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∫∑§—¥¬àÕ
°“√»÷°…“π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“ ¡∫—µ‘∑“ß°≈·≈–‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õß

µ–¢Õ‚Õ∫øíπ‚≈À–º ¡‚§∫Õ≈µå-‚§√‡¡’¬¡∑’Ëπ”‚≈À–‡°à“°≈—∫¡“„™â È́”„π —¥ à«π¢Õß‚≈À–
‡°à“·≈–‚≈À–„À¡à√âÕ¬≈– 50.0 ‚¥¬πÈ”Àπ—° ™‘Èπß“πµ—«Õ¬à“ßµ–¢Õ‚Õ∫øíπ∑’Ë∑”®“°‚≈À–‡®◊Õ
‚§∫Õ≈µå-‚§√‡¡’¬¡ ®”π«π 30 ™‘Èπ ∂Ÿ°·∫àßÕÕ°‡ªìπ 3 °≈ÿà¡ °≈ÿà¡≈– 10 ™‘Èπ ‚¥¬°≈ÿà¡∑’Ë 1
∑”®“°‚≈À–„À¡à∑—ÈßÀ¡¥ °≈ÿà¡∑’Ë 2 ∑”®“°‚≈À–„À¡à√âÕ¬≈– 50 º ¡°—∫‚≈À–‡°à“√âÕ¬≈– 50.0
·≈–°≈ÿà¡∑’Ë 3 ∑”®“°‚≈À–‡°à“∑—ÈßÀ¡¥ ‚¥¬‚≈À–‡°à“∑’Ë„™âºà“π°“√À≈Õ¡¡“·≈â« 1 §√—Èß‡∑à“π—Èπ
π”™‘Èπß“π¡“∑¥ Õ∫¥â«¬‡§√◊ËÕß∑¥ Õ∫ “°≈ §«“¡‡√Á«À—«°¥ 0.5 ¡¡. µàÕπ“∑’ ∫—π∑÷°·√ß
∑’Ë∑”„Àâ™‘Èπß“πÀ—° ·≈–·√ß∑’Ë∑”„Àâ™‘Èπß“π‡ª≈’Ë¬π√ŸªÕ¬à“ß∂“«√ π”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“«‘‡§√“–Àåº≈
¥â«¬ ∂‘µ‘°“√«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫∑“ß‡¥’¬« ·≈–‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ‚¥¬„™â ∂‘µ‘
·∫∫·Õ≈‡Õ ¥’∑’Ë√–¥—∫π—¬ ”§—≠ .05  ÿà¡‡≈◊Õ°™‘Èπß“π°≈ÿà¡≈– 3 ™‘Èπ ¡“µ√«®¥Ÿ≈—°…≥–æ◊Èπº‘«
∑’Ë·µ°À—°¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ ·≈–«‘‡§√“–Àå∏“µÿ¥â«¬‡∑§π‘§Õ’¥’‡Õ 
º≈°“√»÷°…“æ∫«à“§à“‡©≈’Ë¬¢Õß·√ß∑’Ë∑”„Àâ™‘Èπß“πÀ—°¢Õß™‘Èπß“πµ–¢Õ∑—Èß “¡°≈ÿà¡‰¡à¡’
§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < .05) §à“‡©≈’Ë¬¢Õß·√ß∑’Ë∑”„Àâ™‘Èπß“π‡ª≈’Ë¬π
√ŸªÕ¬à“ß∂“«√¢Õßµ–¢Õ∑’Ë∑”®“°‚≈À–„À¡à∑—ÈßÀ¡¥‰¡à·µ°µà“ß°—∫µ–¢Õ∑’Ë∑”®“°‚≈À–„À¡à
√âÕ¬≈– 50.0 º ¡°—∫‚≈À–‡°à“√âÕ¬≈– 50.0 Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ·µà¡’§à“ Ÿß°«à“µ–¢Õ
∑’Ë∑”®“°‚≈À–‡°à“∑—ÈßÀ¡¥Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < .05) ®“°°“√»÷°…“≈—°…≥–¢Õß
æ◊Èπº‘«∑’Ë·µ°À—°¢Õß™‘Èπß“π®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ æ∫ ‘Ëßªπ‡ªóôÕπ
‡æ‘Ë¡¢÷Èπµ“¡ —¥ à«π¢Õß‚≈À–‡°à“∑’Ëπ”¡“„™ấ È” ‚¥¬ √ÿª§◊Õ°“√π”‚≈À–‡®◊Õ‚§∫Õ≈µå-‚§√‡¡’¬¡
°≈—∫¡“„™â´È” ¡’º≈∑”„Àâ ¡∫—µ‘∑“ß°≈¢Õß™‘Èπß“πµ–¢ÕµË”≈ß ´÷Ëß “‡ÀµÿÀπ÷Ëßπà“®–¡“®“°
°“√·∑√°µ—«¢Õß ‘Ëßªπ‡ªóôÕπ„π‚≈À–‡æ‘Ë¡¡“°¢÷Èπ

∫∑π”

·¢π¬÷¥ (retentive arm) ¢Õßµ–¢Õ‡ªìπ à«πª√–°Õ∫∑’Ë ”§—≠∑’Ë ÿ¥µàÕ°“√„Àâ·√ß-
¬÷¥·°àøíπ‡∑’¬¡∫“ß à«π∂Õ¥‰¥â ∞“π‚≈À–®÷ß‡ªìπµ—«·ª√ ”§—≠Õ¬à“ßÀπ÷Ëß∑’Ë™à«¬‡ √‘¡
ª√– ‘∑∏‘¿“æ ·≈– àßº≈µàÕ§«“¡ ”‡√Á®À√◊Õ§«“¡≈â¡‡À≈«¢Õßøíπ‡∑’¬¡ ¡’√“¬ß“π®”π«π
¡“°æ∫«à“·¢π¬÷¥¢Õßµ–¢Õ¡—°‡°‘¥ªí≠À“µ“¡¡“À≈—ß®“°ºŸâªÉ«¬„™âß“πøíπ‡∑’¬¡„π√–¬–
‡«≈“Àπ÷Ëß ‰¥â·°à °“√‡ª≈’Ë¬π√ŸªÕ¬à“ß∂“«√ À√◊Õµ–¢ÕÀ—°®“°§«“¡≈â“ (fatigue)1,2,3,4,5 ‡π◊ËÕß®“°
·¢π¬÷¥¢Õßµ–¢Õ‡ªìπ à«πª√–°Õ∫¢Õßøíπ‡∑’¬¡∑’ËµâÕß√Õß√—∫§«“¡‡§âπ (stress)  – ¡ Ÿß¡“°



56  J Dent Assoc Thai Vol. 60 No. 1 January-March  2010

´÷Ëß‡ªìπº≈√«¡®“°µ–¢Õ¥’¥µ—«ºà“π à«πªÉÕß¢Õßøíπ ‡¢â“À√◊ÕÕÕ°
®“° à«π§Õ¥ (undercut) ∑ÿ°§√—Èß∑’Ë„ àÀ√◊Õ∂Õ¥øíπ‡∑’¬¡ ∑”„Àâ‡°‘¥
§«“¡‡§âπ – ¡¿“¬„πµ–¢Õ∑ÿ°§√—Èß∑’Ëµ–¢Õ¡’°“√‡ª≈’Ë¬π√Ÿª Õ’°
∑—Èß¬—ß¡’§«“¡‡§âπ∑’Ë‡°‘¥®“°°“√µâ“πµàÕ·√ß„π·π«¥‘Ëß∑’Ëæ¬“¬“¡
¥÷ßøíπ‡∑’¬¡„ÀâÀ≈ÿ¥ ·≈–§«“¡‡§âπ„π·π«√–π“∫∑’Ë‡°‘¥®“°°“√
¢¬—∫¢Õßøíπ‡∑’¬¡¢≥–∫¥‡§’È¬«6

„π ¿“«–‡»√…∞°‘®ªí®®ÿ∫—π‚≈À–‡®◊Õ‚§∫Õ≈µå-‚§√‡¡’¬¡
(cobalt-chromium alloy) ÷́Ëß‡ªìπ‚≈À–∑’Ëπ‘¬¡„™â∑”‚§√ß‚≈À–¢Õßøíπ-
‡∑’¬¡∫“ß à«π∂Õ¥‰¥â¡’√“§“ Ÿß¢÷Èπ ÀâÕßªØ‘∫—µ‘°“√À≈“¬·Ààß®÷ß‰¥â
π”‚≈À–‡°à“∑’Ë‡À≈◊Õ®“°°“√‡À«’Ë¬ß§√—Èß°àÕπ¡“º ¡°—∫‚≈À–„À¡à
„π°“√‡À«’Ë¬ß‚§√ß‚≈À–™‘Èπ„À¡à‡æ◊ËÕ‡ªìπ°“√ª√–À¬—¥‚≈À–·≈–≈¥
§à“„™â®à“¬„π°“√º≈‘µ7 ´÷Ëß°“√º≈‘µ‚§√ß‚≈À–µ“¡ÀâÕßªØ‘∫—µ‘°“√
µà“ß Ê ¡’À≈—°ªØ‘∫—µ‘„π°“√π”‚≈À–‡°à“°≈—∫¡“„™ấ È”∑’Ë·µ°µà“ß°—π
°“√π”‚≈À–‡°à“°≈—∫¡“„™ấ È”Õ¬à“ß‰¡à‡À¡“– ¡ Õ“®‡ªìπªí®®—¬Õ’°
ª√–°“√Àπ÷Ëß∑’ËÕ“® àßº≈∑”„Àâ ¡∫—µ‘∑“ß°≈¢Õß‚≈À–‡®◊Õ∑’Ë„™â∑”
‚§√ß‚≈À–¢Õßøíπ‡∑’¬¡∫“ß à«π∂Õ¥‰¥â¡’§à“µË”°«à“ª°µ‘ ∑”„Àâ§«“¡
 “¡“√∂„π°“√µâ“π∑“πµàÕ·√ß∑’Ë¡“°√–∑”≈¥≈ß ‡°‘¥°“√‡ª≈’Ë¬π√Ÿª
Õ¬à“ß∂“«√·≈–À—°‰¥âßà“¬ º≈∑’Ëµ“¡¡“§◊Õ ºŸâªÉ«¬µâÕß‡ ’¬§à“„™â®à“¬
„π°“√´àÕ¡øíπ‡∑’¬¡À√◊Õ∑”øíπ‡∑’¬¡™ÿ¥„À¡à°àÕπ‡«≈“Õ—π§«√
¥—ßπ—Èπ ®÷ß‡ªìπ°“√≈ß∑ÿπ∑’Ë‰¡à§ÿâ¡§à“µ√“∫„¥∑’Ë¬—ß‰¡à¡’°“√§«∫§ÿ¡
µ—«·ª√∑’Ë ”§—≠„π°“√π”‚≈À–‡°à“°≈—∫¡“„™â È́”Õ¬à“ß∂Ÿ°µâÕß
‡À¡“– ¡

