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Abstract
Yudee, A.1, Sopadang, A.2, Wirojanupatump, S.3 and Jiansirisomboon, S.1

Aluminium-12wt% silicon coating prepared by thermal spraying technique:

Part 2 microstructure and properties
Songklanakarin J. Sci. Technol., 2006, 28(2) : 441-448

At present, thermal spray technology has been widely used as an alternative method for wear protect-

ion in materials by applying coated layer on an original worn surface. This research studied the thermal

sprayed  Al-12wt%Si  coating  prepared  by  flame  spray  technique.  This  material  has  been  known  as  a

candidate for wear resistance in particularly an automobile industry. In this research, the most suitable

spraying condition had been achieved by a design of experiment which was 38 ft3/hr (1.026 m3/hr) of oxygen

flow rate, 27 ft3/hr (0.729 m3/hr) of acetylene flow rate and 58 mm of spray distance. The as-sprayed coating

had a hardness of 87.0±8.3 HV, thickness of 236.7±20.5 µµµµµm, percentage volume fraction of porosity of 14.99±

1.63 and wear rate of 1.108x10-3 ± 0.001 mm3/m. Microstructure of the coating was also investigated.
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„πªí®®ÿ∫—π‰¥â¡’°“√π”‡∑§‚π‚≈¬’°“√æàπ‡§≈◊Õ∫¥â«¬§«“¡√âÕπ ´÷Ëß‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß„π°“√ªÑÕß°—π°“√ ÷°À√Õ

¢Õß«— ¥ÿ¡“„™â„π°“√·°âªí≠À“Õ¬à“ß·æ√àÀ≈“¬ ‚¥¬°“√ √â“ß "™—Èπ‡§≈◊Õ∫∫πº‘«‡¥‘¡" ¢Õß™‘Èπß“π∑’Ë ÷°À√Õ ß“π«‘®—¬π’È

»÷°…“º‘«‡§≈◊Õ∫Õ–≈Ÿ¡‘‡π’¬¡-12% ‚¥¬πÈ”Àπ—°´‘≈‘°Õπ∑’Ë‡µ√’¬¡‚¥¬‡∑§π‘§°“√æàπ·∫∫‡ª≈«‰ø ´÷Ëß‡ªìπ∑’Ë∑√“∫°—π¥’«à“

«— ¥ÿπ’È “¡“√∂„™âµâ“π∑“π°“√ ÷°À√Õ‰¥â¥’‚¥¬‡©æ“–„πÕÿµ “À°√√¡°“√º≈‘µ¬“π¬πµå „πß“π«‘®—¬π’È„™â‡ß◊ËÕπ‰¢°“√æàπ

‡§≈◊Õ∫¥â«¬§«“¡√âÕπ∑’Ë‡À¡“– ¡∑’Ë ÿ¥∑’ËÀ“‰¥â®“°°“√ÕÕ°·∫∫°“√∑¥≈Õß  π—Ëπ§◊Õ  Õ—µ√“°“√‰À≈¢ÕßÕÕ°´‘‡®π 38

≈∫.øÿµ/™—Ë«‚¡ß (1.026 ≈∫.‡¡µ√/™—Ë«‚¡ß) Õ—µ√“°“√‰À≈¢Õß°ä“´Õ–‡´∑‘≈’π 27 ≈∫.øÿµ/™—Ë«‚¡ß (0.729 ≈∫.‡¡µ√/™—Ë«‚¡ß)

·≈–√–¬–Àà“ß„π°“√æàπ 58 ¡¡. ‚¥¬º‘«‡§≈◊Õ∫∑’Ë‰¥â¡’§«“¡·¢Áß‡∑à“°—∫ 87.0+8.3 HV §«“¡Àπ“‡∑à“°—∫ 236.7+20.5

‰¡§√Õπ √âÕ¬≈–√Ÿæ√ÿπ¢Õßº‘«‡§≈◊Õ∫‡∑à“°—∫ 14.99+1.63 ·≈–Õ—µ√“°“√ ÷°À√Õ‡∑à“°—∫ 1.108x10
-3
 + 0.001 ≈∫.¡¡./‡¡µ√

