√‘° µ“¡≈”¥—∫

Fig. 1 SEM shows surface characteristic of Cp Ti 1a1a1a1a1a before anodization 1b, 1c, 1d1b, 1c, 1d1b, 1c, 1d1b, 1c, 1d1b, 1c, 1d anodized titanium in NaF,
NaOH and H3PO4 solutions, respectively.

*
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°“√«‘‡§√“–Àå‡ø ¢Õß‰∑∑“‡π’¬¡ÕÕ°‰´¥å¥â«¬‡§√◊ËÕß

‡Õ°´‡√¬å¥‘ø·ø√°™—π

‡¡◊ËÕπ”™‘Èπ∑¥ Õ∫∑’Ëºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π·≈â«
¡“«‘‡§√“–Àå‡ø ¢Õß™—ÈπÕÕ°‰´¥å æ∫«à“¡’‡æ’¬ß°≈ÿà¡∑’Ëºà“π
°√–∫«π°“√·Õ‚π‰¥‡´™—π„π “√≈–≈“¬‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å
‡∑à“π—Èπ∑’Ë‡°‘¥™—ÈπÕÕ°‰´¥å∑’Ë‚§√ß √â“ßº≈÷°‡ªìπ‰∑∑“‡π’¬¡‰¥
ÕÕ°‰´¥å™π‘¥Õ–π“‡∑  „π¢≥–∑’Ë°≈ÿà¡∑’Ë„™â‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å
·≈–°√¥øÕ øÕ√‘°‡ªìπ “√≈–≈“¬π—Èπ‰¡à “¡“√∂µ√«®æ∫
≈—°…≥–‚§√ß √â“ßº≈÷°‡ªìπ‰∑∑“‡π’¬¡‰¥ÕÕ°‰´¥å™π‘¥Õ–π“‡∑ 
‰¥â (√Ÿª∑’Ë 2)

«‘®“√≥å

ß“π∑—πµ°√√¡√“°‡∑’¬¡®–ª√– ∫º≈ ”‡√Á®‰¥â¢÷Èπ°—∫
ªí®®—¬À≈“¬Õ¬à“ß °“√‡≈◊Õ°„™â«— ¥ÿ∑’Ë‡À¡“– ¡°Á¡’ à«π∑”„Àâ‡°‘¥
°√–¥Ÿ°‡™◊ËÕ¡ª√– “π (Osseointegration) ‰¥â ‰∑∑“‡π’¬¡
‡ªìπ«— ¥ÿ∑’Ë‰¥â√—∫§«“¡π‘¬¡¡“°∑“ß∑—πµ°√√¡√“°‡∑’¬¡
‡π◊ËÕß®“°¡’§«“¡‡¢â“°—π‰¥â∑“ß™’«¿“æ∑’Ë¬Õ¥‡¬’Ë¬¡ °“√ª√—∫

 ¿“ææ◊Èπº‘«‰∑∑“‡π’¬¡¥â«¬«‘∏’·Õ‚π‰¥‡´™—π “¡“√∂‡æ‘Ë¡
 ¡∫—µ‘§«“¡‡¢â“°—π‰¥â∑“ß™’«¿“æ¢Õß‰∑∑“‡π’¬¡„Àâ¥’¬‘Ëß¢÷ÈπÕ’°
®“°°“√‡°‘¥°√–∫«π°“√æ“  ‘‡«™—π1,3,4,9,12-14 „πß“π
∑—πµ°√√¡√“°‡∑’¬¡ °“√‡°‘¥°√–¥Ÿ°‡™◊ËÕ¡ª√– “π‰¥â√—∫Õ‘∑∏‘æ≈
Õ¬à“ß¡“°®“°§«“¡¢√ÿ¢√–·≈–§«“¡™Õ∫πÈ”¢Õßæ◊Èπº‘« ‡¡◊ËÕ
ª√—∫ªí®®—¬„π°√–∫«π°“√·Õ‚π‰¥‡´™—π ‡™àπ §«“¡µà“ß»—°¬å
‰øøÑ“/°√–· ‰øøÑ“ ™π‘¥¢Õß “√≈–≈“¬ √–¬–‡«≈“ ·≈–
Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°√–∫«π°“√·Õ‚π‰¥‡´™—π ®– àßº≈µàÕ ¿“æ
æ◊Èπº‘«1 ∑”„Àâ‰¥â™—ÈπÕÕ°‰´¥å∑’Ë¡’§ÿ≥ ¡∫—µ‘µà“ß°—π‰ª®÷ß “¡“√∂
æ—≤π“§ÿ≥ ¡∫—µ‘Õ◊Ëπ¢Õß™—ÈπÕÕ°‰´¥åπ—Èπ‰ªæ√âÕ¡°—π¥â«¬ ´÷Ëß
‡∑§π‘§°“√ª√—∫ ¿“æº‘«‚≈À–‰∑∑“‡π’¬¡¥â«¬«‘∏’·Õ‚π‰¥
‡´™—π‰¥â¡’°“√π”¡“„™â„πÕÿµ “À°√√¡√“°‡∑’¬¡„πªí®®ÿ∫—π·≈â«