°“√»÷°…“º≈°“√π”‚≈À–‡°à“°≈—∫¡“„™â´È”®π∂÷ßªí®®ÿ∫—π¡’
‰¡à¡“°π—° Harcourt8 °≈à“««à“°“√À≈Õ¡‚≈À–‡®◊Õ„π®”π«π§√—Èß¢Õß
°“√À≈Õ¡∑’Ë¡“°‡°‘π‰ª ∑”„Àâ à«πª√–°Õ∫‡ª≈’Ë¬π·ª≈ß ·≈–
°“√‰À≈ (fluidity) ≈¥≈ß ®÷ß·π–π”„Àâº ¡‚≈À–„À¡à‡¢â“‰ª„π —¥ à«π
¢ÕßπÈ”Àπ—°‚≈À–„À¡àÕ¬à“ßπâÕ¬µâÕß‡∑à“°—∫πÈ”Àπ—°¢Õß‚≈À–‡°à“
Lewis9 æ∫«à“§à“§«“¡∑π·√ß¥÷ß (tensile strength) ¢Õß‚≈À–∑’Ë
À≈Õ¡¥â«¬°√–· ‰øøÑ“¡’§à“§ß∑’Ë„π 3 √ÿàπ·√°¢Õß°“√À≈Õ¡ ‚¥¬
„™â‚≈À–‡°à“√ÿàπ°àÕπÀπâ“∑’Ëºà“π°“√∑¥ Õ∫ ¡∫—µ‘∑“ß°≈·≈â«‡ªìπ
«—µ∂ÿ¥‘∫‡√‘Ë¡µâπ ‚¥¬‰¡à¡’°“√º ¡‚≈À–„À¡à Hesby ·≈–§≥–7 ‰¥â
»÷°…“°“√‡ª≈’Ë¬π·ª≈ß ¡∫—µ‘∑“ß°≈¢Õß‚≈À–‡®◊Õ‚§∫Õ≈µå-‚§√‡¡’¬¡
∑’Ëºà“π°“√‡À«’Ë¬ß´È” 4 §√—Èß ´÷Ëß·µà≈–§√—Èß„™â™‘Èπ à«π¢Õß‚≈À–‡°à“
§√—Èß°àÕπÀπâ“‡ªìπ‚≈À–‡√‘Ë¡µâπ‚¥¬‰¡à¡’°“√º ¡‚≈À–„À¡à æ∫«à“
 “¡“√∂π”°≈—∫¡“„™â´È”‰¥âÕ¬à“ßπâÕ¬∑’Ë ÿ¥ 4 §√—Èß ‚¥¬‰¡à¡’§«“¡
·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘¢Õß§à“§«“¡∑π·√ß¥÷ß§«“¡
·¢Áßº‘«√ÁÕ°‡«≈ å (Rockwellûs hardness) ·≈–§à“√âÕ¬≈–¢Õß°“√¬◊¥µ—«
(percentage of elongation) ¢Õß™‘Èπß“πµ—«Õ¬à“ß„π·µà≈–√ÿàπ Nelson
·≈–§≥–10 ‰¥â»÷°…“ ¡∫—µ‘∑“ß°≈¢Õß‚≈À–‡®◊Õπ‘°‡°‘≈-‚§√‡¡’¬¡

∑’Ëºà“π°“√‡À«’Ë¬ß´È”µ—Èß·µà 1-100 §√—Èß ´÷Ëß∑ÿ°§√—Èß®–º ¡‚≈À–‡°à“∑’Ë
ºà“π°“√‡À«’Ë¬ß„π§√—Èß°àÕπ‡¢â“°—∫‚≈À–„À¡à„π —¥ à«π√âÕ¬≈– 50.0
æ∫«à“ ¡∫—µ‘∑“ß°≈·≈–‚§√ß √â“ß∑“ß®ÿ≈¿“§ (microstructure) ¢Õß
‚≈À–„π·µà≈–√ÿàπ‰¡à¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠ Khamis11

‰¥â»÷°…“º≈°“√π”‚≈À–‡®◊Õ‚§∫Õ≈µå-‚§√‡¡’¬¡·≈–‚≈À–‡®◊Õπ‘°‡°‘≈-
‚§√‡¡’¬¡°≈—∫¡“„™ấ È” æ∫«à“ “¡“√∂À≈Õ¡°≈—∫¡“„™â„À¡à‰¥â 4 §√—Èß
‚¥¬‰¡à∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡µâ“π∑“πµàÕ°“√°—¥°√àÕπ
(corrosion resistance) Altay ·≈–§≥–12 æ∫«à“°“√„™âª√‘¡“≥
‚≈À–‡°à“¡“°°«à“√âÕ¬≈– 50.0 ∑”„Àâ ¡∫—µ‘¢Õß‚≈À–‡®◊Õ‚§∫Õ≈µå-
‚§√‡¡’¬¡‡ª≈’Ë¬π·ª≈ß §◊Õ ‡À«’Ë¬ß‰¥â¬“°¢÷Èπ °“√‰À≈≈¥≈ß ·≈–
§«“¡µâ“π∑“πµàÕ°“√ ÷° (wear resistance) ≈¥≈ß ª√‘π∑√13 æ∫«à“
‡©æ“–‚≈À–∑’Ë‡À«’Ë¬ß‚¥¬¡’ —¥ à«π√–À«à“ß‚≈À–‡°à“∑’Ëºà“π°“√‡À«’Ë¬ß
1 §√—Èß √âÕ¬≈– 25.0 °—∫‚≈À–„À¡à √âÕ¬≈– 75.0 ‡∑à“π—Èπ ∑’Ë¡’ ¡∫—µ‘
∑“ß°≈ºà“π‡°≥±å¡“µ√∞“πµ“¡¢âÕ°”Àπ¥∑’Ë 14 ¢Õß ¡“§¡
∑—πµ·æ∑¬å·Ààß À√—∞Õ‡¡√‘°“ ”À√—∫π”¡“„™â∑”‚§√ß‚≈À–øíπ‡∑’¬¡
∫“ß à«π∂Õ¥‰¥â

®“°°“√∑∫∑«π«√√≥°√√¡∑’Ëºà“π¡“ ºŸâ«‘®—¬‡ÀÁπ«à“§«√»÷°…“
‡æ‘Ë¡‡µ‘¡‡°’Ë¬«°—∫º≈°“√π”‚≈À–‡°à“°≈—∫¡“„™â´È”µàÕ ¡∫—µ‘∑“ß°≈
¢Õß‚≈À– ‚¥¬®”≈Õß°“√∑¥ Õ∫„Àâ„°≈â‡§’¬ß°—∫°“√„™âß“π„π∑“ß
§≈‘π‘°®√‘ß¡“°¢÷Èπ ®÷ß‡≈◊Õ°∑”°“√»÷°…“‚¥¬®”≈Õß™‘Èπß“π‡≈’¬π·∫∫
·¢π¬÷¥¢Õßµ–¢Õ‚Õ∫øíπ (circumferential clasp) ÷́Ëß‡ªìπ à«π
ª√–°Õ∫∑’Ë ”§—≠∑’Ë ÿ¥µàÕ°“√„Àâ·√ß¬÷¥·°àøíπ‡∑’¬¡ ß“π«‘®—¬π’È®÷ß
¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“ ¡∫—µ‘∑“ß°≈·≈–‚§√ß √â“ß∑“ß®ÿ≈¿“§
¢Õßµ–¢Õ‚Õ∫øíπ‚≈À–‡®◊Õ‚§∫Õ≈µå-‚§√‡¡’¬¡ ∑’Ëπ”‚≈À–‡°à“°≈—∫
¡“„™ấ È”„π —¥ à«π¢Õß‚≈À–‡°à“·≈–‚≈À–„À¡àÕ¬à“ß≈–√âÕ¬≈– 50.0
‚¥¬πÈ”Àπ—°‡ª√’¬∫‡∑’¬∫°—∫‚≈À–„À¡à·≈–‚≈À–‡°à“

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

°“√‡µ√’¬¡™‘Èπß“πµ—«Õ¬à“ß
ÕÕ°·∫∫™‘Èπß“πµ—«Õ¬à“ß ÷́Ëß¥—¥·ª≈ß¡“®“°™‘Èπß“π∑’Ë„™â„π

ß“π«‘®—¬¢Õß Mahmoud „πªï 200714 (√Ÿª∑’Ë 1a) «“ß°√– «π¢’Èº÷Èß
µ–¢Õæ√’øÕ√å¡™π‘¥ 21M (preformed clasp wax pattern: 21M,
Flex-seal patterns, Dentsply, York, PA, U.S.A.) ∫π·∑àß™‘ÈπÀ≈àÕ
«— ¥ÿ∑”‡∫â“ (investment cast) ∑√ß°√–∫Õ° ∑”¥â«¬«— ¥ÿ∑”‡∫â“
´‘≈‘°“∫Õπ¥å (silica bonded investment, Dentsply, York, PA, U.S.A.)
´÷Ëß¡’√—»¡’ 5 ¡¡. ‚¥¬ à«πµâπµ–¢Õ‡√‘Ë¡µâπ®“°‡æ≈∑ (plate) ´÷Ëß
‡®“–√Ÿ¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 2 ¡¡. ®”π«π 2 √Ÿ  ”À√—∫¬÷¥ °√Ÿ
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‡¢â“°—∫Õÿª°√≥å∑’Ë„™â¬÷¥™‘Èπß“π‡¢â“°—∫‡§√◊ËÕß∑¥ Õ∫ “°≈ (Universal
testing machine, Instron 8872, Instron, Norwood, MA, U.S.A.) ·≈–
«“ß°√– «π¢’Èº÷Èßµ–¢Õ‚§âß‰ªµ“¡æ◊Èπº‘«∑√ß°√–∫Õ°‡ªìπ√–¬– 120
Õß»“ µ“¡·π«√–π“∫¢Õßæ◊Èπº‘«Àπâ“µ—¥∑√ß°√–∫Õ° (√Ÿª∑’Ë 1a)
‚¥¬∑’Ë·¢πµ–¢Õ¡’§«“¡°«â“ß·≈–§«“¡Àπ“‡©≈’Ë¬∑’Ë¡ÿ¡ 30 Õß»“
‡∑à“°—∫ 1.58 ¡¡. ·≈– 1.30 ¡¡. µ“¡≈”¥—∫ ·≈–¡’§«“¡°«â“ß
·≈–§«“¡Àπ“‡©≈’Ë¬∑’Ë¡ÿ¡ 120 Õß»“ ‡∑à“°—∫ 1.31 ¡¡. ·≈– 0.88
¡¡. µ“¡≈”¥—∫

