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º≈¢Õß°√¥·Õ §Õ√å∫‘°µàÕ ¡∫—µ‘∫“ßª√–°“√
¢Õß¬‘ª´—¡™π‘¥∑’Ë ’Ë∑’Ë¥—¥·ª√¥â«¬æÕ≈‘Õ–§√‘≈“‰¡¥å

™—¬√—µπå «‘«—≤πå«√æ—π∏å «∑.∫., «∑.¡.1

≥—∞«¥’ ‡À≈’Ë¬¡‡®√‘≠ «∑.∫., «∑.¡.2

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

∫∑§—¥¬àÕ

«—µ∂ÿª√– ß§å ‡æ◊ËÕ»÷°…“∂÷ßº≈¢Õß°√¥·Õ §Õ√å∫‘°∑’Ë¡’µàÕ°”≈—ß·√ßÕ—¥ ‡«≈“·¢Áßµ—« ·≈–°“√¢¬“¬µ—«‡π◊ËÕß®“°
°“√·¢Áßµ—«¢Õß¬‘ª´—¡™π‘¥∑’Ë ’Ë∑’Ë¥—¥·ª√¥â«¬æÕ≈‘Õ–§√‘≈“‰¡¥å

«— ¥ÿ·≈–«‘∏’°“√ „π°“√∑¥≈Õßπ’È‰¥â„™â¬‘ª´—¡™π‘¥∑’Ë ’Ë„πª√‘¡“≥√âÕ¬≈– 97.5 ·≈–Õ–§√‘≈“‰¡¥å√âÕ¬≈– 2.5 ·≈–„π
°“√∑¥≈Õß®–·∫àßÕÕ°‡ªìπ°≈ÿà¡§«∫§ÿ¡·≈–°≈ÿà¡°“√∑¥≈Õß 5 °≈ÿà¡´÷Ëß„ à‚ª·∑ ‡´’¬¡‡ªÕ√å´—≈‡øµ„πª√‘¡“≥∑’Ë§ß∑’Ë
§◊Õ 0.005 ‚¡≈“√å ·≈–„ àª√‘¡“≥¢Õß°√¥·Õ §Õ√å∫‘°∑’Ë·µ°µà“ß°—π§◊Õ 0.005 0.013 0.026 0.052 ·≈– 0.105 ‚¡≈“√å
µ“¡≈”¥—∫ °“√∑¥ Õ∫°”≈—ß·√ßÕ—¥ ‡µ√’¬¡™‘Èπµ—«Õ¬à“ß√Ÿª∑√ß°√–∫Õ°¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 10 ¡‘≈≈‘‡¡µ√
 Ÿß 20 ¡‘≈≈‘‡¡µ√ °≈ÿà¡≈– 15 ™‘Èπµ—«Õ¬à“ß ∑”°“√∑¥ Õ∫§à“°”≈—ß·√ßÕ—¥ ¥â«¬‡§√◊ËÕß∑¥ Õ∫ “°≈Õ‘π µ√Õπ
√ÿàπ 8872 Õ—µ√“‡√Á«¢Õß°“√‡§≈◊ËÕπ∑’Ë¢ÕßÀ—«°¥ 1 ¡‘≈≈‘‡¡µ√µàÕπ“∑’ ∑’Ë‡«≈“ 1 ™—Ë«‚¡ß 24 ™—Ë«‚¡ß·≈– 48 ™—Ë«‚¡ß
¿“¬À≈—ß°“√º ¡ ∑”°“√«‘‡§√“–Àå∑“ß ∂‘µ‘‚¥¬„™â°“√«‘‡§√“–Àå§«“¡·ª√ª√«π∑“ß‡¥’¬« ·≈–«‘‡§√“–Àå§«“¡·µ°µà“ß
√–À«à“ß°≈ÿà¡µ—«Õ¬à“ß¥â«¬«‘∏’∫Õπ‡øÕ‚√π’ ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 °“√∑¥ Õ∫‡«≈“·¢Áßµ—« ∑”°“√∑¥ Õ∫
¥â«¬‡§√◊ËÕß∑¥ Õ∫√–¬–‡«≈“°“√°àÕµ—«™π‘¥‡¢Á¡‰«·§∑ °≈ÿà¡≈– 5 ™‘Èπµ—«Õ¬à“ß ·≈–«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘‚¥¬„™â
 ∂‘µ‘‰§ ·§«√å ¥â«¬«‘∏’¡Õπµ‘§“√å‚≈ ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 °“√∑¥ Õ∫°“√¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—«
„™â‡§√◊ËÕß‡ÕÁ°‡∑π‚´¡‘‡µÕ√å Õà“π§à“°“√¢¬“¬µ—«∑’Ë‡«≈“ 120 π“∑’¿“¬À≈—ß®“°∑”°“√º ¡·≈â«π”§à“∑’Ë‰¥â¡“§”π«≥
‡ªìπ§à“√âÕ¬≈–¢Õß°“√¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—« ·≈–«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘¥â«¬«‘∏’Õ‘π¥’‡æπ‡¥âπ∑å·´¡‡ªî≈∑’‡∑ 
·≈–«—π·´¡‡ªî≈∑’‡∑  ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ∑’Ë√âÕ¬≈– 95

º≈°“√»÷°…“ ®“°º≈°“√∑¥≈Õßæ∫«à“°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘° 0.026 ‚¡≈“√å ¡’§à“°”≈—ß·√ßÕ—¥¡“°∑’Ë ÿ¥„π∑ÿ°
™à«ß‡«≈“ ‚¥¬∑’Ë‡«≈“ 1 ·≈– 24 ™—Ë«‚¡ß ¡’§à“¡“°°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠ (p < 0.05) πÕ°®“°π’È°≈ÿà¡∑’Ë„ à
°√¥·Õ §Õ√å∫‘° 0.026 ‚¡≈“√å ¡’√–¬–‡«≈“°àÕµ—« —Èπ°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠ (p < 0.05) ·¡â«à“®“°º≈
°“√∑¥ Õ∫°“√¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—« ®–‰¡àæ∫§«“¡·µ°µà“ß√–À«à“ßÕ¬à“ß¡’π—¬ ”§—≠√–À«à“ß°≈ÿà¡π’È°—∫
°≈ÿà¡§«∫§ÿ¡ ·µà§à“°“√¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—«¡’§à“πâÕ¬∑’Ë ÿ¥‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡Õ◊ËπÊ
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 √ÿª „π°“√ª√—∫ª√ÿß§ÿ≥¿“æ„Àâ°—∫¬‘ª´—¡™π‘¥∑’Ë ’Ë¥â«¬æÕ≈‘Õ–§√‘≈“‰¡¥å ª√‘¡“≥°√¥·Õ §Õ√å∫‘°∑’Ë‡À¡“– ¡
∑’Ë ÿ¥„π°“√°√–µÿâπ°“√‡°‘¥ªØ‘°‘√‘¬“§◊Õ 0.026 ‚¡≈“√å

(« ∑—πµ ®ÿÃ“œ 2553;33:197-206)

§” ”§—≠: °“√¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—«; °”≈—ß·√ßÕ—¥; ¬‘ª´—¡™π‘¥∑’Ë ’Ë; √–¬–‡«≈“°“√°àÕµ—«; Õ–§√‘≈“‰¡¥å



« ∑—πµ ®ÿÃ“œ 2553;33:197-206 ™—¬√—µπå «‘«—≤πå«√æ—π∏å ·≈–§≥– 199

∫∑π”