„π°“√«‘®—¬π’È„Àâ§«“¡ π„®∑’Ë™π‘¥¢Õß “√≈–≈“¬∑’Ë¡’
§«“¡‡ªìπ°√¥-¥à“ßµà“ß°—π∑’Ë„™â„π°√–∫«π°“√·Õ‚π‰¥‡´™—π
«à“®– àßº≈µàÕ§«“¡¢√ÿ¢√–æ◊Èπº‘« ™π‘¥·≈–≈—°…≥–¢Õß
‚§√ß √â“ßº≈÷°ÕÕ°‰´¥å ·≈–§«“¡™Õ∫πÈ”¢Õßæ◊Èπº‘«‰∑∑“‡π’¬¡
·µ°µà“ß°—π‡™àπ‰√  “√≈–≈“¬∑’Ë„™â„πß“π«‘®—¬π’È¡’ 3 ™π‘¥ §◊Õ
°√¥øÕ øÕ√‘° ‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å ·≈–‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å

√Ÿª∑’Ë 2 ·∫∫·ºπ XRD ™—ÈπÕÕ°‰´¥å¢Õß‰∑∑“‡π’¬¡∑’Ëºà“π·Õ‚π‰¥‡´™—π„π “√≈–≈“¬‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å ‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å ·≈–
°√¥øÕ øÕ√‘°

Fig. 2 XRD pattern of anodic oxide film of titanium in NaF, NaOH and H3PO4 solutions
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‡ªìπµ—«·∑π “√≈–≈“¬∑’Ë¡’§«“¡‡ªìπ°√¥ °≈“ß ·≈–¥à“ßµ“¡
≈”¥—∫ ªí®®ÿ∫—π‰¡àæ∫ß“π∑’Ë»÷°…“‡ª√’¬∫‡∑’¬∫√–À«à“ß “√
≈–≈“¬∑’Ë‡ªìπ°≈“ß°—∫ “√≈–≈“¬∑’Ë‡ªìπ°√¥·≈–¥à“ß ¢≥–∑’Ë¡’
°“√∑¥≈Õß∑’Ë‡ª√’¬∫‡∑’¬∫§«“¡¢√ÿ¢√–æ◊Èπº‘«‡¡◊ËÕ∑”·Õ‚π‰¥
‡´™—π„π “√≈–≈“¬°√¥·≈–¥à“ß ‚¥¬„πªï §.». 2005 Boon
·≈–§≥–‰¥â°≈à“«Õâ“ß«à“ °“√∑”·Õ‚π‰¥‡´™—π„π “√≈–≈“¬
¥à“ß®–∑”„Àâ‡°‘¥§«“¡¢√ÿ¢√–æ◊Èπº‘«¡“°°«à“°“√„™â “√≈–≈“¬
°√¥15 ·µà„πß“π«‘®—¬π’ÈºŸâ«‘®—¬æ∫«à“°“√∑”·Õ‚π‰¥‡´™—π„π
 “√≈–≈“¬°√¥À√◊Õ¥à“ß„Àâ§«“¡¢√ÿ¢√–æ◊Èπº‘«·µ°µà“ß°—π
Õ¬à“ß‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘  “‡ÀµÿÕ“®¡“®“°°“√„™âªí®®—¬
µà“ßÊ „π¢—ÈπµÕπ·Õ‚π‰¥‡´™—π∑’Ë·µ°µà“ß°—π ‡™àπ §«“¡‡¢â¡
¢âπ¢Õß “√≈–≈“¬ ª√‘¡“≥§«“¡µà“ß»—°¬å ·≈–√–¬–‡«≈“