π”¢’Èº÷Èß·°π§â“ß√Ÿ‡∑ (sprue wax pattern) ¡“¬÷¥‡¢â“°—∫·∫∫
¢’Èº÷Èß™‘Èπµ—«Õ¬à“ßµâπ·∫∫ ≈ß‡∫â“Ωíß¥â«¬«— ¥ÿ∑”‡∫â“ (V.R. investment

system, Dentsply, York, PA, U.S.A.) ·≈–‡À«’Ë¬ß‚≈À–‡®◊Õ‚§∫Õ≈µå-
‚§√‡¡’¬¡ (cobalt-chromium alloy, Vitallium, Dentsply, York, PA,
U.S.A.) (µ“√“ß∑’Ë 1) À¡“¬‡≈¢√ÿàπ 2223 ¥â«¬«‘∏’°“√‡º“‰≈à¢’Èº÷Èß (lost
wax technique) ‚¥¬„™â‡§√◊ËÕß‡À«’Ë¬ß™π‘¥Õ“»—¬·√ßÀπ’»Ÿπ¬å°≈“ß
¢—∫‡§≈◊ËÕπ¥â«¬‰øøÑ“ (Centrifugal casting machine: Induction Casting
Machine ECM4, Dentsply, York, PA, U.S.A.) µ“¡§”·π–π”¢Õß
∫√‘…—∑ºŸâº≈‘µ π”™‘Èπß“πµ—«Õ¬à“ßµâπ·∫∫∑’Ë‰¥â¡“µ‘¥µÿà¡√Ÿª∑√ß°≈¡
¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 0.5 ¡¡. ∑’Ë¥â“π„π à«πª≈“¬µ–¢Õ‡æ◊ËÕ‡ªìπ
®ÿ¥„Àâ·√ß°¥„π°“√∑¥ Õ∫ ≈Õ°·∫∫™‘Èπµ—«Õ¬à“ßµâπ·∫∫‚¥¬«‘∏’
∑”‡∫â“Õ—¥™‘Èπµ—«Õ¬à“ß·∫∫·¬° (split mold technique) ¥â«¬«— ¥ÿ

√Ÿª∑’Ë 1 (a) ¿“æ«“¥· ¥ß™‘Èπß“πµ—«Õ¬à“ß·≈–¡ÿ¡„π°“√„Àâ·√ß°¥™‘Èπß“π (™‘Èπß“πµ—«Õ¬à“ßª√–°Õ∫¥â«¬·¢πµ–¢Õ µÿà¡„π°“√„Àâ·√ß°¥ ·≈–‡æ≈∑ ´÷Ëß¡’√Ÿ ”À√—∫„Àâ °√Ÿ
¬÷¥°—∫Õÿª°√≥å¬÷¥™‘Èπß“π (b) ¿“æ«“¥· ¥ß™‘Èπß“π∑’Ë¬÷¥‡¢â“°—∫Õÿª°√≥å¬÷¥™‘Èπß“π´÷Ëß¡’√–π“∫‡Õ’¬ß‡ªìπ¡ÿ¡ 30 Õß»“„π·π«¥‘Ëß (c) ™‘Èπß“π∑’Ë¬÷¥‡¢â“°—∫Õÿª°√≥å¬÷¥
™‘Èπß“π·≈–À—«°¥´÷Ëß«“ßÕ¬Ÿà∫πµÿà¡„π°“√„Àâ·√ß°¥∑’Ë à«πª≈“¬¥â“π„π¢Õßµ–¢Õ

Fig. 1 (a) schematic illustration of test specimen and loading angle. (specimen consists of a clasp arm, a loading sphere and a plate with 2 screw

holes for fixation with the holder.) (b) schematic illustration of test specimen mounted with specimen holder, which has vertically 30 degree

inclined plane. (c) mounted specimen with testing stylus on the loading sphere at the clasp tip.

µ“√“ß∑’Ë 1  àà«πª√–°Õ∫  ¡∫—µ‘∑“ß°“¬¿“æ·≈– ¡∫—µ‘∑“ß°≈ ·≈–§”·π–π”„π°“√À≈àÕ‚≈À–¢Õß∫√‘…—∑ºŸâº≈‘µ‚≈À–‰«∑“≈‡≈’¬¡
Table 1 Composition, Physical and mechanical properties and casting instruction of Vitallium® alloy manufacturer

Composition

Cobalt ......................... 60%

Chromium ................... 31.5%

Molybdenum ............... 6.0%

Nickel and Beryllium free alloy

Physical and mechanical properties

0.2% yield strength .................. 616 MPa

Ultimate tensile strength .......... 855 MPa

Modulus of elasticity ................. 200,000 MPa

Percent elongation ................... 4.5%

Vickers hardness ...................... 428 VHN1

Melting range ............................ 1,300-1,370°C

Casting instruction

To maintain the physical and mechanical properties of

this alloy, it is recommended that at least 50% new

metal be used for each casting.

Reverse (buttons) must be sandblasted and cleaned

prior to reuse.
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æ‘¡æå·∫∫´‘≈‘‚§π™π‘¥»Ÿπ¬å (type 0 silicone impression material,
Lab putty 90, Vertex Dental, Zeist, Netherlands) ‡æ◊ËÕ √â“ß·∫∫
‡√´‘πÕ–§√‘≈‘° ”À√—∫‡À«’Ë¬ß‚≈À– ‚¥¬„™â‡√´‘π™π‘¥∫à¡‡Õß (self cured
inlay pattern resin, Dura Lay, Worth, IL, U.S.A.)

π”·∫∫‡√´‘πÕ–§√‘≈‘°∑—ÈßÀ¡¥¡“‡À«’Ë¬ß‚≈À–‡®◊Õ‚§∫Õ≈µå-
‚§√‡¡’¬¡¥â«¬«‘∏’°“√‡º“‰≈à¢’Èº÷Èß µ“¡¢—ÈπµÕπ‡™àπ‡¥’¬«°—∫°“√‡À«’Ë¬ß
‚≈À–™‘Èπµ—«Õ¬à“ßµâπ·∫∫ ‚¥¬„™â —¥ à«π¢Õß‚≈À–„À¡àµàÕ‚≈À–
‡°à“∑’Ëµà“ß°—π„π·µà≈–°≈ÿà¡ ®”π«π°≈ÿà¡≈– 10 ™‘Èπ ¥—ßπ’È °≈ÿà¡∑’Ë 1 ‡ªìπ
‚≈À–„À¡à∑—ÈßÀ¡¥ °≈ÿà¡∑’Ë 2 „™â —¥ à«π‚¥¬πÈ”Àπ—°√–À«à“ß‚≈À–„À¡à
°—∫‚≈À–‡°à“√âÕ¬≈– 50.0 µàÕ 50.0 °≈ÿà¡∑’Ë 3 ‡ªìπ‚≈À–‡°à“∑—ÈßÀ¡¥
‚¥¬‚≈À–‡°à“∑’Ëπ”¡“„™â„π°≈ÿà¡∑’Ë 2 ·≈–°≈ÿà¡∑’Ë 3 ‡ªìπ‚≈À–∑’Ëºà“π
°“√‡À«’Ë¬ß¡“·≈â« 1 §√—Èß ÷́Ëß‰¥â¡“®“°°“√µ—¥·°π§â“ß√Ÿ‡∑ÕÕ°®“°
™‘Èπµ—«Õ¬à“ß‚≈À–¢Õß°≈ÿà¡∑’Ë 1 ¥â«¬·ºàπ§“√å∫Õ√—π¥—¡ (caborundum
disc, Dentsply, York, PA, U.S.A.) ·≈–„™âÀ—«°√ÕÀ‘π (stone bur,
Dentsply, York, PA, U.S.A.) °√Õ«— ¥ÿ∑”‡∫â“ÕÕ°„ÀâÀ¡¥ ‡ªÉ“∑√“¬
≈–‡Õ’¬¥¢π“¥ 70 ‰¡§√Õπ (Austenal dental sand, Dentsply, York,
PA, U.S.A.) ·≈–„™â‡§√◊ËÕß∑”§«“¡ –Õ“¥¥â«¬‰ÕπÈ” (steam cleaner,
Dentsply, York, PA, U.S.A.) ™—ËßπÈ”Àπ—°‚≈À–‡°à“·≈–‚≈À–„À¡à„Àâ
‰¥âª√‘¡“≥ —¥ à«πµ“¡∑’Ë°”Àπ¥‰«â ¢—¥·µàß™‘Èπ‚≈À–µ—«Õ¬à“ß„ÀâπâÕ¬
∑’Ë ÿ¥‡æ◊ËÕ≈¥§«“¡§≈“¥‡§≈◊ËÕπ®“°°“√‡ª≈’Ë¬π·ª≈ß¢π“¥·≈–
√Ÿª√à“ß¢Õßµ–¢Õ ‚¥¬„™âÀ—«°√ÕÀ‘π°√Õ·µàß‡©æ“– à«π‡°‘π ·≈â«
∑”§«“¡ –Õ“¥‚¥¬°“√‡ªÉ“∑√“¬≈–‡Õ’¬¥¢π“¥ 70 ‰¡§√Õπ

‡≈◊Õ°™‘Èπµ—«Õ¬à“ß∑’Ë ¡∫Ÿ√≥å´÷Ëß‰¡à¡’®ÿ¥∫°æ√àÕß∑’Ë “¡“√∂
 —ß‡°µ‡ÀÁπ‰¥â‡¡◊ËÕ àÕß¥Ÿ¥â«¬°≈âÕß®ÿ≈∑√√»πå™π‘¥ ‡µÕ√‘‚Õ (stereo
microscope, ML 9300, MEIJI, Saitama, Japan) ®“°π—Èππ”¡“
µ√«® Õ∫À“µ”Àπ‘¿“¬„π¥â«¬°“√∂à“¬¿“æ√—ß ’ ‚¥¬µ—Èß§à“§«“¡‡¢â¡
√—ß ’∑’Ë 90 °‘‚≈‚«≈µå 15 ¡‘≈≈‘·Õ¡·ª√å ‡«≈“ 0.6 «‘π“∑’ √–¬–Àà“ß
√–À«à“ßª“°°√–∫Õ°√—ß ’°—∫øî≈å¡ 4 π‘È«15,16 „™âøî≈å¡∂à“¬¿“æ√—ß ’
„π™àÕßª“° ‚°¥—°Õ—≈µ√“ ªï¥ ¢π“¥ 4 (Kodak ultra-speed dental
film: size 4, Eastman Kodak company, Rochester, NY, U.S.A.) ≈â“ß
øî≈å¡ ‡ªÉ“øî≈å¡„Àâ·Àâß ·≈â«µ√«®¥Ÿ¥â«¬µŸâ¥Ÿøî≈å¡·≈–·«àπ¢¬“¬ (°”≈—ß
¢¬“¬ 10 ‡∑à“) ‡≈◊Õ°‡©æ“–™‘Èπµ—«Õ¬à“ß∑’Ë‰¡à¡’øÕßÕ“°“»À√◊Õ
√Ÿæ√ÿπ¿“¬„π¡“∑¥ Õ∫