πÕ°®“°π’È¬—ß‰¥â∑”°“√µ√«® Õ∫‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õßº‘«‡§≈◊Õ∫∑’Ë‰¥â®“°°“√æàπ‡§≈◊Õ∫¥â«¬‡ß◊ËÕπ‰¢¥—ß°≈à“«

„πÕÿµ “À°√√¡µà“ßÊ π—Èπ µâπ∑ÿπ°“√º≈‘µ∑’ËµË”‡ªìπ
 ‘Ëß∑’ËµâÕß°“√‡ªìπÕ¬à“ß¬‘Ëß ‰¡à«à“®–‡ªìπµâπ∑ÿπ°“√º≈‘µ∑’Ë‡ªìπ
„π√Ÿª¢Õß¡Ÿ≈§à“À√◊Õ‡«≈“ ¥—ßπ—ÈπºŸâ∑’Ë‡°’Ë¬«¢âÕß„π¢—ÈπµÕπ°“√
º≈‘µµà“ß¡—°®–À“«‘∏’°“√∑’Ë®–≈¥µâπ∑ÿπ‡À≈à“π—Èπ‡æ◊ËÕ„Àâ‡°‘¥
º≈°”‰√¡“°∑’Ë ÿ¥‡∑à“∑’Ë∑”‰¥â ´÷Ëßªí≠À“∑’Ë‡°‘¥¢÷Èπ„π¢—ÈπµÕπ
°“√º≈‘µπ—Èπ°Á‡ªìπ ‘ËßÀπ÷Ëß∑’Ëπ”‰ª Ÿà°“√ √â“ßµâπ∑ÿπ„π°“√
º≈‘µ∑’Ë Ÿß¢÷Èπ ªí≠À“ ”§—≠Õ¬à“ßÀπ÷Ëß∑’Ëæ∫„πÕÿµ “À°√√¡
®–‡°’Ë¬«¢âÕß°—∫°“√∑’Ë™‘Èπß“πÀ√◊Õ™‘Èπ à«π¢Õß‡§√◊ËÕß®—°√π—Èπ
‡°‘¥°“√‡ ’¬À“¬¢÷Èπ ¥—ßπ—Èπ‡¡◊ËÕ¡’°“√§‘¥§âπ‡∑§π‘§‡æ◊ËÕ∑’Ë®–
™à«¬∑”„Àâ≈¥µâπ∑ÿπ‡À≈à“π’È≈ß‰¥â  ®÷ß‰¥â√—∫°“√ π„®∑’Ë®–
»÷°…“·≈–æ—≤π“‡æ◊ËÕπ”¡“ª√–¬ÿ°µå„™â„πß“πÕÿµ “À°√√¡
‡∑§π‘§∑’Ë‰¥â√—∫§«“¡ π„®„π°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√
∑”ß“π¢Õß™‘Èπß“π ‡æ◊ËÕ‡ªìπ°“√¬◊¥Õ“¬ÿ°“√„™âß“πÕ¬à“ßÀπ÷Ëß
§◊Õ °“√æàπ‡§≈◊Õ∫¥â«¬§«“¡√âÕπ (thermal spray) (Priit

and Sergei 2000; Malcolm and Vinod, 2001; Rosso

et al., 2001)

°√–∫«π°“√À≈—°¢Õß‡∑§π‘§°“√æàπ‡§≈◊Õ∫¥â«¬
§«“¡√âÕπ §◊Õ °“√æàπ«— ¥ÿ∑’ËÀ≈Õ¡‡À≈«„Àâ«‘Ëß‰ª°√–∑∫
·≈–ª√– “π‡¢â“°—∫º‘«¢Õß™‘Èπß“π (substrate) ‚¥¬«— ¥ÿ∑’Ë
„™âæàπ®–∂Ÿ°∑”„ÀâÀ≈Õ¡‡À≈«‰¥â¥â«¬·À≈àß§«“¡√âÕπÀ≈“¬
·À≈àß  ‡™àπ  ®“°°“√‡º“‰À¡â (combustion)  æ≈“ ¡“
(plasma)  °“√Õ“√å§¥â«¬°√–· ‰øøÑ“ (electrical arc)