ß“π»÷°…“À≈“¬©∫—∫Õâ“ß∂÷ßº≈∑’Ëπà“æÕ„®‡¡◊ËÕ„™â “√≈–≈“¬
°√¥„π°√–∫«π°“√·Õ‚π‰¥‡´™—π1,3,11 „πªï §.». 2007 Das
·≈–§≥–11 Õâ“ß«à“ “¡“√∂‡æ‘Ë¡§«“¡¢√ÿ¢√–¢Õßæ◊Èπº‘«‡¡◊ËÕ„™â
 “√≈–≈“¬°√¥∑’Ë·µ°µà“ß°—π 3 ™π‘¥ „π°√–∫«π°“√·Õ‚π‰¥
‡´™—π ‰¥â·°à °√¥´—≈øî«√‘° °√¥øÕ øÕ√‘° ·≈–°√¥‰Œ‚¥√
ø≈ŸÕÕ√‘° ´÷Ëß°“√∑”·Õ‚π‰¥‡´™—π„π “√≈–≈“¬°√¥øÕ øÕ√‘°
· ¥ß„Àâ‡ÀÁπ«à“¡’°“√¬÷¥‡°“–¢Õß‡´≈≈åÕÕ µ‘‚Õ∫≈“ µå∫πº‘«
‚≈À–‰∑∑“‡π’¬¡‰¥â¥’®÷ß‡ªìπ “‡Àµÿ∑’Ë∑”„Àâß“π«‘®—¬π’È‡≈◊Õ°°√¥
øÕ øÕ√‘°‡ªìπµ—«·∑π¢Õß “√≈–≈“¬°√¥‚¥¬„™â§«“¡µà“ß»—°¬å
‰øøÑ“‡∑à“°—π §◊Õ 20 ‚«≈µå ·µà¡’§«“¡·µ°µà“ß°—π∑’Ë√–¬–
‡«≈“∑’Ë„™â ‡π◊ËÕß®“°„πß“π«‘®—¬π’È¡’¢âÕ®”°—¥¢ÕßÕÿª°√≥å°”‡π‘¥
‰øøÑ“®÷ß„™â‡«≈“„π°√–∫«π°“√·Õ‚π‰¥‡´™—π‡æ’¬ß 15 π“∑’
‚§√ß √â“ß™—ÈπÕÕ°‰´¥å∑’Ë‰¥â®÷ß‰¡àæ∫‰∑∑“‡π’¬¡‰¥ÕÕ°‰´¥å ·µà
Das ·≈–§≥–„™â√–¬–‡«≈“ 1 ™—Ë«‚¡ß ·≈–™—ÈπÕÕ°‰´¥å∑’Ëæ∫
‡ªìπ‰∑∑“‡π’¬¡‰¥ÕÕ°‰´¥åª°§≈ÿ¡∑—Ë«∑—Èß™‘Èπ∑¥ Õ∫ ·≈–
Das  √ÿª‰«â«à“®–‡°‘¥‡™àππ’È‰¥â‡¡◊ËÕ„™â‡«≈“π“πµ—Èß·µà 1 ™—Ë«‚¡ß
¢÷Èπ‰ª ß“π«‘®—¬π’È·≈–ß“π¢Õß Das ·≈–§≥–µà“ßæ∫«à“
™—ÈπÕÕ°‰´¥å∑’Ë‡°‘¥¢÷Èπ‰¡à¡’√Ÿæ√ÿπ‡À¡◊Õπ°—π „π à«π¢Õß “√
≈–≈“¬¥à“ßπ—Èπß“π«‘®—¬π’È„™â‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å§«“¡‡¢â¡¢âπ
1 ‚¡≈“√å ‡ªìπ “√≈–≈“¬ ´÷Ëßº≈°“√∑¥≈Õßæ∫«à“„Àâ™—Èπ·Õ‚π
‰¥´åÕÕ°‰´¥å∑’ËÕ—¥·πàπ ·≈–¡’§«“¡‡ªìπ√Ÿæ√ÿπµË” ÷́Ëß„°≈â‡§’¬ß
°—∫ß“π«‘®—¬¢Õß Afshar ·≈– Vaezi8 ∑’Ë„™â “√≈–≈“¬‚´‡¥’¬¡
‰Œ¥√Õ°‰´¥å ‚¥¬„™â»—°¬å‰øøÑ“∑’ËµË” ·≈–„™â‡«≈“‰¡àπ“π‡À¡◊Õπ
°—π‡¡◊ËÕ‰¡à¡’°“√„™â§«“¡√âÕπ√à«¡¥â«¬ ·µà‡¡◊ËÕ„Àâ§«“¡√âÕπ
¿“¬À≈—ß°√–∫«π°“√·Õ‚π‰¥‡´™—π Afshar ·≈– Vaezi æ∫
«à“‡°‘¥‚§√ß √â“ßº≈÷°‰∑∑“‡π’¬¡‰¥ÕÕ°‰´¥å∑—Èß™π‘¥√Ÿ‰∑≈å·≈–
Õ–π“‡∑ 8 ®÷ß‡ÀÁπ‰¥â«à“™π‘¥‚§√ß √â“ßº≈÷°ÕÕ°‰´¥å¢÷ÈπÕ¬Ÿà°—∫
ªí®®—¬µà“ßÊ‡„π°√–∫«π°“√·Õ‚π‰¥‡́ ™—π√«¡∑—Èßªí®®—¬Õÿ≥À¿Ÿ¡‘¥â«¬