„πªí®®ÿ∫—π º≈‘µ¿—≥±å¬‘ª´—¡ (gypsum product) ‡ªìπ
«— ¥ÿ∑’Ë‰¥â√—∫§«“¡π‘¬¡Õ¬à“ß Ÿß„π∑“ß∑—πµ°√√¡ ´÷Ëß¡’°“√π”
¡“„™âª√–‚¬™πå„π°“√∑”·∫∫®”≈Õßøíπ (model) ·¡à·∫∫
(die) ·≈–°“√µ‘¥µ—Èß™‘ÈπÀ≈àÕ (mount cast) ‡ªìπµâπ  ¡∫—µ‘
∑’Ë ”§—≠¢Õßº≈‘µ¿—≥±å¬‘ª´—¡∑’Ë„™â„π∑“ß∑—πµ°√√¡ª√–¥‘…∞å∑’Ë
®”‡ªìπµâÕßπ”¡“æ‘®“√≥“ §◊Õ §«“¡∂Ÿ°µâÕß·¡àπ¬”¢Õß¡‘µ‘
(dimension accuracy) °”≈—ß·√ßÕ—¥ (compressive strength)
 ¡∫—µ‘„π°“√≈Õ°√“¬≈–‡Õ’¬¥ (detail reproducibility) §«“¡
µâ“π∑“πµàÕ°“√¢—¥∂Ÿ (abrasive resistance) §«“¡·¢Áßº‘«
(surface hardness) °”≈—ß·√ß¥÷ß (tensile strength) §«“¡
ßà“¬µàÕ°“√„™âß“π ·≈–§«“¡ “¡“√∂„™âß“π√à«¡°—π°—∫«— ¥ÿ
æ‘¡æåª“°‰¥â‡ªìπÕ¬à“ß¥’1 Àπâ“∑’Ë ”§—≠¢Õßº≈‘µ¿—≥±å¬‘ª´—¡
§◊Õ ‡ªìπ«— ¥ÿ™π‘¥Àπ÷Ëß„π¢—ÈπµÕπ°“√ √â“ß™‘Èπß“πøíπª≈Õ¡
´÷ËßµâÕß¡’§«“¡‡∑’Ë¬ßµ√ß¢Õß¡‘µ‘·≈–¡’§«“¡·¢Áß·√ß∑’Ë¡“°æÕ
„π°“√ºà“π¢∫«π°“√µà“ßÊ ¢Õß°“√ √â“ß™‘Èπß“πøíπª≈Õ¡2,3

Õ¬à“ß‰√°Áµ“¡«— ¥ÿª√–‡¿∑π’È°Á¡’¢âÕ¥âÕ¬‡™àπ°—π §◊Õ ‡√◊ËÕß
¢Õß§«“¡·¢Áß·√ß §«“¡µâ“π∑“πµàÕ°“√¢—¥∂Ÿ ·≈–µâÕß√Õ
‡ªìπ√–¬–‡«≈“π“π°«à“®–‡√‘Ë¡¢∫«π°“√∑“ßÀâÕßªØ‘∫—µ‘ß“π‰¥â
´÷ËßÕ“®µâÕß„™â‡«≈“∂÷ß 24-48 ™—Ë«‚¡ß ‡æ◊ËÕ„ÀâπÈ”∑’Ë‡ªìπ à«π‡°‘π
√–‡À¬¢ÕßÕÕ°®“°·¡à·∫∫ À√◊Õ·∫∫®”≈Õßøíπ4 πÕ°®“°π’È
¬—ß¡’π—°«‘®—¬Õ’°À≈“¬∑à“π∑’Ë‰¥â°≈à“«∂÷ßªí≠À“∑’Ëæ∫¢Õß°“√„™â¬‘ª´—¡
§◊Õ „π‡√◊ËÕß¢Õß§«“¡‡ª√“–¢Õß«— ¥ÿ ·≈–¡’‚Õ°“ ∑’Ë®–‡°‘¥
°“√·µ°À—°‰¥â5-7 ®÷ß‰¥â¡’π—°«‘®—¬À≈“¬°≈ÿà¡∑’Ë‰¥âæ¬“¬“¡
§âπ§«â“∑¥≈Õß„π°“√À“ “√µà“ßÊ ‡æ◊ËÕæ—≤π“§«“¡·¢Áß·√ß
„Àâ‡æ‘Ë¡¡“°¢÷Èπ ·µà®“°°“√»÷°…“ß“π«‘®—¬∑’Ëºà“π¡“  æ∫«à“
°“√„™â “√‡æ‘Ë¡§«“¡·¢Áß·√ß°—∫¬‘ª´—¡Õ¬à“ß¡’ª√– ‘∑∏‘¿“æπ—Èπ
 àßº≈°√–∑∫µàÕ ¡∫—µ‘Õ◊ËπÊ ¢Õß¬‘ª´—¡

æÕ≈‘Õ–§√‘≈“‰¡¥å (polyacrylamide) ‡ªìπ‡√´‘π™π‘¥Àπ÷Ëß
´÷Ëß¡’ ¡∫—µ‘„π°“√≈–≈“¬πÈ”‰¥âßà“¬8,9 ·≈–„π “¬‚´à‚¡‡≈°ÿ≈¡’
 à«πª√–°Õ∫∑’Ë‡ªìπ°≈ÿà¡‡Õ¡“¬¥å (amide group) ∑’Ë “¡“√∂
 √â“ßæ—π∏– (bond) °—∫ “√ª√–°Õ∫¢Õß¬‘ª´—¡‰¥â10 ·≈–
¥â«¬ ¡∫—µ‘¢ÕßªØ‘°‘√‘¬“°“√‡°‘¥æÕ≈‘‡¡Õ√å¢Õß‡√´‘π®–‡°‘¥¢÷Èπ
Õ¬à“ß√«¥‡√Á«·≈–∑”„Àâ‡°‘¥°“√À¥µ—«¢÷Èπ11 ¥—ßπ—Èπ„π°“√
ª√—∫ª√ÿß§ÿ≥¿“æ¬‘ª´—¡‚¥¬„™âæÕ≈‘Õ–§√‘≈“‰¡¥å√à«¡¥â«¬®÷ßπà“
®–¡’§«“¡‡ªìπ‰ª‰¥â„π°“√™à«¬‡æ‘Ë¡§«“¡·¢Áß·√ß„Àâ°—∫¬‘ª´—¡
·≈–™à«¬≈¥√–¬–‡«≈“„π°“√·¢Áßµ—« (setting time) √«¡∑—Èß
¬—ß™à«¬≈¥°“√¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—« (setting expansion)
¢Õß¬‘ª´—¡Õ’°¥â«¬

„π°“√»÷°…“§√—Èßπ’È®÷ß‰¥âæ¬“¬“¡ª√—∫ª√ÿß§ÿ≥¿“æ¢Õß
¬‘ª´—¡∑’Ë ’Ë ‚¥¬‰¥â»÷°…“∂÷ßª√‘¡“≥¢Õß°√¥·Õ §Õ√å∫‘°∑’Ë
‡À¡“– ¡„π°“√‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ√å¢ÕßÕ–§√‘≈“‰¡¥å
√«¡∑—Èß»÷°…“∂÷ßº≈°√–∑∫µàÕ°”≈—ß·√ßÕ—¥ (compressive
strength) ‡«≈“·¢Áßµ—« ·≈–°“√¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—«¥â«¬

«— ¥ÿ·≈–«‘∏’°“√

„π°“√∑¥≈Õßπ’È‰¥â„™â¬‘ª´—¡™π‘¥∑’Ë ’Ë (Atlast, ∫√‘…—∑
≈“ø“√å®‡æ√ ‡∑’¬ ®”°—¥) „πª√‘¡“≥√âÕ¬≈– 97.5 ‚¥¬πÈ”Àπ—°
Õ–§√‘≈“‰¡¥å (Acrylamide for synthesis, ∫√‘…—∑‡¡Õ√å§
®”°—¥) √âÕ¬≈– 2.5 ‚¥¬πÈ”Àπ—° ·≈–‚ª·∑ ‡´’¬¡‡ªÕ√ǻ —≈‡øµ
(Potassium Persulfate, Reagent grade, ∫√‘…—∑‡¡Õ√å§ ®”°—¥)
§«“¡‡¢â¡¢âπ 0.005 ‚¡≈“√å „π∑ÿ°°≈ÿà¡°“√∑¥≈Õß ´÷Ëß·µà≈–
°≈ÿà¡„ àª√‘¡“≥¢Õß°√¥·Õ §Õ√å∫‘° (L(+)-Ascorbic acid,
Reagent grade, ∫√‘…—∑™“‡≈“ ®”°—¥) ∑’Ë·µ°µà“ß°—π §◊Õ 0.005
0.013 0.026 0.052 ·≈– 0.105 ‚¡≈“√å