«— ¥ÿ∑’Ë„™âÕ“®®–Õ¬Ÿà„π√Ÿª¢ÕßºßÀ√◊Õ‡ âπ≈«¥  ‡¡◊ËÕ«— ¥ÿ∂Ÿ°
À≈Õ¡ (melt) ®–∂Ÿ°‡√àß (accelerate) ¥â«¬Õ“°“»Õ—¥„Àâ«‘Ëß
‰ª°√–∑∫ (impact) º‘«™‘Èπß“π¥â«¬§«“¡‡√Á« Ÿß ∑”„Àâ‡°‘¥
°“√Ωíßµ—«·≈–·¢Áßµ—«Õ¬à“ß√«¥‡√Á« (rapid solidification)

™—Èπº‘«‡§≈◊Õ∫∑’Ë‰¥â®÷ß¡’‚§√ß √â“ß∑’Ë¡’§«“¡≈–‡Õ’¬¥∂÷ß√–¥—∫
‰¡‚§√‡¡µ√ ‚¥¬∑’Ëº‘«‡§≈◊Õ∫·≈–™‘Èπß“π®–¬÷¥‡°“–°—π¥â«¬
æ—π∏–∑“ß°≈·∫∫‡°“–‡°’Ë¬«°—π (mechanical interlocking)

‡ªìπÀ≈—° (Tucker, 1997; ªπ—¥¥“, 2544) ‚¥¬≈—°…≥–
°“√‡°‘¥‡ªìπ™—Èπ¢Õßº‘«‡§≈◊Õ∫· ¥ß¥—ß Figure 1

 ”À√—∫°“√æàπ‡§≈◊Õ∫¥â«¬§«“¡√âÕππ—Èπ ®– “¡“√∂
·∫àß‰¥â‡ªìπÀ≈“¬‡∑§π‘§¢÷ÈπÕ¬Ÿà°—∫·À≈àß°”‡π‘¥§«“¡√âÕπ
¥—ß∑’Ë°≈à“«¡“·≈â«¢â“ßµâπ  ”À√—∫ß“π«‘®—¬π’È®–‡≈◊Õ°„™â°“√
æàπ·∫∫‡ª≈«‰ø (combustion flame spray) ÷́Ëß‡ªìπ
«‘«—≤π“°“√‡√‘Ë¡·√° ÿ¥¢Õß°“√æàπ‡§≈◊Õ∫¥â«¬§«“¡√âÕπ
‚¥¬Õ“»—¬·À≈àß§«“¡√âÕπ®“°°“√‡º“‰À¡â√–À«à“ß°ä“´‡™◊ÈÕ
‡æ≈‘ß°—∫ÕÕ°´‘‡®π ´÷Ëß°ä“´‡™◊ÈÕ‡æ≈‘ß∑’Ë„™â¡’À≈“¬™π‘¥ ‰¥â·°à
Õ–‡´∑‘≈’π ‚æ√‡æπ ‡¡∑‘≈Õ–‡´∑‘≈’π-‚æ√æ“‰¥Õ’π ·≈–
‰Œ‚¥√‡®π ‚¥¬∑’Ë™π‘¥·≈–Õ—µ√“ à«π¢Õß°ä“´‡™◊ÈÕ‡æ≈‘ß°—∫
ÕÕ°´‘‡®ππ’È‡Õß®–‡ªìπµ—«°”Àπ¥Õÿ≥À¿Ÿ¡‘ (´÷Ëß®–Õ¬Ÿà„π™à«ß
2000-3000ºC)  ·≈–≈—°…≥–¢Õß‡ª≈«‰ø  °“√æàπ·∫∫
‡ª≈«‰ø‡ªìπ‡∑§π‘§∑’Ë¡’µâπ∑ÿπµË”  „™âß“πßà“¬  ‰¥âÕ—µ√“°“√
‡§≈◊Õ∫·≈–ª√– ‘∑∏‘¿“æ°“√‡§≈◊Õ∫ Ÿß  „™âæàπ«— ¥ÿ∑’Ë¡’®ÿ¥
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À≈Õ¡‡À≈«‰¡à Ÿß¡“°π—°ª√–‡¿∑‚≈À–·≈–‚≈À–º ¡ ‡™àπ
Al, Mo, Cu, Zn ·≈– Ni-base ‡ªìπµâπ ‚¥¬¡’≈—°…≥–
°“√æàπ‡§≈◊Õ∫¥—ß· ¥ß„π Figure 2 (Tucker, 1997)