°“√∑¥ Õ∫·≈–°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈
¬÷¥™‘Èπß“πµ—«Õ¬à“ß‡¢â“°—∫Õÿª°√≥å¬÷¥™‘Èπß“π ´÷Ëß¬÷¥‡¢â“°—∫

‡§√◊ËÕß∑¥ Õ∫ “°≈ „™âÀ—«°¥ (testing stylus) √Ÿª∑√ß°√–∫Õ°
‡ âπºà“»Ÿπ¬å°≈“ß 5 ¡¡. °¥∑’Ëµÿà¡∫√‘‡«≥¥â“π„π¢Õß à«πª≈“¬¢Õß
µ–¢Õ ‚¥¬∑”¡ÿ¡„π·π«¥‘Ëß 30 Õß»“ °—∫·π«√—»¡’§«“¡‚§âß¢Õß

µ–¢Õ ¥â«¬§«“¡‡√Á«À—«°¥ 0.5 ¡¡.µàÕπ“∑’ (√Ÿª∑’Ë 1a, 1b ·≈– 1c)
‡ªìπ°“√®”≈Õß¡ÿ¡∑’Ë∑”„Àâµ–¢ÕÕâ“ÕÕ°„π¢≥–∑’Ë·¢π¬÷¥¢Õßµ–¢Õ
‚Õ∫øíπ‡§≈◊ËÕπµ—«ºà“π∫√‘‡«≥ à«πªÉÕß¢Õßøíπ14 ®π°√–∑—Ëßµ–¢ÕÀ—°
∫—π∑÷°§à“·√ß∑’Ë∑”„Àâ™‘Èπß“πÀ—° (load to fracture) ·≈–·√ß∑’Ë∑”„Àâ
™‘Èπß“π‡ª≈’Ë¬π√ŸªÕ¬à“ß∂“«√ (load to permanent deformation) ∑’Ë
ÕÕø‡ Á́µ√âÕ¬≈– 0.2 (0.2% offset) π”¢âÕ¡Ÿ≈¡“«‘‡§√“–Àåº≈¥â«¬
 ∂‘µ‘°“√«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫∑“ß‡¥’¬« (One-way: ANOVA)
·≈–‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ (Multiple comparison) ¥â«¬ ∂‘µ‘·∫∫
·Õ≈‡Õ ¥’ (LSD) ∑’Ë√–¥—∫π—¬ ”§—≠ .05 ®“°π—Èπ ÿà¡‡≈◊Õ°™‘Èπß“π∑’Ë
À—°°≈ÿà¡≈– 3 µ—«Õ¬à“ß ‡æ◊ËÕ»÷°…“¥Ÿ≈—°…≥–º‘«¢Õß√Õ¬·µ°À—°
¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ (SEM-EDS: scanning
electron microscope with EDS attachment, JEOL, JSM-6400,
Houghton, MI, U.S.A.) °”≈—ß¢¬“¬ 50 ‡∑à“ ·≈– 500 ‡∑à“ ·≈–
«‘‡§√“–ÀåÀ“ª√‘¡“≥∏“µÿ ‚§√∫Õ≈µå ‚§√‡¡’¬¡ ‚¡≈‘∫¥’π—¡ ‘́≈‘°Õπ
§“√å∫Õπ ÕÕ° ‘́‡®π Õ–≈Ÿ¡‘‡π’¬¡ ·§≈‡ ’́¬¡ ‚æ·∑ ‡ ’́¬¡ ‰∑∑“‡π’¬¡
‚´‡¥’¬¡ ·≈–·¡°π’‡´’¬¡ „π∫√‘‡«≥∑’Ë π„® ‚¥¬„™â‡∑§π‘§Õ’¥’‡Õ 
(EDS: Energy-dispersive spectroscopy)

º≈

®“°°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈¥â«¬ ∂‘µ‘§«“¡·ª√ª√«π·∫∫∑“ß
‡¥’¬« (µ“√“ß∑’Ë 1) æ∫«à“§à“‡©≈’Ë¬¢Õß·√ß∑’Ë∑”„Àâ™‘Èπß“πÀ—°„π
·µà≈–°≈ÿà¡‰¡à¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p >.05)
 à«π§à“‡©≈’Ë¬¢Õß·√ß∑’Ë∑”„Àâ™‘Èπß“π‡ª≈’Ë¬π√ŸªÕ¬à“ß∂“«√¢Õß™‘Èπß“π
„π°≈ÿà¡∑’Ë 1 ·≈–°≈ÿà¡∑’Ë 2 ‰¡à¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠
∑“ß ∂‘µ‘ ·µà¡’§à“ Ÿß°«à“§à“‡©≈’Ë¬¢Õß™‘Èπß“π„π°≈ÿà¡∑’Ë 3 Õ¬à“ß¡’
π—¬ ”§—≠∑“ß ∂‘µ‘ (p < .05)

®“°°“√µ√«®¥Ÿ≈—°…≥–æ◊Èπº‘«∑’ËÀ—°¢Õß™‘Èπß“π∑—Èß 3 °≈ÿà¡
¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ °”≈—ß¢¬“¬ 50 ‡∑à“
(√Ÿª∑’Ë 2) ‰¡àæ∫«à“¡’√Ÿæ√ÿπ∑’Ë —ß‡°µ‡ÀÁπ‰¥â·µàÕ¬à“ß„¥ ™‘Èπß“π„π°≈ÿà¡∑’Ë
1 ÷́Ëß‡À«’Ë¬ß®“°‚≈À–„À¡à∑—ÈßÀ¡¥‰¡àæ∫ ‘Ëß‡®◊Õªπ∫πæ◊Èπº‘«™‘Èπß“π
∑’ËÀ—° ®“°°“√«‘‡§√“–Àå∏“µÿ‚¥¬„™â‡∑§π‘§Õ’¥’‡Õ ∑’Ëæ◊Èπº‘«™‘Èπß“π
∑’ËÀ—° (√Ÿª∑’Ë 2a ≈Ÿ°»√ ’¢“«) æ∫«à“¡’ à«πª√–°Õ∫‡ªìπ ‚§∫Õ≈µå√âÕ¬≈–
44.3 ‚§√‡¡’¬¡√âÕ¬≈– 40.0 ‚¡≈‘∫¥’π—¡√âÕ¬≈–14.6 ·≈–´‘≈‘°Õπ√âÕ¬≈–
1.1 ™‘Èπß“π„π°≈ÿà¡∑’Ë 2 ´÷Ëß‡À«’Ë¬ß®“°‚≈À–„À¡à√âÕ¬≈– 50.0 º ¡
°—∫‚≈À–‡°à“√âÕ¬≈– 50.0 æ∫ ‘Ëß‡®◊Õªπ∫πæ◊Èπº‘«‡≈Á°πâÕ¬ (√Ÿª∑’Ë 2b
≈Ÿ°»√ ’·¥ß) ÷́Ëß®“°°“√«‘‡§√“–Àå∏“µÿ‚¥¬„™â‡∑§π‘§Õ’¥’‡Õ ∑’Ë∫√‘‡«≥
 ‘Ëß‡®◊Õªππ’Èæ∫«à“∏“µÿ à«π„À≠à‡ªìπ§“√å∫Õπ (carbon) ́ ÷Ëß¡’ª√‘¡“≥
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„πª√‘¡“≥∑’ËµË”°«à“√âÕ¬≈– 1.0 ‰¥â·°à ́ ‘≈‘°Õπ Õ–≈Ÿ¡‘‡π’¬¡ ·§≈‡´’¬¡
‚§∫Õ≈µå ‚§√‡¡’¬¡ ‚¡≈‘∫¥’π—¡ ‚´‡¥’¬¡ ·≈–·¡°π’‡ ’́¬¡ ®“°°“√
«‘‡§√“–Àå∏“µÿ∫√‘‡«≥ ‘Ëß‡®◊Õªπ‚¥¬„™â‡∑§π‘§Õ’¥’‡Õ ∑’Ëæ◊Èπº‘«™‘Èπß“π
(√Ÿª∑’Ë 1c ≈Ÿ°»√ ’¢“«) æ∫«à“¡’ à«πª√–°Õ∫‡ªìπ‚§∫Õ≈µå√âÕ¬≈– 46.3
‚§√‡¡’¬¡√âÕ¬≈– 38.3 ‚¡≈‘∫¥’π—¡√âÕ¬≈– 14.2 ·≈– ‘́≈‘°Õπ√âÕ¬≈–
1.25 º≈°“√µ√«®¥Ÿ≈—°…≥–æ◊Èπº‘«∑’Ë·µ°À—°¢Õß™‘Èπß“π¥â«¬°≈âÕß
®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥°”≈—ß¢¬“¬ 500 ‡∑à“ (√Ÿª∑’Ë 3)
‰¡àæ∫«à“¡’§«“¡·µ°µà“ßÕ¬à“ß™—¥‡®π¢Õß√Ÿª·∫∫°“√·æ√à¢¬“¬¢Õß
°“√·µ° (crack propagation pattern) „π‚§√ß √â“ß∑“ß®ÿ≈¿“§
‡¥π‰¥√µå (dendritic microstructure)