°“√∑¥ Õ∫°”≈—ß·√ßÕ—¥

‡µ√’¬¡™‘Èπµ—«Õ¬à“ß√Ÿª∑√ß°√–∫Õ°¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß
10 ¡¡. ·≈–¬“« 20 ¡¡.12 °≈ÿà¡≈– 15 ™‘Èπµ—«Õ¬à“ß ∑”°“√
∑¥ Õ∫§à“§«“¡∑π·√ßÕ—¥ ¥â«¬‡§√◊ËÕß∑¥ Õ∫ “°≈ (Universal
testing machine, Instron √ÿàπ 8872; Instron, USA) Õ—µ√“‡√Á«
¢Õß°“√‡§≈◊ËÕπ∑’Ë¢ÕßÀ—«°¥ 1 ¡¡./π“∑’ ∑’Ë‡«≈“ 1 24 ·≈–
48 ™—Ë«‚¡ß ∑”°“√«‘‡§√“–Àå∑“ß ∂‘µ‘‚¥¬„™â°“√«‘‡§√“–Àå§«“¡
·ª√ª√«π∑“ß‡¥’¬« (One-way ANOVA) ·≈–«‘‡§√“–Àå
§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠√–À«à“ß°≈ÿà¡µ—«Õ¬à“ß‚¥¬∑”°“√
∑¥ Õ∫¥â«¬«‘∏’¢Õß∫Õπ‡øÕ‚√π’ (Bonferroni method) ∑’Ë
√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95

°“√∑¥ Õ∫√–¬–‡«≈“°àÕµ—«

∑”°“√∑¥ Õ∫µ“¡«‘∏’°“√∑’Ë°”Àπ¥„π‰Õ‡Õ ‚Õ (ISO;
International Organization for Standardization) 6873
º≈‘µ¿—≥±å¬‘ª´—¡∑“ß∑—πµ°√√¡ ¥â«¬‡§√◊ËÕß∑¥ Õ∫√–¬–‡«≈“
°àÕµ—«™π‘¥‡¢Á¡‰«·§∑ (Vicat needle apparatus; Soiltest,
USA) °≈ÿà¡≈– 5 ™‘Èπµ—«Õ¬à“ß ∑”°“√∑¥ Õ∫∑ÿ°Ê 15 «‘π“∑’
·≈–∫—π∑÷°‡«≈“∑’Ë‡¢Á¡‰¡à “¡“√∂·∑ß≈ß‰ª„π‡π◊ÈÕ«— ¥ÿ‰¥â≈÷°‡°‘π
°«à“ 2 ¡¡. ·≈–«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘‚¥¬„™â ∂‘µ‘‰§ ·§«√å
¥â«¬«‘∏’¡Õπµ‘§“√å‚≈∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95
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°“√∑¥ Õ∫°“√¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—«

∑”°“√∑¥ Õ∫µ“¡«‘∏’°“√∑’Ë°”Àπ¥„π‰Õ‡Õ ‚Õ 6873
º≈‘µ¿—≥±å¬‘ª´—¡∑“ß∑—πµ°√√¡¥â«¬‡§√◊ËÕß∑¥ Õ∫°“√¢¬“¬µ—«
(Extensometer) °≈ÿà¡≈– 5 ™‘Èπµ—«Õ¬à“ß Õà“π§à“°“√¢¬“¬µ—«
‡π◊ËÕß®“°°“√·¢Áßµ—«∑’Ë‡«≈“ 120 π“∑’¿“¬À≈—ß®“°∑”°“√º ¡
·≈â«π”§à“∑’Ë‰¥â¡“§”π«≥§à“°“√¢¬“¬¢≥–·¢Áßµ—«‚¥¬§‘¥‡ªìπ
√âÕ¬≈– ·≈–«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘¥â«¬«‘∏’Õ‘π¥’‡æπ‡¥âπ∑å
·´¡‡ªî≈∑’‡∑  ·≈–«—π·´¡‡ªî≈∑’‡∑ ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ∑’Ë
√âÕ¬≈– 95

º≈°“√»÷°…“
°”≈—ß·√ßÕ—¥

º≈°“√∑¥ Õ∫°”≈—ß·√ßÕ—¥¢Õß™‘Èπß“π‚¥¬„™âª√‘¡“≥
¢Õß°√¥·Õ §Õ√å∫‘°∑’Ë·µ°µà“ß°—π §◊Õ 0.005 0.013 0.026
0.052 ·≈– 0.105 ‚¡≈“√å ‚¥¬∑”°“√‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡
§«∫§ÿ¡∑’Ë‡«≈“ 1 24 ·≈– 48 ™—Ë«‚¡ß ¥—ß· ¥ß„πµ“√“ß∑’Ë 1

π”¢âÕ¡Ÿ≈∑’Ë«—¥‰¥â¡“∑”°“√∑¥ Õ∫°“√°√–®“¬µ—«¢Õß
¢âÕ¡Ÿ≈¥â«¬°“√∑¥ Õ∫·∫∫«—π·´¡‡ªî≈‚§√‚¡‚°√Õø- ‡¡ÕπÕø
(One-sample Kolmogorov-Smirnov test) æ∫«à“¢âÕ¡Ÿ≈
¡’°“√·®°·®ß·∫∫ª°µ‘ ·≈–∑”°“√∑¥ Õ∫§«“¡‡À¡◊Õπ

¢Õß§«“¡·ª√ª√«π (Homogeneity of variances) ¥â«¬
°“√∑¥ Õ∫·∫∫‡≈Õ«’π (Leveneûs test) æ∫«à“§à“§«“¡
·ª√ª√«π ¢Õß¢âÕ¡Ÿ≈·µà≈–°≈ÿà¡‰¡à·µ°µà“ß°—π ®“°π—Èππ”¢âÕ¡Ÿ≈
¡“«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫∑“ß‡¥’¬«∑’Ë√–¥—∫§«“¡‡™◊ËÕ
¡—Ëπ√âÕ¬≈– 95 ‚¥¬∑—Èß 3 ™à«ß‡«≈“ §◊Õ 1 24 ·≈– 48 ™—Ë«‚¡ß
æ∫«à“ p < 0.05 · ¥ß«à“§à“‡©≈’Ë¬¢Õß§à“°”≈—ß·√ßÕ—¥¢Õß
¬‘ª´—¡™π‘¥∑’Ë ’Ë ∑’Ë„ à°√¥·Õ §Õ√å∫‘°ª√‘¡“≥∑’Ëµà“ßÊ °—π ·≈–
°≈ÿà¡§«∫§ÿ¡ „π·µà≈–™à«ß‡«≈“¡’§«“¡·µ°µà“ß°—πÕ¬à“ßπâÕ¬
1 §Ÿà ®“°π—Èπ®÷ß∑”°“√∑¥ Õ∫‡æ◊ËÕÀ“ª√–™“°√∑’Ë¡’§à“‡©≈’Ë¬‰¡à
‡∑à“°—π (multiple comparisons) ‡æ◊ËÕ«‘‡§√“–Àå«à“¢âÕ¡Ÿ≈°≈ÿà¡
„¥·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠ ‚¥¬∑”°“√∑¥ Õ∫¥â«¬«‘∏’
¢Õß∫Õπ‡øÕ‚√π’ ‚¥¬·¬°º≈°“√«‘‡§√“–ÀåÕÕ°‡ªìπ·µà≈–
™à«ß√–¬–‡«≈“ ¥—ßπ’È