‚≈À–º ¡Õ–≈Ÿ¡‘‡π’¬¡-12% ‚¥¬πÈ”Àπ—°´‘≈‘°Õπ
(Al-12wt%Si) π—Èπ‰¥â¡’°“√º≈‘µ‡ªìπº‘«‡§≈◊Õ∫¥â«¬‡∑§π‘§
°“√æàπ‡§≈◊Õ∫¥â«¬§«“¡√âÕπ·≈–∂Ÿ°π”‰ªª√–¬ÿ°µå„™âß“π
Õ¬à“ß·æ√àÀ≈“¬ ‡π◊ËÕß®“°‚≈À–º ¡ Al-12wt%Si π—Èπ
‡ªìπ«— ¥ÿ∑’Ë„™â°—πÕ¬à“ß¡“°„πÕÿµ “À°√√¡°“√º≈‘µ™‘Èπ à«π
¢Õß¬“πæ“Àπ–µà“ßÊ ∑—Èß°“√º≈‘µ√∂¬πµå ‡§√◊ËÕß∫‘π ·≈–
¬“πÕ«°“» ‚≈À–º ¡™π‘¥π’È¡’ ¡∫—µ‘∑’Ë¡’§«“¡Àπ“·πàπµË”
πÈ”Àπ—°‡∫“ ·µà¡’§«“¡ “¡“√∂„π°“√µâ“π°“√ ÷°À√Õ·≈–
°“√°—¥°√àÕπ Ÿß (Davis, 1993) ´÷Ëß®—¥‰¥â«à“‡ªìπ«— ¥ÿ∑’Ë¡’
§«“¡ ”§—≠Õ¬à“ß¬‘ËßµàÕÕÿµ “À°√√¡„πªí®®ÿ∫—π ¥—ßπ—Èπ°“√
∑√“∫‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡„π°“√æàπºß Al-12wt%Si ¥â«¬
‡∑§π‘§°“√æàπ‡§≈◊Õ∫·∫∫‡ª≈«‰ø ‡æ◊ËÕ„Àâ‰¥âº‘«‡§≈◊Õ∫∑’Ë¡’
§ÿ≥¿“æ¥’·≈– “¡“√∂ª°ªÑÕß™‘Èπ à«πÕÿµ “À°√√¡®“°

ªí≠À“µà“ßÊ ‚¥¬‡©æ“–°“√ ÷°À√Õ‰¥â®÷ß‡ªìπ ‘Ëß®”‡ªìπ
ß“π«‘®—¬π’È‰¥â∑”°“√æàπºß Al-12wt%Si ¥â«¬‡ß◊ËÕπ‰¢°“√
æàπ∑’Ë‡À¡“– ¡∑’Ë ÿ¥ (Õ“¿“°√ ·≈–§≥–, 2549) ·≈â«∑”°“√
µ√«® Õ∫‚§√ß √â“ß®ÿ≈¿“§   ¡∫—µ‘∑“ß°“¬¿“æ  §«“¡·¢Áß
·≈–Õ—µ√“°“√ ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫∑’Ë‡µ√’¬¡‰¥â¥—ß°≈à“«