 Ÿß∂÷ß√âÕ¬≈– 74.1 √Õß≈ß¡“§◊ÕÕÕ°´‘‡®π (oxygen) ´÷Ëß¡’ª√‘¡“≥
√âÕ¬≈– 22.7 πÕ°®“°π’È¬—ß¡’∏“µÿÕ◊Ëπ Ê Õ’°À≈“¬∏“µÿ´÷Ëß·µà≈–∏“µÿ
æ∫„πª√‘¡“≥∑’ËµË”°«à“√âÕ¬≈– 1.0 ‰¥â·°à ‘́≈‘°Õπ Õ–≈Ÿ¡‘‡π’¬¡
·§≈‡´’¬¡ ‚§∫Õ≈µå ‚§√‡¡’¬¡ ‚¡≈‘∫¥’π—¡ ‚æ·∑ ‡´’¬¡ ·≈–
‰∑∑“‡π’¬¡ ®“°°“√«‘‡§√“–Àå∏“µÿ‚¥¬„™â‡∑§π‘§Õ’¥’‡Õ ∑’Ëæ◊Èπº‘«™‘Èπ
ß“π (√Ÿª∑’Ë 2b ≈Ÿ°»√ ’¢“«) æ∫«à“¡’ à«πª√–°Õ∫‡ªìπ‚§∫Õ≈µå√âÕ¬≈–
41.5 ‚§√‡¡’¬¡√âÕ¬≈– 43.4 ‚¡≈‘∫¥’π—¡√âÕ¬≈– 14.2 ·≈–´‘≈‘°Õπ
√âÕ¬≈– 0.9  à«π™‘Èπß“π„π°≈ÿà¡∑’Ë 3 ÷́Ëß‡À«’Ë¬ß®“°‚≈À–‡°à“∑—ÈßÀ¡¥
æ∫ ‘Ëß‡®◊Õªπ§àÕπ¢â“ß¡“° (√Ÿª∑’Ë 1c ≈Ÿ°»√ ’·¥ß) ´÷Ëß®“°°“√«‘‡§√“–Àå
∏“µÿ∫√‘‡«≥ ‘Ëß‡®◊Õªπ‚¥¬„™â‡∑§π‘§Õ’¥’‡Õ  æ∫«à“∏“µÿ à«π„À≠à‡ªìπ
§“√å∫Õπ‡™àπ‡¥’¬«°—π ´÷Ëß¡’ª√‘¡“≥ Ÿß∂÷ß√âÕ¬≈– 77.6 √Õß≈ß¡“
§◊ÕÕÕ°´‘‡®π ´÷Ëß¡’ª√‘¡“≥√âÕ¬≈– 14.1 ·≈–æ∫∏“µÿÕ◊ËπÀ≈“¬∏“µÿ

√Ÿª∑’Ë 2 ¿“æ¢¬“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥¢Õßæ◊Èπº‘«∑’Ë·µ°À—°¢Õß™‘Èπß“π (°”≈—ß¢¬“¬ 50 ‡∑à“) (a) ™‘Èπß“π∑’Ë∑”®“°‚≈À–„À¡à∑—ÈßÀ¡¥ (b) ™‘Èπß“π
∑’Ë∑”®“°‚≈À–„À¡à√âÕ¬≈– 50.0 º ¡°—∫‚≈À–‡°à“√âÕ¬≈– 50.0 (c) ™‘Èπß“π∑’Ë∑”®“°‚≈À–‡°à“∑—ÈßÀ¡¥

Fig. 2 SEM photomicrographs of fractured surfaces (X50 original magnification) (a) sample made from 100% new alloy (b) sample made from 50%

new alloy mixed with 50% used alloy (c) sample made from 100% used alloy.
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∫∑«‘®“√≥å

ß“π«‘®—¬π’È‡ªìπß“π«‘®—¬·√°∑’Ë»÷°…“º≈¢Õß°“√π”‚≈À–
‡°à“°≈—∫¡“„™â´È”µàÕ ¡∫—µ‘∑“ß°≈¢Õßµ–¢Õøíπ‡∑’¬¡ ‰¥â·°à ·√ß∑’Ë
∑”„Àâµ–¢ÕÀ—° ·≈–·√ß∑’Ë∑”„Àâµ–¢Õ‡ª≈’Ë¬π√ŸªÕ¬à“ß∂“«√ ‚¥¬
‡≈◊Õ°„™â‚≈À–‰«∑“≈‡≈’¬¡ (Vitallium) ´÷Ëß‡ªìπ‚≈À–‡®◊Õ‚§∫Õ≈µå-
‚§√‡¡’¬¡∑’Ë„™â°—πÕ¬à“ß·æ√àÀ≈“¬„πß“πøíπ‡∑’¬¡∫“ß à«π∂Õ¥‰¥â
∞“π‚≈À– ·≈–·∫àß™‘Èπß“πµ“¡ —¥ à«π‚¥¬πÈ”Àπ—°¢Õß‚≈À–‡°à“
·≈–‚≈À–„À¡à∑’Ë·µ°µà“ß°—πÕÕ°‡ªìπ 3 °≈ÿà¡§◊Õ °≈ÿà¡∑’Ë 1 ∑”®“°
‚≈À–„À¡à∑—ÈßÀ¡¥ °≈ÿà¡∑’Ë 2 ∑”®“°‚≈À–„À¡à√âÕ¬≈– 50.0 º ¡
°—∫‚≈À–‡°à“√âÕ¬≈– 50.0 ·≈–°≈ÿà¡∑’Ë 3 ∑”®“°‚≈À–‡°à“∑—ÈßÀ¡¥
‡π◊ËÕß®“°ºŸâ«‘®—¬µâÕß°“√∑¥ Õ∫¢âÕ √ÿª¢Õßß“π«‘®—¬ à«π„À≠à10,12,17

∑’Ë°≈à“««à“ “¡“√∂π”‚≈À–‡°à“°≈—∫¡“„™ấ È”‰¥â„π —¥ à«π¢Õß‚≈À–-

√Ÿª∑’Ë 3 ¿“æ¢¬“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥¢Õßæ◊Èπº‘«∑’Ë·µ°À—°¢Õß™‘Èπß“π (°”≈—ß¢¬“¬ 500 ‡∑à“) (a) ™‘Èπß“π„π°≈ÿà¡∑’Ë 1 ÷́Ëß∑”®“°‚≈À–„À¡à∑—ÈßÀ¡¥
(b) ™‘Èπß“π„π°≈ÿà¡∑’Ë 2 ´÷Ëß∑”®“°‚≈À–„À¡à√âÕ¬≈– 50.0 º ¡°—∫‚≈À–‡°à“√âÕ¬≈– 50.0 (c) ™‘Èπß“π„π°≈ÿà¡∑’Ë 3 ´÷Ëß∑”®“°‚≈À–‡°à“∑—ÈßÀ¡¥

Fig. 3 SEM photomicrograph of fractured surfaces (X500 original magnification) (a) sample made from 100% new alloy (b) sample made from

50% new alloy mixed with 50% used alloy (c) sample made from 100% used alloy.

‡°à“√âÕ¬≈– 50.0 ‚¥¬‰¡à∑”„Àâ§ÿ≥¿“æ¢Õß‚§√ß‚≈À–‡ ’¬‰ª √«¡∂÷ß
§”·π–π”„π°“√À≈àÕ‚≈À–¢Õß∫√‘…—∑ºŸâº≈‘µ‰«∑“≈‡≈’¬¡°≈à“«‰«â«à“
 “¡“√∂π”‚≈À–‡°à“°≈—∫¡“„™ấ È”‰¥â ‚¥¬∑’Ë§«√¡’ —¥ à«π¢Õß‚≈À–
„À¡àÕ¬à“ßπâÕ¬∑’Ë ÿ¥√âÕ¬≈– 50.0 (µ“√“ß∑’Ë 1)

„πß“π«‘®—¬π’Èæ∫«à“™‘Èπß“πµ–¢Õ¡’°“√‡ª≈’Ë¬π√ŸªÕ¬à“ß∂“«√
√–¬–Àπ÷Ëß°àÕπ™‘Èπß“πÀ—° ®÷ß®—¥‡ªìπ°“√À—°¬◊¥ (ductile fracture) ‰¡à„™à
°“√À—°‡ª√“– (brittle fracture) ‚¥¬™‘Èπß“π∑ÿ°™‘ÈπÀ—°∑’Ë∫√‘‡«≥°÷Ëß°≈“ß
¢Õßµ–¢Õ ®“°º≈°“√»÷°…“ (µ“√“ß∑’Ë 2) æ∫«à“∂÷ß·¡â«à“§à“‡©≈’Ë¬
¢Õß·√ß∑’Ë∑”„Àâ™‘Èπß“πÀ—°„π·µà≈–°≈ÿà¡®–‰¡à¡’§«“¡·µ°µà“ß°—π
Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ·µà®“°º≈°“√∑¥ Õ∫§à“‡©≈’Ë¬¢Õß·√ß
∑’Ë∑”„Àâ™‘Èπß“π‡ª≈’Ë¬π√ŸªÕ¬à“ß∂“«√ æ∫«à“§à“¢Õß™‘Èπß“π„π°≈ÿà¡∑’Ë 1
‰¡à¡’§«“¡·µ°µà“ß°—∫§à“¢Õß™‘Èπß“π„π°≈ÿà¡∑’Ë 2 Õ¬à“ß¡’π—¬ ”§—≠-
∑“ß ∂‘µ‘ ·µà¡’§à“ Ÿß°«à“§à“¢Õß™‘Èπß“π„π°≈ÿà¡∑’Ë 3 Õ¬à“ß¡’π—¬ ”§—≠-
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∑“ß ∂‘µ‘ (p < .05) · ¥ß„Àâ‡ÀÁπ«à“™‘Èπß“π„π°≈ÿà¡∑’Ë 3  “¡“√∂‡°‘¥
°“√‡ª≈’Ë¬π√ŸªÕ¬à“ß∂“«√‰¥âßà“¬°«à“™‘Èπß“π„π°≈ÿà¡∑’Ë 1 ·≈–°≈ÿà¡∑’Ë 2
´÷Ëß„π∑“ß∑—πµ°√√¡∂◊Õ«à“°“√‡ª≈’Ë¬π√Ÿª∂“«√¢Õßµ–¢Õ‡ªìπ§«“¡
≈â¡‡À≈«Õ¬à“ßÀπ÷Ëß °“√∑’Ë·¢π¬÷¥¢Õßµ–¢ÕÕâ“ÕÕ°À√◊Õ‡°‘¥°“√
‡ª≈’Ë¬π√ŸªÕ¬à“ß∂“«√®–∑”„ÀâºŸâªÉ«¬√Ÿâ ÷°«à“øíπ‡∑’¬¡À≈«¡ ´÷Ëß àß
º≈µàÕª√– ‘∑∏‘¿“æ„π°“√∫¥‡§’È¬« °“√æŸ¥ °“√°≈◊π §«“¡√Ÿâ ÷°
 ∫“¬„π¢≥– «¡„ àøíπ‡∑’¬¡ √«¡∂÷ßÕ“®¡’º≈‡ ’¬µàÕøíπÀ√◊Õ
‡π◊ÈÕ‡¬◊ËÕ„π™àÕßª“°Õ’°¥â«¬