∑’Ë√–¬–‡«≈“ 1 ™—Ë«‚¡ßæ∫«à“ °≈ÿà¡§«∫§ÿ¡¡’§à“°”≈—ß·√ßÕ—¥
‡∑à“°—∫ 21.54 ± 1.60 ‡¡°–ª“ §“≈ ´÷Ëß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫
§à“°”≈—ß·√ßÕ—¥¢Õß°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘° 0.005 0.013
0.026 0.052 ·≈– 0.105 ‚¡≈“√å ®–‡ÀÁπ‰¥â«à“∑ÿ°°≈ÿà¡¡’§à“
°”≈—ß·√ßÕ—¥¡“°°«à“°≈ÿà¡§«∫§ÿ¡ ·µà‡¡◊ËÕ∑¥ Õ∫∑“ß ∂‘µ‘æ∫
«à“¡’‡æ’¬ß°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘° 0.026 ‚¡≈“√å ∑’Ë¡’§à“
°”≈—ß·√ßÕ—¥∑’Ë¡“°°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠ ∑’Ë√–¥—∫
§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95

µ“√“ß∑’Ë 1 §à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§à“°”≈—ß·√ßÕ—¥ „π°≈ÿà¡∑’Ë„ àª√‘¡“≥¢Õß°√¥·Õ §Õ√å∫‘°∑’Ë·µ°µà“ß°—π ∑’Ë
√–¬–‡«≈“ 1 24 ·≈– 48 ™—Ë«‚¡ß

Table 1. Mean and standard deviation of compressive strength of experimental groups with various ascorbic acid
concentrations at 1, 24 and 48 hours

Compressive strength (MPa)
Ascorbic acid (Molar)

1 h. 24 h. 48 h.

0 (control group) 21.54 ± 1.60 34.73 ± 1.82 39.19 ± 0.95

0.005 22.83 ± 1.14 26.69 ± 1.14 33.81 ± 1.80

0.013 21.83 ± 1.36 36.94 ± 1.61 39.87 ± 1.67

0.026 25.11 ± 0.93* 38.58 ± 0.97* 40.61 ± 1.09

0.052 21.64 ± 1.52 31.02 ± 1.74 36.98 ± 1.47

0.105 22.09 ± 1.70 30.23 ± 2.42 36.94 ± 0.78

*Significantly different from other groups at the same time testing (p < 0.05)
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∑’Ë√–¬–‡«≈“ 24 ™—Ë«‚¡ß æ∫«à“°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘°
0.013 ·≈– 0.026 ‚¡≈“√å ¡’§à“°”≈—ß·√ßÕ—¥ Ÿß°«à“°≈ÿà¡§«∫§ÿ¡
·µà„π°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘° 0.005 0.052 ·≈– 0.105 ‚¡≈“√å
¡’§à“°”≈—ß·√ßÕ—¥πâÕ¬°«à“°≈ÿà¡§«∫§ÿ¡ ·≈–‡¡◊ËÕ∑”°“√∑¥ Õ∫
∑“ß ∂‘µ‘æ∫«à“¡’‡æ’¬ß°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘° 0.026 ‚¡≈“√å
¡’§à“°”≈—ß·√ßÕ—¥¡“°°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠ ∑’Ë
√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95

∑’Ë√–¬–‡«≈“ 48 ™—Ë«‚¡ß æ∫«à“„π°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘°
0.005 0.052 ·≈– 0.105 ‚¡≈“√å ¡’§à“°”≈—ß·√ßÕ—¥πâÕ¬°«à“
°≈ÿà¡§«∫§ÿ¡ ·µà°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘° 0.013 ·≈– 0.026
‚¡≈“√å ¡’§à“°”≈—ß·√ßÕ—¥¡“°°«à“°≈ÿà¡§«∫§ÿ¡ ·µàÕ¬à“ß‰√°Áµ“¡
‰¡àæ∫§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ∑’Ë√–¥—∫
§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95

‡«≈“·¢Áßµ—«

º≈°“√∑¥ Õ∫‡«≈“·¢Áßµ—«¢Õß™‘Èπß“π‚¥¬„™âª√‘¡“≥¢Õß
°√¥·Õ §Õ√å∫‘°∑’Ë·µ°µà“ß°—π §◊Õ 0.005 0.013 0.026 0.052
·≈– 0.105 ‚¡≈“√å ‚¥¬∑”°“√‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡
¥—ß· ¥ß„π µ“√“ß∑’Ë 2

‡π◊ËÕß®“°°“√∑¥ Õ∫∑”∑ÿ°Ê 15 «‘π“∑’ ‡æ◊ËÕ¥Ÿ«à“‡¡◊ËÕ∂÷ß
√–¬–‡«≈“π—ÈπÊ ™‘Èπß“π‰¥â∂÷ß‡«≈“·¢Áßµ—«·≈â« ´÷Ëß§à“∑’Ë‰¥â‰¡à„™à
√–¬–‡«≈“°àÕµ—«∑’Ë·∑â®√‘ß ®÷ß‰¡à “¡“√∂π”¡“À“§à“‡©≈’Ë¬‰¥â
¥—ßπ—Èπ„π°“√∑¥ Õ∫§à“∑“ß ∂‘µ‘®÷ß∑”°“√∑¥ Õ∫«à“ª√‘¡“≥
¢Õß°√¥·Õ §Õ√å∫‘°∑’Ë„™â°—∫√–¬–‡«≈“°àÕµ—«¡’§«“¡ —¡æ—π∏å°—π
À√◊Õ‰¡à ‚¥¬∑”°“√∑¥ Õ∫ ∂‘µ‘‰§ ·§«√å (Chi-square test)
¥â«¬«‘∏’¡Õπµ‘§“√å‚≈ (Monte Carlo method) ´÷Ëßæ∫«à“§à“

µ“√“ß∑’Ë 2 ®”π«π·≈–√âÕ¬≈–¢Õß™‘Èπß“π¬‘ª´—¡„π·µà≈–°≈ÿà¡∑’Ë·¢Áßµ—«„π√–¬–‡«≈“µà“ßÊ „π°≈ÿà¡∑’Ë„ àª√‘¡“≥¢Õß°√¥·Õ
 §Õ√å∫‘°∑’Ë·µ°µà“ß°—π ·≈–°≈ÿà¡§«∫§ÿ¡

Table 2. Numbers and percentages of gypsum specimens in each group that had various setting time

Ascorbic acid Setting time (minutes)

(Molar) 10.45 11.10 11.15 11.30 11.45 12.00 12.15 12.30 12.45

0 (control 1 4

group) (20%) (80%)

0.005* 1 4

(20%) (80%)

0.013* 3 1 1

(60%) (20%) (20%)

0.026* 1 3 1

(20%) (60%) (20%)

0.052 3 2

(60%) (40%)

0.105 1 3 1

(20%) (60%) (20%)

*Significantly different from other groups (p < 0.05)
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p < 0.05 · ¥ß«à“ª√‘¡“≥¢Õß°√¥·Õ §Õ√å∫‘°∑’Ëµà“ß°—π°—∫
√–¬–‡«≈“°àÕµ—«¡’§«“¡ —¡æ—π∏å°—π ´÷Ëß‡¡◊ËÕ∑”°“√∑¥ Õ∫
·µà≈–°≈ÿà¡‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡‚¥¬∑”°“√∑¥ Õ∫ ∂‘µ‘‰§ ·§«√å
®–æ∫«à“°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘° 0.005 0.013 ·≈– 0.026
‚¡≈“√å ¡’‡«≈“·¢Áßµ—«πâÕ¬°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠

°“√¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—«

º≈°“√∑¥ Õ∫°“√¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—«¢Õß™‘Èπß“π
‚¥¬„™âª√‘¡“≥¢Õß°√¥·Õ §Õ√å∫‘°∑’Ë·µ°µà“ß°—π §◊Õ 0.005
0.013 0.026 0.052 ·≈– 0.105 ‚¡≈“√å ‚¥¬∑”°“√‡ª√’¬∫
‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ ´÷Ëß§”π«≥§à“°“√¢¬“¬µ—«‡π◊ËÕß®“°
°“√·¢Áßµ—«‚¥¬§‘¥‡ªìπ√âÕ¬≈– ¥—ß· ¥ß„πµ“√“ß∑’Ë 3

®“°¢âÕ¡Ÿ≈∑’Ë‰¥âæ∫«à“°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘°¡’§à“‡©≈’Ë¬
¢Õß√âÕ¬≈–°“√¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—«πâÕ¬°«à“°≈ÿà¡§«∫§ÿ¡
·µà‡¡◊ËÕπ”¡“«‘‡§√“–Àåº≈∑“ß ∂‘µ‘ ´÷Ëß‡¡◊ËÕæ‘®“√≥“·≈â«®–æ∫
«à“¡’ 4 °≈ÿà¡¥â«¬°—π∑’Ë‰¡à¡’§à“§«“¡·ª√ª√«π ‡æ√“–©–π—Èπ
· ¥ß«à“‡ªìπ§à“§ß∑’Ë13 §◊Õ °≈ÿà¡§«∫§ÿ¡ ¡’§à“‡∑à“°—∫√âÕ¬≈–
0.127 ·≈– °≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘° 0.013 0.026 ·≈– 0.052
‚¡≈“√å ¡’§à“‡∑à“°—∫√âÕ¬≈– 0.076 ¥—ßπ—Èπ®÷ß‰¡à “¡“√∂§”π«≥
§à“ ∂‘µ‘‚¥¬µ√ß‰¥â ®÷ß∑”°“√‡∑’¬∫°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘°
0.005 ‚¡≈“√å ·≈–°≈ÿà¡ 0.105 ‚¡≈“√å ¥â«¬«‘∏’Õ‘π¥’‡æπ‡¥âπ
·´¡‡ªî≈∑’‡∑  (Independent-Samples T test) ‡æ◊ËÕ∑¥ Õ∫

«à“§à“‡©≈’Ë¬¢Õß ∑—Èß 2 °≈ÿà¡¡’§«“¡·µ°µà“ß°—πÀ√◊Õ‰¡à13,14 ®“°
°“√§”π«≥∑“ß ∂‘µ‘æ∫«à“ p > 0.05 · ¥ß«à“°≈ÿà¡∑’Ë„ à°√¥
·Õ §Õ√å∫‘° 0.005 ‚¡≈“√å ·≈–°≈ÿà¡ 0.105 ‚¡≈“√å ¡’§«“¡
·µ°µà“ß°—πÕ¬à“ß‰¡à¡’π—¬ ”§—≠∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ∑’Ë√âÕ¬≈– 95

∑”°“√∑¥ Õ∫§à“∑“ß ∂‘µ‘√–À«à“ß°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘°
0.005 ‚¡≈“√å °—∫§à“§ß∑’Ë¢Õß°≈ÿà¡§«∫§ÿ¡ (√âÕ¬≈– 0.127) ·≈–
°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘° 0.013 0.026 ·≈– 0.052 ‚¡≈“√å
(√âÕ¬≈– 0.76) ¥â«¬«‘∏’«—π·´¡‡ªî≈∑’‡∑  (One Sample T
test)13,14 æ∫«à“°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘° 0.005 ‚¡≈“√å ¡’
§à“°“√¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—«πâÕ¬°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß
¡’π—¬ ”§—≠ ·µà‰¡à·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠°—∫°≈ÿà¡∑’Ë„ à°√¥
·Õ §Õ√å∫‘° 0.013 0.026 ·≈– 0.052 ‚¡≈“√å ·≈–∑”°“√
∑¥ Õ∫‡™àπ‡¥’¬«°—π°—∫°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘° 0.105 ‚¡≈“√å
¥—ß«‘∏’°“√∑¥ Õ∫¢â“ßµâπ æ∫«à“°≈ÿà¡ 0.105 ‚¡≈“√å ¡’§à“°“√
¢¬“¬µ—«πâÕ¬°«à“°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠ ·≈–¡’§à“°“√
¢¬“¬µ—«¡“°°«à“°≈ÿà¡ 0.013 0.026 ·≈– 0.052 ‚¡≈“√å Õ¬à“ß
¡’π—¬ ”§—≠∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95

‡π◊ËÕß®“°‰¡à “¡“√∂‡ª√’¬∫‡∑’¬∫∑“ß ∂‘µ‘√–À«à“ß°≈ÿà¡
§«∫§ÿ¡°—∫°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘° 0.013 0.026 ·≈– 0.052
‚¡≈“√å‰¥â ·µà‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫‚¥¬∑“ßµ√√°–·≈â« °≈ÿà¡
§«∫§ÿ¡πà“®–¡’§«“¡·µ°µà“ß°—π°—∫°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘°
0.013 0.026 ·≈– 0.052 ‚¡≈“√å

µ“√“ß∑’Ë 3 §à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§à“°“√¢¬“¬‡π◊ËÕß®“°°“√·¢Áßµ—«„π°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘°ª√‘¡“≥∑’Ë·µ°µà“ß°—π

Table 3. Mean and standard deviation of setting expansion of experimental groups with various ascorbic acid
concentrations.

Ascorbic acid (Molar) Setting expansion (%)

0 (control group) 0.127*C

0.005 0.091 ± 0.014*AB

0.013 0.076*A

0.026 0.076*A

0.052 0.076*A

0.105 0.094 ± 0.011*B

*The same alphabet letter is not significantly different (p > 0.05).
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«‘®“√≥å
„π°“√»÷°…“π’È‡≈◊Õ°„™âÕ–§√‘≈“‰¡¥å ´÷Ëß‡ªìπ¡ÕπÕ‡¡Õ√å

™π‘¥Àπ÷Ëß‚¥¬¡’‚ª·∑ ‡´’¬¡‡ªÕ√å´—≈‡øµ‡ªìπ “√‡√‘Ë¡ªØ‘°‘√‘¬“
(initiator) ·≈–„™â°√¥·Õ §Õ√å∫‘°∑”Àπâ“∑’Ë‡ªìπ “√°√–µÿâπ
ªØ‘°‘√‘¬“ (activator) ‚¥¬Õâ“ßÕ‘ß®“°°“√»÷°…“¢Õß Stav
·≈–§≥–11 ´÷Ëß‰¥â„™âÕ–§√‘≈“‰¡¥å „π°“√ª√—∫ª√ÿß§ÿ≥¿“æ
‡™àπ°—π ‚¥¬‰¥â∑”°“√∑¥ Õ∫‡©æ“–§ÿ≥ ¡∫—µ‘¢Õß°”≈—ß·√ßÕ—¥
°“√∑¥≈Õß¢Õß Stav ·≈–§≥–10 ‰¥â„™â‚ª·∑ ‡´’¬¡‡ªÕ√å
´—≈‡øµ‡ªìπ “√‡√‘Ë¡ªØ‘°‘√‘¬“ ·≈–„™â‚´‡¥’¬¡‰∫´—≈‰øµå (sodium
bisulfite) ‡ªìπ “√°√–µÿâπªØ‘°‘√‘¬“ ·µà„π°“√»÷°…“§√—Èßπ’È‰¥â
‡ª≈’Ë¬π “√°√–µÿâπªØ‘°‘√‘¬“ ‡ªìπ°√¥·Õ §Õ√å∫‘°·∑π ‡π◊ËÕß®“°
≈–≈“¬πÈ”  “¡“√∂À“‰¥âßà“¬ ·≈–¡’√“§“∂Ÿ°°«à“ ¥—ßπ—Èπ„π
°“√∑¥≈Õßπ’È®÷ß‰¥â∑”°“√»÷°…“∂÷ßª√‘¡“≥¢Õß°√¥·Õ §Õ√å∫‘°
∑’Ë·µ°µà“ß°—π∑’Ë¡’º≈µàÕ°”≈—ß·√ßÕ—¥ ‡«≈“·¢Áßµ—« ·≈–°“√
¢¬“¬¢≥–·¢Áßµ—«¢Õß¬‘ª´—¡