«‘∏’°“√∑¥≈Õß

ß“π«‘®—¬π’È‡ªìπ°“√‡µ√’¬¡º‘«‡§≈◊Õ∫ Al-12wt%Si

¥â«¬‡∑§π‘§°“√æàπ‡§≈◊Õ∫·∫∫‡ª≈«‰øµ“¡‡ß◊ËÕπ‰¢∑’Ë¥’∑’Ë ÿ¥
∑’ËÀ“‰¥â®“°°“√»÷°…“À“‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡ ”À√—∫°“√æàπºß
Al-12wt%Si (Õ“¿“°√ ·≈–§≥–, 2549) ´÷Ëß‡ß◊ËÕπ‰¢„π
°“√æàπ¥—ß°≈à“«ª√–°Õ∫¥â«¬Õ—µ√“°“√‰À≈¢ÕßÕÕ°´‘‡®π
38 ≈∫.øÿµ/™—Ë«‚¡ß (1.026 ≈∫.‡¡µ√/™—Ë«‚¡ß) Õ—µ√“°“√
‰À≈¢Õß°ä“´Õ–‡´∑‘≈’π 27 ≈∫.øÿµ/™—Ë«‚¡ß (0.729 ≈∫.
‡¡µ√/™—Ë«‚¡ß) ·≈–√–¬–Àà“ß„π°“√æàπ 58 ¡¡. ‚¥¬¡’Õ—µ√“

Figure 1. Typical coating cross section to illustrate lamellar structure of oxides and

inclusions. (AWS ,1985)

Figure 2.  Sketch of flame spraying. (Tucker, 1997).
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°“√ª≈àÕ¬ºß 38.33 °√—¡/π“∑’ ·√ß¥—π≈¡„π°“√À≈àÕ‡¬Áπ
ªóπ 1.5 ∫“√å ‚¥¬„™â®”π«π√Õ∫„π°“√æàπ∑—Èß ‘Èπ 16 √Õ∫
≈ß∫π™‘Èπß“π‡À≈Á°°≈â“§“√å∫Õπ∑’Ë¡’≈—°…≥–‡ªìπ«ß°≈¡∑’Ë¡’
‡ âπºà“π»Ÿπ¬å°≈“ß 25 ¡¡. Àπ“ 5 ¡¡. ´÷Ëßºà“π°“√æàπ
∑√“¬ (grit blasting) „Àâ¡’º‘«∑’Ë¢√ÿ¢√–‡æ◊ËÕ‡æ‘Ë¡°“√¬÷¥‡°“–
√–À«à“ßº‘«‡§≈◊Õ∫°—∫™‘Èπß“π  ·≈–‡¡◊ËÕ‰¥âº‘«‡§≈◊Õ∫·≈â«®–
∑”°“√«‘‡§√“–Àå¥—ßµàÕ‰ªπ’È

«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’ ·≈–‚§√ß √â“ß®ÿ≈¿“§¢Õß

º‘«‡§≈◊Õ∫

∑”°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¢Õßº‘«‡§≈◊Õ∫
‚¥¬Õ“»—¬‡∑§π‘§ EDS-SEM (JEOL JSM 5910LV) ·≈–
∑”°“√»÷°…“‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õßº‘«‡§≈◊Õ∫¥â«¬°≈âÕß
®ÿ≈∑√√»πå·∫∫· ß (optical microscope)  ·≈–°≈âÕß
®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ (scanning electron

microscope)