¡’ß“π«‘®—¬À≈“¬™‘Èπ∑’Ë»÷°…“∂÷ßÕ‘∑∏‘æ≈¢Õß§«“¡µà“ß»—°¬å
„π°“√∑”·Õ‚π‰¥‡´™—π  √ÿªº≈‰«â«à“§«“¡µà“ß»—°¬å Ÿß®–∑”„Àâ

‡°‘¥§«“¡¢√ÿ¢√–æ◊Èπº‘« Ÿß ‚¥¬§≥–ºŸâ«‘®—¬°àÕπÀπâ“π’È„™â√–¥—∫
§«“¡µà“ß»—°¬å‰øøÑ“∑’Ë Ÿß®π∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“∑’Ë‡√’¬°«à“ ‰¡‚§√-
Õ“√å°ÕÕ° ‘́‡¥™—π (Micro-arc oxidation)16,17 ·µà„π°“√
«‘®—¬π’ÈµâÕß°“√»÷°…“°“√∑”·Õ‚π‰¥‡´™—π∑’Ë„™â√–¥—∫§«“¡µà“ß
»—°¬å‰øøÑ“µË” §◊Õ 20 ‚«≈µå ÷́Ëß„πÕ¥’µ¡’ß“π«‘®—¬À≈“¬©∫—∫
»÷°…“°√–∫«π·Õ‚π‰¥‡´™—π‚¥¬„™â§«“¡µà“ß»—°¬åª√–¡“≥

20 ‚«≈µå ·≈– “¡“√∂‡°‘¥æ◊Èπº‘«∑’Ë‡ªìπ·Õ‚π‰¥´å‡´Õ√å‡ø ‰¥â
‚¥¬·µà≈–ß“π«‘®—¬°Á¡’§«“¡·µ°µà“ß°—π„π°“√ª√—∫„™âªí®®—¬
µà“ßÊ „π°“√∑”·Õ‚π‰¥‡´™—π1,18,19

„πß“π∑—πµ°√√¡√“°‡∑’¬¡ ‡´≈≈åÕÕ µ‘‚Õ∫≈“ µå‰¥â√—∫
Õ‘∑∏‘æ≈Õ¬à“ß¡“°®“°§«“¡¢√ÿ¢√–¢Õßæ◊Èπº‘«·≈–§«“¡™Õ∫πÈ”
¢Õßæ◊Èπº‘«‰∑∑“‡π’¬¡ ‚¥¬ àßº≈µàÕ°“√¥Ÿ¥´—∫‚ª√µ’π¢Õß™—Èπ

ÕÕ°‰´¥å∫πæ◊Èπº‘«‰∑∑“‡π’¬¡ „πÕ¥’µ¡’°“√»÷°…“‡æ’¬ß‡≈Á°πâÕ¬
∑’Ë°≈à“«∂÷ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡¢√ÿ¢√–æ◊Èπº‘«·≈–§«“¡
™Õ∫πÈ”¢Õßæ◊Èπº‘« Õ‘∑∏‘æ≈¢Õß§«“¡¢√ÿ¢√–æ◊Èπº‘«µàÕ°“√
¥Ÿ¥´—∫‚ª√µ’ππ—Èπ¡’°“√»÷°…“æ∫«à“‚≈À–º ¡‰∑∑“‡π’¬¡∑’Ë¡’
º‘«¢√ÿ¢√–®–¥Ÿ¥´—∫‰ø‚∫√‡π°µ‘π (Fibronectin) „πª√‘¡“≥∑’Ë
 Ÿß°«à“‡¡◊ËÕ‡∑’¬∫°—∫‚≈À–º ¡‰∑∑“‡π’¬¡∑’Ë¡’º‘«‡√’¬∫20 „π

∑“ßµ√ß¢â“¡ ¡’°“√»÷°…“∑’Ëæ∫«à“‡¡◊ËÕ‡æ‘Ë¡§«“¡¢√ÿ¢√–¢Õß
æ◊Èπº‘«‰∑∑“‡π’¬¡®–∑”„Àâ¡’°“√¥Ÿ¥ —́∫‰ø‚∫√‡π°µ‘π≈¥≈ß21

´÷Ëß Õ¥§≈âÕß°—∫ß“π«‘®—¬π’È∑’Ë„Àâº≈°“√«‘®—¬«à“‚≈À–‰∑∑“‡π’¬¡
∑’Ë¡’§«“¡¢√ÿ¢√–æ◊Èπº‘«πâÕ¬®–æ∫«à“¡’§à“¡ÿ¡ —¡º— πâÕ¬¥â«¬
Õ¬à“ß‰√°Áµ“¡¬—ß‰¡à¡’¢âÕ √ÿª™—¥‡®π„π‡√◊ËÕßπ’È ‚¥¬∑—Ë«‰ª·≈â«¡’
¢âÕ √ÿªÀ≈—°Õ¬Ÿàª√–°“√Àπ÷Ëß §◊Õ §«“¡¢√ÿ¢√–®–∑”„Àâæ◊Èπº‘«