°≈‰°°“√‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ√å¢ÕßÕ–§√‘≈“‰¡¥å¡’¥—ßπ’È
°“√‡√‘Ë¡µâπ¢ÕßªØ‘°‘√‘¬“®–‡°‘¥®“° “√‡√‘Ë¡ªØ‘°‘√‘¬“ (‚ª·∑ ‡´’¬¡
‡ªÕ√å´—≈‡øµ) ∑”ªØ‘°‘√‘¬“°—∫ “√°√–µÿâπªØ‘°‘√‘¬“ (°√¥
·Õ §Õ√å∫‘°) ®–‰¥â‡ªìπÕπÿ¡Ÿ≈Õ‘ √– (free radical) ¥—ß ¡°“√∑’Ë
(1)-(3) „π√Ÿª∑’Ë 1 ´÷ËßÕπÿ¡Ÿ≈Õ‘ √–∑’Ë‡°‘¥¢÷Èππ—Èπ®–ª√–°Õ∫‰ª
¥â«¬´—≈‡øµ·√¥‘§—≈‰ÕÕÕπ (sulfate radical ion; SO4

-.)
‰Œ¥√Õ°´‘≈·√¥‘§—≈ (hydroxyl radical; OH.) ·≈–·Õ -
§Õ‡∫µ·√¥‘§—≈ (ascorbate; AH.) µ“¡≈”¥—∫ ·≈–Õπÿ¡Ÿ≈
Õ‘ √–®–∑”ªØ‘°‘√‘¬“°—∫¡ÕπÕ‡¡Õ√å (Õ–§√‘≈“‰¡¥å) °≈“¬‡ªìπ
¡ÕπÕ‡¡Õ√å∑’Ë¡’Õπÿ¡Ÿ≈Õ‘ √– ́ ÷Ëß®–‰ª∑”ªØ‘°‘√‘¬“°—∫¡ÕπÕ‡¡Õ√å
µ—«Õ◊Ëπ‰ª‡√◊ËÕ¬Ê °≈“¬‡ªìπ “¬‚´à‚¡‡≈°ÿ≈∑’Ë¡’§«“¡¬“«¡“°¢÷Èπ
·≈–°“√ ‘Èπ ÿ¥¢ÕßªØ‘°‘√‘¬“Õ“®‡°‘¥¢÷Èπ‰¥â∑—Èß„π≈—°…≥–¢Õß
°“√ ‘Èπ ÿ¥ªØ‘°‘√‘¬“·∫∫√«¡µ—«À√◊Õ®—∫§Ÿà (combination or
coupling) À√◊Õ°“√ ‘Èπ ÿ¥ªØ‘°‘√‘¬“·∫∫¥‘ æ√ÕæÕ√å™—π‡π™—π
(disproportionation)9,10 ®“°º≈°“√»÷°…“æ∫«à“ ∑’Ë√–¬–‡«≈“

S2O8
2-  →  2 SO4

.- (1)

SO4
.- + H2O  →  SO4

- + .OH + H+ (2)
.OH + AH-  →  

.AH + OH- (3)
.AH + S2O8

2-  →  A + SO4
2- + SO4

.-  + H+ (4)
.AH + .OH  →  A + OH- + H+ (5)

A + H2O
.AH + SO4

.-   →  SO4
2- + H+ + A (6)

Initiation R. + M (monomer)  →  RM. (7)

Propagation RM + nM  →  RMn+1 (8)

Termination : Combination/Coupling

: Disproportionation

¿“æ∑’Ë 1 °≈‰°°“√‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ√å‚¥¬¡’‚ª·∑ ‡´’¬¡‡ªÕ√å´—≈‡øµ‡ªìπµ—«‡√‘Ë¡µâπªØ‘°‘√‘¬“ ·≈–°√¥·Õ §Õ√å∫‘°‡ªìπ “√
°√–µÿâπ°“√‡°‘¥ªØ‘°‘√‘¬“

Fig. 1 The mechanism of polymerization reaction using potassium persulfate as an initiator and ascorbic acid as
an activator.
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1 24 ·≈– 48 ™—Ë«‚¡ß „π°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘° 0.026 ‚¡≈“√å
®–„Àâ§à“°”≈—ß·√ßÕ—¥°—∫™‘Èπß“π¡“°∑’Ë ÿ¥ ‚¥¬∑’Ë√–¬–‡«≈“ 1
·≈– 24 ™—Ë«‚¡ß ®–„Àâ§à“°”≈—ß·√ßÕ—¥¡“°°«à“°≈ÿà¡§«∫§ÿ¡
Õ¬à“ß¡’π—¬ ”§—≠ · ¥ß„Àâ‡ÀÁπ«à“°√¥·Õ §Õ√å∫‘° 0.026 ‚¡≈“√å
‡ªìπª√‘¡“≥∑’Ë‡À¡“– ¡∑’Ë ÿ¥„π°“√°√–µÿâπ°“√‡°‘¥ªØ‘°‘√‘¬“
°—∫‚ª·∑ ‡´’¬¡‡ªÕ√ǻ —≈‡øµ ‡æ◊ËÕ„Àâ‰¥âÕπÿ¡Ÿ≈Õ‘ √–∑’ËæÕ‡À¡“–
µàÕ°“√‡°‘¥ªØ‘°‘√‘¬“°—∫¡ÕπÕ‡¡Õ√å¢ÕßÕ–§√‘≈“‰¡¥å ´÷Ëß§‘¥
‡ªìπÕ—µ√“ à«π‚¡≈“√å¥—ßπ’È§◊Õ Õ–§√‘≈“‰¡¥å : ‚ª·∑ ‡´’¬¡
‡ªÕ√ǻ —≈‡øµ : °√¥·Õ §Õ√å∫‘° ‡∑à“°—∫ 1.675 : 0.005 : 0.026
°√≥’∑’Ë„™â°√¥·Õ §Õ√å∫‘°À√◊Õ “√‡√‘Ë¡ªØ‘°‘√‘¬“∑’ËπâÕ¬°«à“ 0.026
‚¡≈“√å „Àâ§à“°”≈—ß·√ßÕ—¥∑’ËπâÕ¬°«à“ À√◊Õ‰¡à·µ°µà“ß°—∫°≈ÿà¡
§«∫§ÿ¡„π™à«ß‡«≈“ 24 ·≈– 48 ™—Ë«‚¡ß Õ“®‡π◊ËÕß¡“®“°ª√‘¡“≥
¢Õß “√‡√‘Ë¡ªØ‘°‘√‘¬“¡’πâÕ¬‡°‘π‰ª ®÷ß àßº≈„Àâ‡°‘¥Õπÿ¡Ÿ≈
Õ‘ √–„πª√‘¡“≥∑’ËπâÕ¬‡°‘π°«à“∑’Ë®–∑”ªØ‘°‘√‘¬“°“√‡°‘¥æÕ≈‘‡¡Õ√å
∑’Ë‡À¡“– ¡‰¥â ·≈–Õ“®¡’ª√‘¡“≥¢Õß‚ª·∑ ‡´’¬¡‡ªÕ√ǻ —≈‡øµ
·≈–Õ–§√‘≈“‰¡¥åÀ≈ß‡À≈◊ÕÕ¬Ÿà®”π«π¡“° ´÷ËßÕ“®‡ªìπµ—«¢—¥
¢«“ßµàÕ°“√‡™◊ËÕ¡¬÷¥°—π¢Õßº≈÷°¬‘ª´—¡‰¥â À√◊Õ„π°√≥’∑’Ë„™â
ª√‘¡“≥°√¥·Õ §Õ√å∫‘°∑’Ë¡“°°«à“ 0.026 ‚¡≈“√å ®–„Àâ§à“°”≈—ß
·√ßÕ—¥πâÕ¬°«à“À√◊Õ‰¡à·µ°µà“ß®“°°≈ÿà¡§«∫§ÿ¡ Õ“®‡π◊ËÕß
¡“®“°°“√∑’Ë¡’°√¥·Õ §Õ√å∫‘°∑’Ë‡À≈◊Õ®“°°“√‡°‘¥ªØ‘°‘√‘¬“
°—∫‚ª·∑ ‡´’¬¡‡ªÕ√å´—≈‡øµ ·≈–Õ“®∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“¬âÕπ
°≈—∫„π°“√‡°‘¥Õπÿ¡Ÿ≈Õ‘ √–∑’Ë®–‰ª∑”ªØ‘°‘√‘¬“°—∫Õ–§√‘≈“‰¡¥å
®÷ß àßº≈„Àâ¡’ “√µ°§â“ß∑’Ë‰¡à‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ√å ´÷ËßÕ“®
‡ªìπµ—«¢—¥¢«“ß°“√‡™◊ËÕ¡¬÷¥¢Õßº≈÷°¬‘ª´—¡‰¥â‡™àπ°—π ®“°√Ÿª∑’Ë 1
· ¥ß°≈‰°°“√‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ√å‚¥¬¡’‚ª·∑ ‡´’¬¡
‡ªÕ√å´—≈‡øµ‡ªìπ “√‡√‘Ë¡ªØ‘°‘√‘¬“ ·≈–°√¥·Õ §Õ√å∫‘°‡ªìπ
 “√°√–µÿâπªØ‘°‘√‘¬“ ®“° ¡°“√∑’Ë (1)-(3) ®–· ¥ß„Àâ‡ÀÁπ∂÷ß
¢—ÈπµÕπ¢Õß°“√‡°‘¥Õπÿ¡Ÿ≈Õ‘ √– ́ ÷Ëß∂â“„™âª√‘¡“≥§«“¡‡¢â¡¢âπ
¢Õß°√¥·Õ §Õ√å∫‘°∑’Ë¡“°‡°‘π‰ª®–∑”„Àâ‡°‘¥°“√ √â“ß´—≈‡øµ
‰ÕÕÕπ‡æ‘Ë¡¡“°¢÷Èπ¥—ß‡ÀÁπ‰¥â®“° ¡°“√∑’Ë (4) ´÷Ëß‡¡◊ËÕ°√¥
·Õ §Õ√å∫‘°∑”ªØ‘°‘√‘¬“°—∫πÈ”®–‰¥â·Õ §Õ‡∫∑‡√¥‘§—≈ (AH.)
´÷Ëß “¡“√∂∑”ªØ‘°‘√‘¬“°—∫‡ªÕ√å´—≈‡øµ ‰ÕÕÕπ (S2O8