ß“π«‘®—¬π’È¡’§«“¡·µ°µà“ß®“°ß“π«‘®—¬Õ◊Ëπ Ê ∑’Ë»÷°…“º≈¢Õß
°“√π”‚≈À–‡°à“∑’Ë„™â∑”øíπ‡∑’¬¡∫“ß à«π∂Õ¥‰¥â°≈—∫¡“„™ấ È” ‚¥¬
ß“π«‘®—¬ à«π„À≠à7,9,10,13 ®–∑”™‘Èπß“π‡ªìπ√Ÿª·∑àß∑¥ Õ∫°“√¥÷ß
(tensile bar) ·≈–∑¥ Õ∫µ“¡‡°≥±å¢âÕ°”Àπ¥∑’Ë 14 ¢Õß ¡“§¡
∑—πµ·æ∑¬å·Ààß À√—∞Õ‡¡√‘°“  à«πß“π«‘®—¬π’È¡’°“√®”≈Õß°“√
∑¥ Õ∫„Àâ„°≈â‡§’¬ß°—∫°“√„™âß“π∑“ß§≈‘π‘°®√‘ß¡“°¢÷Èπ ‚¥¬ √â“ß
™‘Èπß“π‡≈’¬π·∫∫µ–¢Õøíπ‡∑’¬¡ ·≈–„Àâ·√ß‡©◊Õπ (shear force) „π
∑‘»∑“ß∑’Ë®”≈Õß°“√¥’¥µ—«¢Õß·¢π¬÷¥¢Õßµ–¢Õ‚Õ∫øíπ¢≥–‡§≈◊ËÕπ
µ—«ºà“π à«πªÉÕß¢ÕßøíπÀ≈—° ÷́Ëß®“°º≈°“√«‘®—¬π’Èæ∫«à“¡’§«“¡
¢—¥·¬âß°—∫º≈ß“π«‘®—¬¢Õß Lewis9 ∑’Ë¬Õ¡„Àâ¡’°“√π”‚≈À–‡®◊Õπ‘°‡°‘≈-
‚§√‡¡’¬¡‡°à“°≈—∫¡“„™ấ È”‰¥â‚¥¬‰¡à¡’°“√º ¡‚≈À–„À¡à≈ß‰ª ·≈–
¢—¥·¬âß°—∫º≈ß“π«‘®—¬¢Õß Hesby ·≈–§≥–7 ∑’Ë¬Õ¡„Àâ¡’°“√π”
‚≈À–‡®◊Õ‚§∫Õ≈µå-‚§√‡¡’¬¡‡°à“°≈—∫¡“„™â È́”‰¥â‚¥¬‰¡à¡’°“√º ¡
‚≈À–„À¡à≈ß‰ª πÕ°®“°π’È¬—ß‰¥âº≈„π∑“ßµ√ß°—π¢â“¡°—∫º≈ß“π
«‘®—¬¢Õßª√‘π∑√13 ∑’Ë‰¡à·π–π”„Àâπ”‚≈À–‡°à“°≈—∫¡“„™ấ È”„π —¥ à«π
√âÕ¬≈– 50.0 ‡π◊ËÕß®“°æ∫«à“ ¡∫—µ‘∑“ß°≈¢Õß‚≈À–‡®◊Õ‚§∫Õ≈µå-
‚§√‡¡’¬¡∑’Ë‡À«’Ë¬ß‚¥¬¡’ —¥ à«π√–À«à“ß‚≈À–‡°à“√âÕ¬≈– 50.0 °—∫
‚≈À–„À¡à√âÕ¬≈– 50.0 ‚¥¬∑’Ë‚≈À–‡°à“ºà“π°“√„™ấ È” 1 §√—Èß ‰¡àºà“π

‡°≥±å¡“µ√∞“πµ“¡¢âÕ°”Àπ¥∑’Ë 14 ¢Õß ¡“§¡∑—πµ·æ∑¬å·Ààß
 À√—∞Õ‡¡√‘°“ ”À√—∫π”¡“„™â∑”‚§√ß‚≈À–øíπ‡∑’¬¡∫“ß à«π∂Õ¥‰¥â

º≈°“√«‘®—¬π’È¡’§«“¡ Õ¥§≈âÕß°—∫º≈°“√»÷°…“¢Õß Nelson
·≈–§≥–10 ∑’Ë¬Õ¡„Àâ¡’°“√π”‚≈À–‡®◊Õπ‘°‡°‘≈-‚§√‡¡’¬¡‡°à“°≈—∫
¡“„™â´È”‰¥â „π —¥ à«π¢Õß‚≈À–‡°à“√âÕ¬≈– 50.0 ·≈– Õ¥§≈âÕß
°—∫º≈°“√»÷°…“¢Õß Altay ·≈–§≥–12 ·≈– Henriques ·≈–§≥–17

∑’Ë¬Õ¡„Àâ¡’°“√π”‚≈À–‡®◊Õ‚§∫Õ≈µå-‚§√‡¡’¬¡‡°à“°≈—∫¡“„™â´È”‰¥â
„π —¥ à«π¢Õß‚≈À–‡°à“√âÕ¬≈– 50.0 ‚¥¬ Nelson ·≈–§≥–10 ‰¥â
∑”°“√«‘®—¬‚¥¬∑”°“√‡À«’Ë¬ß‚≈À–‡®◊Õπ‘°‡°‘≈-‚§√‡¡’¬¡´È” 100 §√—Èß
‚¥¬∑’Ë·µà≈–§√—Èß®–º ¡‚≈À–„À¡à≈ß‰ª„π —¥ à«π√âÕ¬≈– 50.0 æ∫
«à“‰¡à¡’º≈°√–∑∫µàÕ°“√„™âß“π∑“ß§≈‘π‘°  ¡∫—µ‘∑“ß°≈ ·≈–
‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õß‚≈À–∑’Ë‡À«’Ë¬ß‰¥â ®÷ß √ÿª«à“ “¡“√∂π”
‚≈À–‡®◊Õπ‘°‡°‘≈-‚§√‡¡’¬¡‡°à“°≈—∫¡“„™â´È”°’Ë§√—Èß°Á‰¥â À“°º ¡
‚≈À–„À¡à„π —¥ à«π‰¡àµË”°«à“√âÕ¬≈– 50.0 ·µàÕ¬à“ß‰√°Áµ“¡ °“√
«‘®—¬¢Õß Nelson π’È¡’¢âÕ∫°æ√àÕßÕ¬à“ß¡“° ‡π◊ËÕß®“°‰¡à¡’°“√„™â
 ∂‘µ‘„π°“√·ª≈º≈ ·µà·ª≈º≈®“°°“√‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬‡∑à“π—Èπ
 à«π Henriques ·≈–§≥–17  √ÿª«à“ “¡“√∂π”‚≈À–‡°à“°≈—∫¡“„™â
È́”‰¥â„π —¥ à«π√âÕ¬≈– 50.0 ‚¥¬‰¡à∑”„Àâ§«“¡µâ“π∑“πµàÕ°“√≈â“

¢Õß‚§√ß‚≈À–‡ ’¬‰ª ·µàß“π«‘®—¬¢Õß Henriques ·≈–§≥–π’È¡’®ÿ¥
∫°æ√àÕßµ√ß∑’Ë‰¡à¡’°“√∂à“¬¿“æ√—ß ’‡æ◊ËÕ§—¥™‘Èπß“π∑’Ë¡’√Ÿæ√ÿπ
¿“¬„πÕÕ°°àÕπ°“√∑¥ Õ∫ ·µà®“°°“√ àÕß°≈âÕß¥Ÿæ◊Èπº‘«¢Õß
™‘Èπß“π∑’Ë·µ°À—°®“°°“√∑¥ Õ∫ æ∫«à“¡’√Ÿæ√ÿπ„π™‘Èπß“π‡°‘¥¢÷Èπ
÷́ËßÕ“®∑”„Àâ‡°‘¥§«“¡§≈“¥‡§≈◊ËÕπ¢Õßº≈°“√«‘®—¬‰¥â

Õ¬à“ß‰√°Áµ“¡ ¬—ß‰¡à “¡“√∂ √ÿª‰¥â«à“°“√π”‚≈À–‡°à“
°≈—∫¡“„™â È́”„π —¥ à«π¢Õß‚≈À–‡°à“√âÕ¬≈– 50.0 ‰¡à¡’º≈°√–∑∫
µàÕ°“√„™âß“π∑“ß§≈‘π‘°¢Õßµ–¢Õøíπ‡∑’¬¡ ‡π◊ËÕß®“°¡’√“¬ß“π«à“
‚¥¬ª°µ‘·≈â«§«“¡≈â¡‡À≈«∑“ß°≈¢Õß‚§√ß‚≈À–øíπ‡∑’¬¡∫“ß à«π
∂Õ¥‰¥â¡—°‰¡à‰¥â‡°‘¥¢÷Èπ‚¥¬∑—π∑’ ·µà¡—°‡°‘¥¢÷ÈπÀ≈—ß®“°°“√„™âß“π
‡ªìπ√–¬–‡«≈“À≈“¬ªï ÷́Ëß· ¥ß„Àâ‡ÀÁπ«à“§«“¡≈â¡‡À≈«π’È Õ“®
®–‡°‘¥®“°°“√∑’Ë‚§√ß‚≈À–‡°‘¥§«“¡≈â“®“°°“√‰¥â√—∫§«“¡‡§âπ
´È” Ê ‡ªìπ‡«≈“π“π §«“¡µâ“π∑“πµàÕ°“√≈â“®÷ß‡ªìπªí®®—¬∑’Ë ”§—≠
Õ¬à“ßÀπ÷ËßµàÕ§«“¡§ß∑π„π∑“ß§≈‘π‘°¢Õß«— ¥ÿ∑“ß∑—πµ°√√¡18

¥—ßπ—Èπ §«√¡’°“√»÷°…“‡æ‘Ë¡‡µ‘¡∂÷ßº≈°“√π”‚≈À–‡°à“°≈—∫¡“„™ấ È”
µàÕ§«“¡µâ“π∑“πµàÕ°“√≈â“¢Õß·¢π¬÷¥¢Õßµ–¢Õøíπ‡∑’¬¡

Ben-Ur ·≈–§≥–3 ‰¥âÕ∏‘∫“¬ “‡Àµÿ§«“¡∫°æ√àÕß¢Õß
 ¡∫—µ‘∑“ß°≈¢Õß‚≈À–º ¡∑’Ë„™â∑”‚§√ß‚≈À–∑’Ë ”§—≠ 2 ª√–°“√
§◊Õ ª√–°“√·√° ‡°‘¥®“°µ”Àπ‘¿“¬„π‚§√ß‚≈À– ‚¥¬¡’ ‘Ëßªπ‡ªóôÕπ
À√◊Õº≈‘µ¿—≥±å∫“ßÕ¬à“ß®“°°“√‡À«’Ë¬ß‚≈À–∑’Ë àßº≈„Àâ ¡∫—µ‘∑“ß-
°≈¢Õß‚≈À–∑’Ë‰¥â¡’§à“µË”°«à“ª°µ‘ §«“¡ “¡“√∂„π°“√µâ“π∑“π