∑’Ë¡’§«“¡™Õ∫πÈ”Õ¬Ÿà·≈â«™Õ∫πÈ”‰¥â¡“°¢÷Èπ ·≈–∑”„Àâæ◊Èπº‘«∑’Ë
‰¡à™Õ∫πÈ”Õ¬Ÿà·≈â«‰¡à™Õ∫πÈ”¡“°¢÷Èπ9,22

„π°“√«‘®—¬π’È ‡¡◊ËÕª√—∫ ¿“ææ◊Èπº‘«¥â«¬«‘∏’·Õ‚π‰¥‡´™—π
„π “√≈–≈“¬‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å®–„Àâ§«“¡¢√ÿ¢√–æ◊Èπº‘«∑’Ë
πâÕ¬°«à“‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å °√¥øÕ øÕ√‘° ·≈–°≈ÿà¡∑’Ë‰¡à
ºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ·≈–

¡’§à“¡ÿ¡ —¡º— µË”°«à“Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘¥â«¬ ´÷Ëß ¡∫—µ‘
π’È®– àßº≈„Àâ‚≈À–‰∑∑“‡π’¬¡°≈ÿà¡π’È¡’§«“¡™Õ∫πÈ”¥’¢÷Èπ ÷́Ëß°Á
πà“®–¡’º≈µàÕ°“√¥Ÿ¥´—∫‚ª√µ’π‰¥â¥’¢÷Èπ¥â«¬

„πª√–‡¥Áπ‡√◊ËÕß‚§√ß √â“ßº≈÷°ÕÕ°‰´¥åπ—Èπ „π√–¬–À≈—ß
¡’ß“π«‘®—¬À≈“¬™‘Èπ∑’Ë»÷°…“§«“¡ ”§—≠¢Õß°“√æ∫‰∑∑“‡π’¬¡
‰¥ÕÕ°‰´¥å™π‘¥Õ–π“‡∑  „π·ßà∑’Ë‡ªìπµ—«∑’Ë∑”„Àâæ◊Èπº‘«™Õ∫
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πÈ”‰¥â‚¥¬„™â· ß‡ªìπµ—«°√–µÿâπ (Photocatalytic hydrophi-
licity) ‚¥¬‡¡◊ËÕ —¡º— · ßÕ—≈∑√“‰«‚Õ‡≈µ®–∑”„Àâ Ti4+ ‡ª≈’Ë¬π

‡ªìπ Ti3+ ´÷Ëß¡’§«“¡™Õ∫πÈ”¡“°¢÷Èπ2,23,24 ·µàß“π«‘®—¬π’È‰¡à
‰¥â»÷°…“„π ¡∫—µ‘¥—ß°≈à“« Õ¬à“ß‰√°Áµ“¡ß“π«‘®—¬π’Èæ∫‰∑∑“‡π’¬¡
‰¥ÕÕ°‰´¥å™π‘¥Õ–π“‡∑ ‡©æ“–„π°≈ÿà¡∑’Ë„™â‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å
‡ªìπ “√≈–≈“¬„π°√–∫«π°“√·Õ‚π‰¥‡´™—π·≈–‰¡àæ∫
‚§√ß √â“ßº≈÷°ÕÕ°‰´¥å„π√Ÿª·∫∫Õ◊Ëπ ‡™àπ ‰∑∑“‡π’¬¡‰¥
ÕÕ°‰´¥å™π‘¥√Ÿ‰∑≈å ‡π◊ËÕß®“°‰¡à‰¥â¡’°“√„™â§«“¡√âÕπ„π°“√
∑¥≈Õß∑”„Àâ‰¡à‡°‘¥°“√‡ª≈’Ë¬π‡ø ®÷ß‰¡à “¡“√∂‡ª√’¬∫‡∑’¬∫
§à“¡ÿ¡ —¡º— √–À«à“ß‰∑∑“‡π’¬¡‰¥ÕÕ°‰´¥å™π‘¥Õ–π“‡∑ 
·≈–‰∑∑“‡π’¬¡‰¥ÕÕ°‰´¥å™π‘¥Õ–π“‡∑ √à«¡°—∫™π‘¥√Ÿ‰∑≈å‰¥â
®“°ß“π«‘®—¬π’È®–‡ÀÁπ‰¥â«à“ ¡∫—µ‘∑“ß°“¬¿“æ·≈– ¡∫—µ‘∑“ß
‡§¡’¢Õßæ◊Èπº‘«µà“ß àßÕ‘∑∏‘æ≈µàÕ¡ÿ¡ —¡º— ‰¥â∑—Èß ‘Èπ ®÷ß®”‡ªìπ
µâÕßæ‘®“√≥“√à«¡°—π∑—Èß ¡∫—µ‘∑“ß°“¬¿“æ·≈– ¡∫—µ‘∑“ß
‡§¡’¢Õßæ◊Èπº‘«„π°“√ª√—∫ ¿“ææ◊Èπº‘«¢Õß‰∑∑“‡π’¬¡„Àâ¡’
 ¿“æ‡À¡“– ¡µàÕ°“√µÕ∫ πÕß∑“ß™’«¿“æ