-) ®÷ß
∑”„Àâ‡°‘¥Õπÿ¡Ÿ≈Õ‘ √–®”π«π≈¥≈ß ´÷Ëß°Á§◊Õ®–‰¥âÕπÿ¡Ÿ≈Õ‘ √–
‡æ’¬ß 1 µ—« ·µà∂â“°√¥·Õ §Õ√å∫‘°‡°‘¥ªØ‘°‘√‘¬“√à«¡°—∫‡ªÕ√å
´—≈‡øµ (S2O8

-) ¥—ß ¡°“√∑’Ë (1)-(3) ®–‰¥âÕπÿ¡Ÿ≈Õ‘ √–
3 µ—« ¥—ßπ—Èπ®–‡ÀÁπ‰¥â«à“À“°„™âª√‘¡“≥§«“¡‡¢â¡¢âπ¢Õß°√¥
·Õ §Õ√å∫‘°∑’Ë¡“°‡°‘π‰ª®–∑”„Àâ‡°‘¥Õπÿ¡Ÿ≈Õ‘ √–≈¥≈ß´÷Ëß àßº≈
„Àâ°“√‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ√å≈¥≈ßµ“¡‰ª¥â«¬11,15,16 ¥—ßπ—Èπ
‡¡◊ËÕª√–‡¡‘π®“°§à“°”≈—ß·√ßÕ—¥∑’Ë√–¬–‡«≈“µà“ßÊ „π°≈ÿà¡∑’Ë„ à
°√¥·Õ §Õ√å∫‘° 0.026 ‚¡≈“√å πà“®–‡ªìπª√‘¡“≥∑’Ë‡À¡“– ¡

„π°“√‡°‘¥ªØ‘°‘√‘¬“¡“°∑’Ë ÿ¥„π°“√™à«¬‡æ‘Ë¡°”≈—ß·√ßÕ—¥„Àâ
°—∫™‘Èπß“π¬‘ª´—¡‰¥â

°“√∑”Àπâ“∑’Ë¢ÕßæÕ≈‘Õ–§√‘≈“‰¡¥å„π°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ
¢Õß™‘Èπß“π¬‘ª´—¡πà“®–‡°‘¥®“°Õ–§√‘≈“‰¡¥å¡’°≈ÿà¡¢Õß‡Õ¡“¬¥å
∑’Ë¡’§«“¡‡ªìπ¢—È« (polarity) ‚¥¬ à«π¢Õß‰π‚µ√‡®π®–¡’Õ‘‡≈Á°µ√Õπ
«ßπÕ°∑’Ë‡À≈◊ÕÕ¬Ÿà (coordinating site) ́ ÷Ëß “¡“√∂„™âÕ‘‡≈Á°µ√Õπ
‡À≈à“π’È√à«¡°—∫·§≈‡´’¬¡∑’Ë‡ªìπ∏“µÿ‚≈À–‰¥â ®÷ß∑”„Àâ‡°‘¥°“√
‡™◊ËÕ¡‚¡‡≈°ÿ≈‡¢â“°—∫º≈÷°¬‘ª´—¡8 ·≈–¢≥–∑’Ë¬‘ª´—¡¡’°“√·¢Áßµ—«
®–¡’πÈ”À≈ß‡À≈◊ÕÕ¬Ÿà√–À«à“ßº≈÷°¬‘ª´—¡·≈â«§àÕ¬Ê √–‡À¬‰ª
°≈“¬‡ªìπ™àÕß«à“ß®”π«π¡“°¿“¬„π™‘Èπß“π¬‘ª´—¡ „π°“√„™â
Õ–§√‘≈“‰¡¥å‡ªìπ à«πº ¡ ´÷ËßÕ–§√‘≈“‰¡¥å¡’ ¡∫—µ‘„π°“√
≈–≈“¬πÈ”‰¥âßà“¬°Áπà“®–‰ª·∑√°Õ¬Ÿà√–À«à“ßº≈÷°¬‘ª´—¡ ´÷Ëß
‡¡◊ËÕ‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ√å ¡∫Ÿ√≥å·≈â« ®–‡ªìπµ—«™à«¬·∑√°
„π™àÕß«à“ß‡À≈à“π—Èπ·∑π„π≈—°…≥–°“√ – ¡¢Õß«—Ø¿“§¢Õß
 ‡¡’¬√å (smear phase) πÕ°®“°π’È  à«π¢ÕßæÕ≈‘‡¡Õ√å∑’ËÕ¬Ÿà
√Õ∫º≈÷°¬‘ª´—¡®–™à«¬„π°“√‡ √‘¡·√ß∫√‘‡«≥√Õ¬µàÕ¢Õßº≈÷°
®÷ß àßº≈„Àâ¬‘ª´—¡¡’°”≈—ß·√ßÕ—¥‡æ‘Ë¡¡“°¢÷Èπ10