«—¥§«“¡Àπ“ §«“¡·¢Áß °“√ ÷°À√Õ ·≈– —¥ à«π√âÕ¬≈–

√Ÿæ√ÿπ¢Õßº‘«‡§≈◊Õ∫

°“√«—¥§«“¡Àπ“¢Õßº‘«‡§≈◊Õ∫¥â«¬°≈âÕß®ÿ≈∑√√»πå
· ß (MXT-α7 Digital) ®–∑”°“√«—¥∑—Èß ‘Èπ 10 ∫√‘‡«≥
¢Õß·µà≈–™‘Èπß“π·≈â«§”π«≥§à“‡©≈’Ë¬   à«π°“√«—¥§à“
§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫π—Èπ∑”‰¥â‚¥¬°“√°¥º‘«‡§≈◊Õ∫¥â«¬
À—«°¥·∫∫«‘°‡°Õ√å (Vickers hardness, HV) ¥â«¬‡§√◊ËÕß
Galileo Microscan OD ‚¥¬∫√‘‡«≥∑’Ë°¥®–‡ªìπ∫√‘‡«≥
º‘«µ—¥¢«“ß¢Õßº‘«‡§≈◊Õ∫ (cross section) ∑’Ë∑”°“√¢—¥º‘«
¥â«¬°√–¥“…∑√“¬‡∫Õ√å 100, 600 ·≈– 1000 ®π°√–∑—Ëß
∂÷ßºßÕ–≈Ÿ¡‘π“¢π“¥ 0.3 ‰¡‚§√‡¡µ√ ‚¥¬„π°“√°¥º‘«
‡§≈◊Õ∫‡æ◊ËÕ«—¥§à“§«“¡·¢Áßπ—Èπ®–„™âπÈ”Àπ—° 100 °√—¡
°¥™‘Èπß“π„π·µà≈–®ÿ¥‡ªìπ‡«≈“ 15 «‘π“∑’ ‚¥¬∑”°“√°¥
∑—ÈßÀ¡¥ 5 ®ÿ¥µàÕ™‘Èπß“π‡æ◊ËÕÀ“§à“‡©≈’Ë¬   à«πÕ—µ√“°“√
 ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫ “¡“√∂«—¥‰¥â‚¥¬°“√∑¥ Õ∫·∫∫
Pin-on-Disk (ISC-200 Tribometer) ´÷Ëß„™âÀ—«°¥
∑—ß ·µπ§“√å‰∫¥å (WC) πÈ”Àπ—°°¥ 50 °√—¡  ·≈–„™â
√–¬–∑“ß„π°“√∑¥ Õ∫°“√ ÷°À√Õ‡ªìπ 25, 50 ·≈– 75

‡¡µ√ µ“¡≈”¥—∫  ‚¥¬®–∑¥ Õ∫„π ¿“«–∫√√¬“°“»ª°µ‘
·≈â«∑”°“√«—¥§«“¡°«â“ß¢Õß√Õ¬ ÷° 4 ∫√‘‡«≥‡æ◊ËÕÀ“
§à“‡©≈’Ë¬ „π°“√§”π«≥À“Õ—µ√“°“√°“√ ÷°À√Õπ—Èπ‡ªìπ‰ª

µ“¡¡“µ√∞“π ASTM G66-90  à«π°“√«—¥√âÕ¬≈–æ◊Èπ∑’Ë
¢Õß√Ÿæ√ÿπ¢Õßº‘«‡§≈◊Õ∫‚¥¬„™â‡∑§π‘§°“√«‘‡§√“–Àå¿“æ
(image analysis) ¥â«¬‚ª√·°√¡«‘‡§√“–Àå√Ÿæ√ÿπ®“°¿“æ
∂à“¬ Image Pro Plus ´÷ËßÕ“»—¬°“√æ‘®“√≥“§«“¡·µ°µà“ß
¢Õß√–¥—∫ ’ (contrast) √–À«à“ß√Ÿæ√ÿπ·≈–‡π◊ÈÕº‘«‡§≈◊Õ∫
‚¥¬°“√‡µ√’¬¡™‘Èπß“π ”À√—∫°“√«—¥√Ÿæ√ÿππ—Èπ‡À¡◊Õπ°“√
«—¥§«“¡·¢Áßº‘«‡§≈◊Õ∫ ·≈â«∑”°“√µ√«® Õ∫∫√‘‡«≥º‘«µ—¥
¢«“ß¢Õßº‘«‡§≈◊Õ∫∑’Ë∑”°“√¢—¥º‘«®π°√–∑—Ëß∂÷ß§«“¡≈–‡Õ’¬¥
0.3 ‰¡‚§√‡¡µ√ ÷́Ëß®–∑”°“√«—¥√âÕ¬≈–√Ÿæ√ÿπ∑—Èß ‘Èπ 10