µ“√“ß∑’Ë 2 §à“‡©≈’Ë¬ §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π ·≈–§à“ ∂‘µ‘¢Õßº≈°“√∑¥ Õ∫
Table 2 Means, standard deviations and p-values of test results

(n = 10)

Properties Group 1 Group 2 Group 3 p-value

load to fracture

(N) 121.1±10.1 121.0±16.9 110.0±23.9 .305

load to permanent

deformation** (N) 74.8±8.8 75.8±8.8 64.9±11.8 .039*

 *statistically significant difference at alpha level = .05

**recorded load to permanent deformation at .2% offset

N = Newton

*

*
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µàÕ·√ß∑’Ë¡“°√–∑”≈¥≈ß·≈–·µ°À—°‰¥âßà“¬ ‰¥â·°à Õ‘π§≈Ÿ™—π
(inclusion) øÕßÕ“°“» √Ÿæ√ÿπ «—Ø¿“§§“√å‰∫¥å (carbide phase) ·≈–
‚§√ß √â“ß‡¥π‰¥√µå ‚¥¬∑’ËøÕßÕ“°“» √Ÿæ√ÿπ ·≈– ‘Ëßªπ‡ªóôÕπ∑’Ë
∑”„Àâ‡°‘¥‡ªìπÕ‘π§≈Ÿ™—π„π‡π◊ÈÕ‚≈À– ∑”„Àâ‚≈À–¡’§«“¡Àπ“πâÕ¬°«à“
∑’Ë§«√ ·≈–¡’™àÕß«à“ß¿“¬„π ÷́Ëß‡ªìπ®ÿ¥ÕàÕπ‚¥¬‡ªìπ®ÿ¥µâπ°”‡π‘¥
√Õ¬√â“«‡¡◊ËÕ‚§√ß‚≈À–‰¥â√—∫·√ß  à«π«—Ø¿“§§“√å‰∫¥å‡°‘¥®“°
ª√‘¡“≥§“√å∫Õπ∑’Ë¡“°‡°‘π‰ª„π à«πº ¡ (√âÕ¬≈– 1.0-1.5) ∑”„Àâ
‚≈À–∑’Ë·¢Áßµ—«‡√Á«¡’«—Ø¿“§§“√å‰∫¥å‡ªìπª√‘¡“≥¡“° ≈¥§«“¡
·¢Áß·√ß·≈–°“√¬◊¥µ—«≈ß  à«π§«“¡‡ª√“–‡æ‘Ë¡¢÷Èπ „π‚≈À–À≈àÕ∑’Ë
À—°¡—°æ∫«à“¡’«—Ø¿“§§“√å‰∫¥å‡™◊ËÕ¡µàÕ°—π‡ªìπ‚§√ß √â“ß¢π“¥„À≠à
·≈–µàÕ‡π◊ËÕß°—π®”π«π¡“° ·≈–®“°°“√∑’Ë«—Ø¿“§§“√å‰∫¥å¡’¢π“¥
„À≠à®– àßº≈„Àâ‚§√ß √â“ß‡¥π‰¥√µå¡’¢π“¥‡≈Á°≈ß ·≈–‚≈À–º ¡
¬◊¥µ—«≈¥≈ß ´÷Ëß Annusavice19 °≈à“««à“‚¥¬∑—Ë«‰ª·≈â«‚≈À–À≈àÕ‰¡à
µâÕß°“√‚§√ß √â“ß‡¥π‰¥√µå ‡π◊ËÕß®“°∫√‘‡«≥√–À«à“ß‚§√ß √â“ß
‡¥π‰¥√µå (interdendritic region) ‡ªìπ∫√‘‡«≥∑’Ë√Õ¬·µ°·æ√à¢¬“¬
‰¥âßà“¬  à«π “‡Àµÿª√–°“√∑’Ë 2 ‡ªìπº≈®“°°“√‡À«’Ë¬ß‚≈À–´÷Ëß
ª√“»®“°µ”Àπ‘ °“√À—°¢Õß‚§√ß‚≈À–∑’Ëª√“»®“°µ”Àπ‘π—Èπ‡ªìπ
º≈¡“®“°°“√∑’Ë‚≈À–π—Èπ¡’‡°√π (grain) ¢π“¥„À≠à´÷Ëß∑πµàÕ§«“¡
‡§âπ‰¥âµË” ‚¥¬∏√√¡™“µ‘·≈â«‚≈À–∑’Ë¡’‡°√π¢π“¥‡≈Á°®–¡’ ¡∫—µ‘
¥’°«à“‚≈À–∑’Ë¡’‡°√π¢π“¥„À≠à ¡’§«“¡ “¡“√∂„π°“√µâ“πµàÕ
°“√‡°‘¥°“√‡ª≈’Ë¬π√ŸªÕ¬à“ß∂“«√‰¥â¡“°°«à“ §«“¡µâ“π∑“πµàÕ
°“√≈â“ Ÿß°«à“ ¡’§à“§«“¡∑π·√ß¥÷ß Ÿß°«à“ ·≈–¡’§«“¡ “¡“√∂
„π°“√§◊πµ—« Ÿß°«à“

°“√»÷°…“À≈“¬°“√»÷°…“æ¬“¬“¡Õ∏‘∫“¬ “‡Àµÿ∑’Ë°“√π”
‚≈À–‡°à“°≈—∫¡“„™â´È”¡’º≈∑”„Àâ ¡∫—µ‘∑“ß°≈¢Õß‚≈À–¥âÕ¬≈ß
Altay ·≈–§≥–12 ‰¥â‡ πÕ·π«§‘¥«à“°“√º ¡‚≈À–‡°à“∑”„Àâ ‘Ëß-
ªπ‡ªóôÕπ ÕÕ°‰´¥å ·≈–‡»…«— ¥ÿ·ª≈°ª≈Õ¡¡’‚Õ°“ ·∑√°µ—«„π
‚≈À–‡æ‘Ë¡¡“°¢÷Èπ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‡¡◊ËÕº ¡‚≈À–‡°à“„πª√‘¡“≥
¡“° ®–¬‘Ëß¡’ ‘Ëßªπ‡ªóôÕπ∑’ËÕ¬Ÿà¿“¬„π‚≈À–‡°à“¡“°¢÷Èπ ´÷ËßÕ“® —ß‡°µ
‰¡à‡ÀÁπ¥â«¬µ“‡ª≈à“ ·µà àßº≈„Àâ ¡∫—µ‘∑“ß°≈¢Õß‚≈À–¥âÕ¬≈ß‰¥â
¥—ßπ—Èπ ®÷ß¡’π—°«‘®—¬À≈“¬∑à“π·π–π”«à“°àÕππ”‚≈À–‡°à“°≈—∫¡“
„™ấ È”§«√∑”§«“¡ –Õ“¥‡Õ“«— ¥ÿ∑”‡∫â“ÕÕ°®“°™‘Èπß“π„Àâ¡“°∑’Ë ÿ¥
‚¥¬‡ªÉ“∑√“¬¥â«¬ºßÕ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å (aluminum oxide) ·≈–
∑”§«“¡ –Õ“¥¥â«¬‡§√◊ËÕß∑”§«“¡ –Õ“¥Õ—≈µ√“‚´π‘°‚¥¬„™âπÈ”-
°≈—Ëπ ‡æ◊ËÕ≈¥ ‘Ëßªπ‡ªóôÕπ´÷ËßÕ“®°àÕ„Àâ‡°‘¥º≈‡ ’¬µàÕ ¡∫—µ‘∑“ß°≈
¢Õß‚≈À–„Àâ‡À≈◊ÕπâÕ¬∑’Ë ÿ¥7,10,17,20 πÕ°®“°π’È°“√À≈Õ¡‚≈À–‡°à“
´È”¬—ß àßº≈„Àâ‚≈À–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ßÕß§åª√–°Õ∫¿“¬„π ´÷Ëßº≈
®–¡“°¢÷Èπµ“¡®”π«π§√—Èß„π°“√À≈Õ¡ È́” °“√‰¥â√—∫§«“¡√âÕπ
®π∂÷ß√–¥—∫∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß∑“ß®ÿ≈¿“§À≈“¬§√—Èß

Õ“®∑”„Àâ Ÿ≠‡ ’¬∏“µÿ‚≈À–∫“ßµ—«®“° ¿“«–ÕÕ° ‘́‡¥™—πÀ√◊Õ
®“°°“√√–‡À¬‰¥â ®÷ß°àÕ„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß ¡∫—µ‘∑“ß°≈¢Õß
‚≈À–®“°°“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥∏“µÿ‚≈À–∑’Ë‡ªìπÕß§åª√–°Õ∫
„π·µà≈–§√—Èß∑’Ë¡’°“√π”‚≈À–‡°à“°≈—∫¡“„™ấ È” ÷́Ëß∂÷ß·¡â«à“°“√º ¡
‚≈À–„À¡àÕ“®¡’ à«π™à«¬™¥‡™¬∏“µÿ‚≈À–∫“ßµ—«∑’Ë¢“¥À“¬‰ª ·µà
‰¡à‰¥â™à«¬„Àâ ¡∫—µ‘∑“ß°≈¢Õß‚≈À–∑’Ë‡À«’Ë¬ß‰¥â¥’¢÷Èπ21 πÕ°®“°
ªí≠À“¥—ß°≈à“« °“√‡ª≈’Ë¬π·ª≈ßÕß§åª√–°Õ∫¿“¬„π‚≈À–‡¡◊ËÕ
ºà“π°“√À≈Õ¡´È”¬—ß àßº≈µàÕ ¡∫—µ‘∑“ß°≈∑“ßÕâÕ¡ ®“°°“√∑’Ë
‚≈À–‡À«’Ë¬ß‰¥â¬“°¢÷Èπ ‡π◊ËÕß®“°°“√‰À≈≈¥≈ß ∑”„Àâ‚≈À–·¬°µ—«
·≈–ª√“°Ø‡ªìπøÕßÕ“°“»À√◊Õ√Ÿæ√ÿπ¿“¬„π‚≈À–À≈—ß®“°·¢Áßµ—«
¥—ß‡™àπªí≠À“∑’Ëæ∫„π°“√»÷°…“¢Õß Hesby ·≈–§≥–7 ·≈–
Henriques ·≈–§≥–17 √«¡∂÷ß„π°“√»÷°…“§√—Èßπ’È¥â«¬