°“√»÷°…“„π·ßà¢Õß‡«≈“°“√·¢Áßµ—« æ∫«à“„π°≈ÿà¡°“√
∑¥≈Õß‚¥¬¡“°®–„™â‡«≈“°“√·¢Áßµ—«∑’Ë —Èπ≈ß ´÷ËßÕ“®‡ªìπº≈
‡π◊ËÕß¡“®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ√å¢ÕßÕ–§√‘≈“‰¡¥å ∑”„Àâ¡’
§«“¡√âÕπ‡°‘¥¢÷Èπ ®÷ß‡√àß°“√·¢Áßµ—«¢Õßº≈÷°¬‘ª´—¡‰¥â√«¥‡√Á«¢÷Èπ

°“√»÷°…“„π·ßà¢Õß°“√¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—«
‚¥¬ª°µ‘·≈â«√–À«à“ß°“√·¢Áßµ—«¢Õß¬‘ª´—¡®–æ∫«à“¡’°“√
¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—«‡°‘¥¢÷ÈπÕ—π‡π◊ËÕß¡“®“°ªØ‘°‘√‘¬“
¢≥–∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß ®“° “√ª√–°Õ∫‡Œ¡‘‰Œ‡¥√µ‰ª
‡ªìπ “√ª√–°Õ∫‰¥‰Œ‡¥√µ ´÷Ëßª√“°Ø°“√≥åπ’È®–‡°‘¥®“°
°√–∫«π°“√°“√‡°‘¥º≈÷° ‚¥¬‡¡◊ËÕº≈÷°¢Õß “√ª√–°Õ∫
‰¥‰Œ‡¥√µ¡’°“√¢¬“¬µ—«¢÷Èπ ·≈–¢—¥¢«“ß°—π‡Õß°—∫º≈÷°„°≈â
‡§’¬ß∑”„Àâ‡°‘¥·√ßº≈—°¥—π°—π ·≈–‡°‘¥°“√¢¬“¬µ—«¢Õß¡«≈
∑—ÈßÀ¡¥¢÷Èπ ®“°°“√»÷°…“„π§√—Èßπ’Èæ∫«à“„π∑ÿ°°≈ÿà¡°“√∑¥≈Õß
®–„Àâ§à“°“√¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—«πâÕ¬°«à“„π°≈ÿà¡§«∫§ÿ¡
´÷ËßÕ“®‡ªìπº≈‡π◊ËÕß¡“®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ√å¢ÕßÕ–§√‘≈“‰¡¥å
®–∑”„Àâ‡°‘¥°“√À¥µ—«8,9° àßº≈µàÕ°“√À¥µ—«‚¥¬√«¡¢Õß™‘Èπß“π
¬‘ª´—¡ ®÷ß∑”„Àâ°“√¢¬“¬µ—«‡π◊ËÕß®“°°“√·¢Áßµ—«¢Õß¬‘ª´—¡≈¥≈ß

 √ÿª

®“°º≈°“√∑¥≈Õß‡æ◊ËÕÀ“ª√‘¡“≥°√¥·Õ §Õ√å∫‘°∑’Ë
‡À¡“– ¡„π°“√‡√‘Ë¡µâπ°“√‡°‘¥ªØ‘°‘√‘¬“¢ÕßÕ–§√‘≈“‰¡¥å æ∫
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«à“°≈ÿà¡°“√∑¥≈Õß∑’Ë„™â°√¥·Õ §Õ√å∫‘° 0.026 ‚¡≈“√å ¡’
°”≈—ß·√ßÕ—¥¡“°∑’Ë ÿ¥ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫∑ÿ°°≈ÿà¡∑—Èß™à«ß
√–¬–‡«≈“ 1 24 ·≈– 48 ™—Ë«‚¡ß ‚¥¬°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘°
0.026 ‚¡≈“√å ∑”„Àâ§à“°”≈—ß·√ßÕ—¥¡“°°«à“°≈ÿà¡§«∫§ÿ¡∑’Ë
™à«ß‡«≈“ 1 ·≈– 24 ™—Ë«‚¡ß Õ¬à“ß¡’π—¬ ”§—≠∑’Ë√–¥—∫§«“¡
‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 ·≈–®“°º≈°“√∑¥ Õ∫√–¬–‡«≈“°“√°àÕµ—«
æ∫«à“°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘° 0.026 ‚¡≈“√å „™â‡«≈“·¢Áßµ—«
 —Èπ°«à“°≈ÿà¡§«∫§ÿ¡ πÕ°®“°π’È®“°º≈°“√∑¥ Õ∫°“√¢¬“¬µ—«
‡π◊ËÕß®“°°“√·¢Áßµ—«‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫‚¥¬∑“ßµ√√°–·≈â«°Áæ∫«à“
°≈ÿà¡∑’Ë„ à°√¥·Õ §Õ√å∫‘° 0.026 ‚¡≈“√å ¡’§à“°“√¢¬“¬µ—«‡π◊ËÕß®“°
°“√·¢Áßµ—«πâÕ¬°«à“°≈ÿà¡§«∫§ÿ¡ ¥—ßπ—Èπ®“°°“√∑¥≈Õß®÷ß √ÿª
‰¥â«à“ª√‘¡“≥°√¥·Õ §Õ√å∫‘°∑’Ë‡À¡“– ¡§◊Õ 0.026 ‚¡≈“√å

°‘µµ‘°√√¡ª√–°“»

°“√«‘®—¬π’È‰¥â√—∫‡ß‘π π—∫ πÿπ®“°∫—≥±‘µ«‘∑¬“≈—¬ ®ÿÃ“-
≈ß°√≥å¡À“«‘∑¬“≈—¬ ¢Õ¢Õ∫§ÿ≥‡®â“Àπâ“∑’Ë»Ÿπ¬å«‘®—¬∑—πµ
«— ¥ÿ»“ µ√å §≥–∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
∑’Ë™à«¬‡À≈◊Õ„π°“√∑”«‘®—¬ ·≈–¢Õ¢Õ∫§ÿ≥ ∫√‘…—∑ ≈“ø“√å®-
‡æ√ ‡∑’¬ ®”°—¥ ∑’Ë‡Õ◊ÈÕ‡øóôÕº≈‘µ¿—≥±å¬‘ª´—¡‡æ◊ËÕ„™â„πß“π«‘®—¬
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Abstracts

Objective To study the effect of ascorbic acid (AA) on compressive strength, setting time and
setting expansion of an experimental polyacrylamide-modified type IV gypsum.

Materials and methods The experimental type IV gypsum powder was composed of 97.5% a
commercial type IV gypsum and 2.5% acrylamide. There were a control group (commercial type IV
gypsum) and 5 experimental groups which contained constant potassium persulfate initiator (0.005 M),
and various amounts of AA activator, including 0.005, 0.013, 0.026, 0.052 and 0.105 M. Compressive
strength test was performed by preparing 15 cylindrical specimens of each group with 10 mm in
diameter, and 20 mm in height. The compressive strength of 5 specimens were measured by UTM
(Instron 8872) at a crosshead speed of 1 mm/min at 1, 24, and 48 hours after mixing. The data were
analyzed with One-way ANOVA and Bonferroni statistic method at the 95% confidence level.
Setting time test was performed by using Vicat needle apparatus for 5 specimens per group, the data
were analyzed with Chi-square with Monte Carlo approach at the 95% confidence level. The
Extensometer was utilized for the setting expansion test for 5 specimens per group. The changes of
the length were determined at 120 min after the start of mixing. The setting expansion was calculated
in percentages of the original length, and then the data were analyzed with the Independent-Samples
T test and One Sample T test at the 95% confidence level.

Results The 0.026 M AA group had the highest average compressive strength in each time interval of
testing. However, this group exhibited significant higher compressive strength at 1 and 24 hours than
the control group (p < 0.05). In addition, the 0.026 M AA group showed less setting time than the
control group (p < 0.05). Although in the setting expansion testing, this group did not show significant
difference from the control group, its mean expansion value was lowest among other groups.

Conclusion Within the limitations of this study to improve the quality of type IV gypsum material,
adding 0.026 M AA is the most suitable method to activate the polymerization reaction.

(CU Dent J. 2010;33:197-206)
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