ºŸâ«‘®—¬‡ÀÁπ«à“ß“π«‘®—¬π’È “¡“√∂„™â‡ªìπ·π«∑“ß°“√æ—≤π“
‡∑§π‘§·Õ‚π‰¥‡´™—πµàÕ‰¥â ‡™àπ °“√«—¥§«“¡¢√ÿ¢√–æ◊Èπº‘«
¢Õß™—ÈπÕÕ°‰´¥å¥â«¬‡§√◊ËÕß‚ª√‰ø‚≈¡‘‡µÕ√åÕ“®‡ª≈’Ë¬π‰ª„™â
‡∑§π‘§Õ◊Ëπ ‡™àπ «—¥§«“¡¢√ÿ¢√–æ◊Èπº‘«√–¥—∫π“‚π‡¡µ√¥â«¬
‡§√◊ËÕßÕ–µÕ¡¡‘°øÕ√å´‰¡‚§√ ‚§ª (Atomic Force
Microscope, AFM) ‡π◊ËÕß®“°°“√„™â‡∑§π‘§À—«‡¢Á¡¢Õß
‡§√◊ËÕß‚ª√‰ø‚≈¡‘‡µÕ√åπ—Èπ À—«‡¢Á¡∑’ËÕà“π§à“Õ“®¡’¢π“¥„À≠à°«à“
§«“¡¢√ÿ¢√–æ◊Èπº‘«∑’Ë‡°‘¥¢÷Èπ∑”„Àâ‡°‘¥§«“¡§≈“¥‡§≈◊ËÕπ‰¥â ÷́Ëß
Õ“®‡ªìπ “‡Àµÿ∑’Ë∑”„Àâ§à“§«“¡¢√ÿ¢√–æ◊Èπº‘«∑’Ë«—¥‰¥â„πß“π
«‘®—¬π’È‰¡à§àÕ¬ Õ¥§≈âÕß°—π°—∫¿“æ∑’Ë‰¥â®“°‡§√◊ËÕß®ÿ≈∑√√»πå
Õ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ ·≈–§«√¡’°“√»÷°…“‡æ‘Ë¡‡µ‘¡‚¥¬
°“√∑¥≈Õßª√—∫ªí®®—¬Õ◊Ëπ„π°√–∫«π°“√·Õ‚π‰¥‡´™—π ‡™àπ
√–¥—∫§«“¡µà“ß»—°¬å √–¬–‡«≈“ ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫™—ÈπÕÕ°‰´¥å
∑’Ë‡À¡“– ¡·≈–§«√»÷°…“µàÕ„π√–¥—∫‡´≈≈å‡æ◊ËÕ∑’Ë®–π”‰ª
ª√–¬ÿ°µå„™â°—∫√à“ß°“¬¡πÿ…¬åµàÕ‰ª

 √ÿª

ß“π«‘®—¬π’È™‘Èπ∑¥ Õ∫∑’Ëºà“π°“√·Õ‚π‰¥‡´™—π„π “√
≈–≈“¬∑’Ë¡’§«“¡‡ªìπ°√¥-¥à“ßµà“ß°—π æ∫«à“‚≈À–‰∑∑“‡π’¬¡
°≈ÿà¡∑’Ëºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π„π “√≈–≈“¬‚´‡¥’¬¡
ø≈ŸÕÕ‰√¥å‡∑à“π—Èπ∑’Ë‡°‘¥‚§√ß √â“ßº≈÷°¢Õß™—ÈπÕÕ°‰´¥å‡ªìπ
‰∑∑“‡π’¬¡‰¥ÕÕ°‰´¥å√Ÿª·∫∫Õ–π“‡∑  ·≈–‡ªìπ°≈ÿà¡∑’Ë¡’
§«“¡¢√ÿ¢√–æ◊Èπº‘«πâÕ¬°«à“°≈ÿà¡∑’Ë„™â “√≈–≈“¬°√¥øÕ øÕ√‘°

‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å ·≈–°≈ÿà¡∑’Ë‰¡àºà“π°√–∫«π°“√·Õ‚π‰¥™—π
Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ·µà∑”„Àâ¡’§à“¡ÿ¡ —¡º— πâÕ¬°«à“
°≈ÿà¡Õ◊ËπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘¥â«¬´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“‡¡◊ËÕ
„™â‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å‡ªìπ “√≈–≈“¬„π°√–∫«π°“√·Õ‚π‰¥
‡´™—π®–∑”„Àâæ◊Èπº‘«‚≈À–‰∑∑“‡π’¬¡¡’§«“¡™Õ∫πÈ”¡“°°«à“
°“√„™â “√≈–≈“¬‡ªìπ°√¥øÕ øÕ√‘° ‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å
·≈–‰¡àºà“π°√–∫«π°“√·Õ‚π‰¥‡´™—π

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥ ∫—≥±‘µ«‘∑¬“≈—¬ ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
´÷Ëß π—∫ πÿπ∑ÿπ«‘®—¬ ·≈–Õ“®“√¬å‰ææ√√≥ æ‘∑¬“ππ∑å ∑’Ë„Àâ
§«“¡√Ÿâ·≈–§”ª√÷°…“∑“ß¥â“π ∂‘µ‘„π°“√«‘®—¬ ¢Õ¢Õ∫§ÿ≥
∫√‘…—∑π“‚π™’≈¥å ‡Õ◊ÈÕ‡øóôÕ„π°“√®—¥À“™‘Èπµ—«Õ¬à“ß‰∑∑“‡π’¬¡
„πß“π«‘®—¬π’È »Ÿπ¬å‡∑§‚π‚≈¬’‚≈À–·≈–«— ¥ÿ·Ààß™“µ‘‡Õ◊ÈÕ‡øóôÕ
„π°“√∑¥ Õ∫°√–∫«π°“√·Õ‚π‰¥‡´™—π »Ÿπ¬å‡§√◊ËÕß¡◊Õ«‘®—¬
«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’‡Õ◊ÈÕ‡øóôÕ„π°“√∑¥ Õ∫‡Õ°´‡√¬å
¥‘ø·ø√°™—π ·≈–§≥–«‘∑¬“»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
‡Õ◊ÈÕ‡øóôÕ„π°“√«‘‡§√“–Àå¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫
 àÕß°√“¥·≈–°“√«‘‡§√“–Àå¡ÿ¡ —¡º— 

‡Õ° “√Õâ“ßÕ‘ß

1. Jackson MJ, Armed W, editors. Surface engineered
surgical tools and medical devices. Springer,
2007:21-47.

2. Guillemot F, Porté MC, Labrugère C, Baquey Ch.
Ti4+ to Ti3+ conversion of TiO2 uppermost layer
by low-temperature vacuum annealing: interest
for titanium biomedical applications. J Colloid In-
terface Sci. 2002;255:75-8.

3. Le Guehennec L, Soueidan A, Layrolle P, Amouriq
Y. Surface treatments of titanium dental implants
for rapid osseointegration. Dent mater. 2007;23:844-54.

4. Kim KH, Kwan TY, Kim SY, Kang IK, Kim S,
Yang Y, et al. Preparation and characterization of
anodized titanium surfaces and their effect on
osteoblast response. J Oral Implantol. 2006;32:8-13.

5. Browne M, Gregson PJ. Effect of mechanical
surface pretreatment on metal ion release. Biomaterials.
2000;21:385-92.



« ∑—πµ ®ÿÃ“œ 2553;33:67-76 «√√≥°“≠®πå °“≠®π¡“ ·≈–§≥– 75

6. Martini D, Fini M, Franchi M, De Pasquale V,
Bacchelli B, Gamberini M, et al. Detachment of
titanium and fluorohydroxyapatite particles in
unloaded endosseous implants. Biomaterials.
2003;24:1309-16.

7. Sul YT, Johansson C, Wennerberg A, Cho LR,
Chang BS, Albrektsson T. Optimum surface
properties of oxidized implants for reinforcement
of osseointegration: Surface chemistry, oxide
thickness, porosity, roughness, and crystal structure.
Int J Oral Maxillofac Implants. 2005;20:349-59.

8. Afshar A, Vaezi MR. Anodizing of titanium in
NaOH solution and its corrosion resistance in
PBS physiologic solution. Scientia Iranica. 2003;
10:361-6.

9. Lim YJ, Oshida Y, Andres CJ, Barco MT. Surface
characterizations of variously treated titanium
materials. Int J Oral Maxillofac Implants. 2001;16:
333-42.

10. Wang R, Hashimoto K, Fujishima A, Chikuni M,
Kojima E, Kitamura A, et al. Light-induced
amphiphilic surfaces. Nature. 1997;388:431-2.

11. Das K, Bose S, Bandyopadhyay A. Surface modi-
fications and cell-materials interactions with
anodized Ti. Acta Biomater. 2007;3:573-85.

12. Ohtsuka T, Guo J, Sato N. Raman spectra of the
anodic oxide film on Titanium in acidic sulfate
and neutral phosphate solutions. J Electrochem Soc.
1986;133:2473-6.