ß“π«‘®—¬π’È‰¥â∂à“¬¿“æ√—ß ’‡æ◊ËÕµ√«® Õ∫√Ÿæ√ÿπ¿“¬„π™‘Èπß“π
‚¥¬æ∫«à“™‘Èπß“π„π°≈ÿà¡∑’Ë 1 æ∫√Ÿæ√ÿπ„π 2 ™‘Èπß“π ´÷Ëß‡ªìπ‡æ’¬ß
√Ÿæ√ÿπ¢π“¥‡≈Á° ·≈–æ∫™‘Èπ≈– 1 µ”·Àπàß‡∑à“π—Èπ ™‘Èπß“π„π°≈ÿà¡∑’Ë 2
æ∫√Ÿæ√ÿπ„π™‘Èπß“π®”π«π 5 ™‘Èπ  à«π™‘Èπß“π„π°≈ÿà¡∑’Ë 3 æ∫√Ÿæ√ÿπ
„π™‘Èπß“π®”π«π 7 ™‘Èπ ´÷Ëß∂÷ß·¡â√Ÿæ√ÿπ®–¡’¢π“¥‰¡à„À≠à¡“°π—°
·µà°√–®“¬Õ¬ŸàÀ≈“¬µ”·Àπàß„π™‘Èπß“π ‡ÀÁπ‰¥â«à“™‘Èπß“π∑’Ë∑”®“°
‚≈À–‡°à“„πÕ—µ√“ à«πº ¡∑’Ë¡“°¢÷Èπ®–æ∫√Ÿæ√ÿπ„π™‘Èπß“π¡“°¢÷Èπ
ºŸâ«‘®—¬‰¥â§—¥™‘Èπß“π∑’Ëµ√«®æ∫√Ÿæ√ÿπ∑—ÈßÀ¡¥ÕÕ°®“°°“√∑¥ Õ∫
‡æ◊ËÕªÑÕß°—π°“√§≈“¥‡§≈◊ËÕπ¢Õßº≈°“√∑¥≈Õß ®÷ß‰¡àæ∫√Ÿæ√ÿπ
®“°°“√µ√«®¥Ÿ≈—°…≥–æ◊Èπº‘«∑’Ë·µ°À—°¢Õß™‘Èπß“π¥â«¬°≈âÕß
®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥

®“°º≈°“√µ√«®¥Ÿ≈—°…≥–æ◊Èπº‘«∑’Ë·µ°À—°¢Õß™‘Èπß“π
¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥°”≈—ß¢¬“¬ 50 ‡∑à“
æ∫«à“ª√‘¡“≥¢Õß ‘Ëßªπ‡ªóôÕπ®–‡æ‘Ë¡ Ÿß¢÷Èπµ“¡Õ—µ√“ à«π¢Õß‚≈À–-
‡°à“∑’Ëπ”°≈—∫¡“„™ấ È” ·≈–®“°°“√«‘‡§√“–Àå∏“µÿ„π∫√‘‡«≥∑’Ëæ∫ ‘Ëß
ªπ‡ªóôÕπ‚¥¬„™â‡∑§π‘§Õ’¥’‡Õ  æ∫«à“ª√‘¡“≥∏“µÿ à«π„À≠à‡ªìπ
§“√å∫Õπ ´÷Ëßæ∫„πª√‘¡“≥∑’Ë Ÿß°«à“√âÕ¬≈– 70.0 ∑—Èß„π™‘Èπß“π∑’Ë
∑”®“°‚≈À–‡°à“√âÕ¬≈– 50.0 ·≈–™‘Èπß“π∑’Ë∑”®“°‚≈À–‡°à“∑—ÈßÀ¡¥
Annusavice19 °≈à“««à“°“√¡’§“√å∫ÕπÕ‘π§≈Ÿ™—π‡ªìπ “‡ÀµÿÀπ÷Ëß¢Õß
§«“¡∫°æ√àÕß¢Õß™‘Èπß“π‚≈À–∑’ËÀ≈àÕ‰¥â ‚¥¬∑’Ë§“√å∫ÕπÕ“®®–¡“
®“°‡∫â“À≈Õ¡ (crucible) À√◊ÕÀ—«‡™◊ËÕ¡ (torch) ∑’Ë¡’°“√ª√—∫‰¡à
‡À¡“– ¡ À√◊ÕÕ“®¡“®“°«— ¥ÿ∑”‡∫â“∑’Ë¡’§“√å∫Õπ‡ªìπ à«πª√–°Õ∫
´÷ËßÕπÿ¿“§‡À≈à“π’È “¡“√∂π”‰ª Ÿà°“√‡°‘¥§“√å‰∫¥å„π«—Ø¿“§§“√å‰∫¥å
À√◊ÕÕ“®‡°‘¥‡ªìπ§“√å∫ÕπÕ‘π§≈Ÿ™—π∑’Ë “¡“√∂ —ß‡°µ‡ÀÁπ‰¥â

∂÷ß·¡â«à“„πß“π«‘®—¬π’È®–∑”§«“¡ –Õ“¥‚≈À–‡°à“∑’Ëºà“π
°“√„™â´È”¡“·≈â«‡ªìπÕ¬à“ß¥’ °àÕπ∑’Ë®–π”‰ªÀ≈Õ¡´È”¥â«¬°“√‡ªÉ“-
∑√“¬≈–‡Õ’¬¥¢π“¥ 70 ‰¡§√Õπ ·≈–„™â‡§√◊ËÕß∑”§«“¡ –Õ“¥¥â«¬
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Õ“®“√¬å∑’Ëª√÷°…“ ºŸấ ÷Ëß°√ÿ≥“™’È·π–·π«∑“ß·≈–„Àâ§”·π–π”µà“ß Ê
∑’Ë‡ªìπª√–‚¬™πåÕ¬à“ß¬‘Ëßµ≈Õ¥°“√∑”ß“π«‘®—¬π’È ºŸâ«‘®—¬®–¢Õ√–≈÷°
∂÷ßæ√–§ÿ≥¢ÕßÕ“®“√¬åµ≈Õ¥‰ª ¢Õ„ÀâÕ“®“√¬å‰ª Ÿà ÿ§µ‘‡∑Õ≠

ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬∑’Ë„Àâ∑ÿπÕÿ¥Àπÿπ
«‘∑¬“π‘æπ∏å ”À√—∫π‘ ‘µ §√—Èß∑’Ë 2 ªïß∫ª√–¡“≥ 2552 ‡≈¢∑’Ë 77
·≈–¢Õ¢Õ∫§ÿ≥ “¬πÈ”∑‘æ¬å·≈ª∑’Ë„Àâ§«“¡™à«¬‡À≈◊Õ„π°“√º≈‘µ
™‘Èπß“π«‘®—¬ ∑”„Àâß“π«‘®—¬π’È ”‡√Á®≈ÿ≈à«ß‰ª‰¥â¥â«¬¥’
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°“√»÷°…“‚§√ß √â“ß∑“ß®ÿ≈¿“§„πß“π«‘®—¬π’È‡ªìπ‡æ’¬ß°“√
»÷°…“„π‡∫◊ÈÕßµâπ‡∑à“π—Èπ §«√¡’°“√»÷°…“‡æ‘Ë¡‡µ‘¡‚¥¬°“√π”™‘Èπß“π
‚≈À–‰ª¢—¥‡ß“·≈–°—¥¥â«¬°√¥∑’Ë‡À¡“– ¡ ‡æ◊ËÕπ”‰ªµ√«® Õ∫
‚§√ß √â“ß∑“ß®ÿ≈¿“§„π·ßà¢π“¥¢Õß‡°√π·≈–«—Ø¿“§§“√å‰∫¥å
πÕ°®“°π’È §«√«‘‡§√“–ÀåÕß§åª√–°Õ∫¢Õß∏“µÿ‚≈À–‡ª≈’Ë¬π·ª≈ß‰ª
‡æ◊ËÕ„Àâ‰¥â¢âÕ¡Ÿ≈∑’Ë “¡“√∂Õ∏‘∫“¬∂÷ß “‡Àµÿ¢Õß ¡∫—µ‘∑“ß°≈∑’ËµË”
≈ß‰¥â™—¥‡®π¡“°¬‘Ëß¢÷Èπ

∫∑ √ÿª

§à“‡©≈’Ë¬¢Õß·√ß∑’Ë∑”„Àâ™‘Èπß“πÀ—°„π·µà≈–°≈ÿà¡‰¡à¡’§«“¡
·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘  à«π§à“‡©≈’Ë¬¢Õß·√ß∑’Ë∑”„Àâ
™‘Èπß“π‡ª≈’Ë¬π√ŸªÕ¬à“ß∂“«√¢Õß™‘Èπß“π∑’Ë∑”®“°‚≈À–„À¡à∑—ÈßÀ¡¥
‰¡à¡’§«“¡·µ°µà“ß°—∫§à“‡©≈’Ë¬¢Õß™‘Èπß“π∑’Ë∑”®“°‚≈À–„À¡à√âÕ¬≈–
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‡§√◊ËÕß∑”§«“¡ –Õ“¥·∫∫Õ—≈µ√“‚´π‘° ‡æ◊ËÕ≈¥ ‘Ëßªπ‡ªóôÕπ´÷ËßÕ“®
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Abstract
The aim of this study was to investigate the mechanical properties and micro-

structure of cobalt-chromium alloy cast circumferential clasps recycled in 50:50 mixing
ratios by weight of used alloy and new alloy. Thirty circumferential clasp samples made
from cobalt-chromium alloy were divided into 3 groups (n = 10 per group) : 100% new alloy,
50% used alloy mixed with 50% new alloy, and 100% used alloy; the used alloy was melted
only once. Ten samples per group were tested on the universal testing machine with a
crosshead speed of 0.5 mm/min. The load to fracture and load to permanent deformation
were recorded. One-way analysis of variance and LSD multiple comparison tests were
used to compare the results of the 3 groups (α = 0.05). Three selected samples from each
group were examined the fractured surface using a Scanning Electron Microscope (SEM)
and analyzed elements with Energy dispersive spectroscopy (EDS). The results showed
that the mean load to fracture of the three groups were not significantly different (p < .05).
The mean load to permanent deformation of the 100% new alloy cast clasps was not
significantly different from that of the 50% used alloy mixed with 50% new alloy cast
clasps but was significantly greater than that of  the 100% used alloy cast clasps (p < .05).
SEM examination revealed that contamination increased with the ratio of used alloy.
In conclusion, the use of used cobalt-chromium alloy reduces the mechanical property
of the cast clasp which may result from contamination of the inclusions in the alloy.
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