13. Anusavice KJ. Phillips-Science of Dental Materials.
Philadelphia: W.B. Sauder Company; 2003:768-70.

14. Buser D, Broggini N, Wieland M, Schenk RK,
Denzer AJ, Cochran DL, et al. Enhanced bone
apposition to a chemically modified SLA titanium
surface. J Dent Res. 2004;83:529-33.

15. Ng BS, Annergren I, Soutar AM, Khor KA, Jarfors
AEW. Characterisation of a duplex TiO2/CaP
coating on Ti 6Al 4V for hard tissue replacement.
Biomaterials. 2005;26:1087-95.

16. Park KH, Heo SJ, Koak JY, Kim SK, Lee JB, Kim
SH, et al. Osseointegration of anodized titanium
implants under different current voltages: a rabbit
study. J Oral Rehabil. 2007;34:517-27.

17. Choi JW, Heo SJ, Koak JY, Kim SK, Lim YJ,
Kim SH, et al. Biological responses of anodized
titanium implants under different current voltages.
J Oral Rehabil. 2006;33:889-97.

18. Narayanan R, Ha JY, Kwon TY, Kim KH. Structure
and properties of self-organized TiO2 nanotubes
from stirred baths. Metallurgical and materials trans-
actions B. 2008;39B:493-9.

19. Macak JM, Sirotna K, Schmuki P. Self-organized
porous titanium oxide prepared in Na2SO4/NaF
electrolytes. Electrochim Acta. 2005;50:3679-84.

20. Deligianni DD, Katsala N, Ladas S, Sotiropoulou
D, Amedee J, Missirlis YF. Effect of surface roughness
of the titanium alloy Ti-6Al-4V on human bone
marrow cell response and on protein adsorption.
Biomaterials. 2001;22:1241-51.

21. François P, Vaudaux P, Taborelli M, Tonetti M,
Lew DP, Descouts P. Influence of surface
treatments developed for oral implants on the
physical and biological properties of titanium. (II)
Adsorption isotherms and biological activity of
immobilized fibronectin. Clin Oral Implants Res.
1997;8:217-25.

22. Rupp F, Scheideler L, Rehbein D, Axmann D,
Geis-Gerstorfer J. Roughness induced dynamic
changes of wettability of acid etched titanium
implant modifications. Biomaterials. 2004;25:1429-38.

23. Sawase T, Jimbo R, Wennerberg A, Suketa N,
Tanaka Y, Atsuta M. A novel characteristic of
porous titanium oxide implants. Clin Oral Implants
Res. 2007;18:680-5.

24. Jimbo R, Sawase T, Baba K, Kurogi T, Shibata Y,
Atsuta M. Enhanced initial cell responses to
chemically modified anodized titanium. Clin
Implant Dent Relat Res. 2008;10:55-61.



CU Dent J. 2010;33:67-76Kanjanama W, et al76

An influence of pH on surface

characteristics of commercially pure

titanium using anodization

Wannakan Kanjanama D.D.S.
1

Viritpon Srimaneepong D.D.S., M.D.Sc., PhD.
2

Dujreutai Pongkao Kashima B.Sc. (Chemistry), M.Sc. (Ceramic technology),

D.Eng. (Materials Science and Engineering)
3

1Graduate student, Department of Prosthodontics, Faculty of Dentistry, Chulalongkorn University
2Department of Prosthodontics, Faculty of Dentistry, Chulalongkorn University
3Department of Materials Science, Faculty of Science, Chulalongkorn University

Abstracts

Objective To compare the surface characteristics and crystal structures of titanium oxide on
commercially pure titanium before and after anodization using different pH electrolytes.

Materials and methods Commercially pure (Cp) titanium grade 2 plates were used in this study.
Anodic oxidation was carried out in three different electrolytes, H3PO4, NaF and NaOH to represent
acidic, neutral and alkaline conditions, respectively. The anodizations were performed at 20 voltage for
15 minutes. The surface characteristics and crystal structures of titanium oxide were observed with a
profilometer, SEM, XRD and a contact angle meter. The data were statistically analyzed with one-way
ANOVA (p < 0.05) with Tamhane and Bonferroni multiple comparison.

Results Titanium specimens that were anodized using NaF electrolyte showed the least surface
roughness (Ra; 0.078 ± 0.014 µm.) and contact angle (16.75 ± 3.24 degree). It is statistically significant
(p < 0.05) from titanium specimens that were anodized using either NaOH or H3PO4 and unanodized
specimens.

Conclusion Anodized titanium using NaF electrolyte displayed the least surface roughness but the
most hydrophilic.

(CU Dent J. 2010;33:67-76)

Key words: anodization; contact angle; surface roughness