∫√‘‡«≥µàÕ™‘Èπß“π‡æ◊ËÕÀ“§à“‡©≈’Ë¬ ®“°π—Èπ®–∑”°“√‡ª√’¬∫
‡∑’¬∫ ¡∫—µ‘µà“ßÊ ¢Õßº‘«‡§≈◊Õ∫∑’Ë∑”°“√æàπ¥â«¬‡ß◊ËÕπ‰¢∑’Ë
‡À¡“– ¡∑’Ë ÿ¥∑’Ë‰¥â®“°°“√ÕÕ°·∫∫°“√∑¥≈Õß §◊Õ Õ—µ√“
°“√‰À≈¢ÕßÕÕ° ‘́‡®π 38 ≈∫.øÿµ/™—Ë«‚¡ß (1.026 ≈∫.‡¡µ√/
™—Ë«‚¡ß) Õ—µ√“°“√‰À≈¢Õß°ä“´Õ–‡´∑‘≈’π 27 ≈∫.øÿµ/™—Ë«‚¡ß
(0.729 ≈∫.‡¡µ√/™—Ë«‚¡ß) ·≈–√–¬–Àà“ß„π°“√æàπ 58 ¡¡.
°—∫º‘«‡§≈◊Õ∫∑’Ë∑”°“√æàπ¥â«¬µ“¡‡ß◊ËÕπ‰¢∑’Ë∫√‘…—∑ºŸâº≈‘µºß
(Sulzer Metco) °”Àπ¥ §◊Õ Õ—µ√“°“√‰À≈¢ÕßÕÕ°´‘‡®π
·≈–°ä“´Õ–‡´∑‘≈’π‡ªìπ 36 ≈∫.øÿµ/™—Ë«‚¡ß (0.972 ≈∫.
‡¡µ√/™—Ë«‚¡ß) ·≈–√–¬–Àà“ß„π°“√æàπ‡ªìπ 75 ¡¡. ‚¥¬º‘«
‡§≈◊Õ∫∑—Èß Õßπ’È®–∂Ÿ°æàπ¥â«¬Õÿª°√≥åæàπ‡§≈◊Õ∫·∫∫‡ª≈«
‰ø™ÿ¥‡¥’¬«°—π

º≈°“√∑¥≈Õß·≈–«‘‡§√“–Àåº≈

‡¡◊ËÕæ‘®“√≥“‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õßº‘«‡§≈◊Õ∫
∫√‘‡«≥º‘«µ—¥¢«“ß ¥â«¬¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πå·∫∫
· ß· ¥ß¥—ß Figure 3 ‚¥¬º‘«‡§≈◊Õ∫¥—ß°≈à“«®–‰¥â®“°
°“√æàπµ“¡‡ß◊ËÕπ‰¢∑’Ë¥’∑’Ë ÿ¥®“°°“√ÕÕ°·∫∫°“√∑¥≈Õß
¥—ßπ”‡ πÕ„π∫∑§«“¡µÕπ∑’Ë 1 (Õ“¿“°√ ·≈–§≥–, 2549)

æ∫«à“º‘«‡§≈◊Õ∫∑’Ë‰¥â§àÕπ¢â“ßÀ¬“∫ ¡’≈—°…≥–¢ÕßÕπÿ¿“§
∑’Ë‰¡àÀ≈Õ¡À√◊ÕÀ≈Õ¡‰¡à ¡∫Ÿ√≥å·∑√°Õ¬Ÿà„πº‘«‡§≈◊Õ∫‚¥¬
Õπÿ¿“§∑’Ë‰¡àÀ≈Õ¡π—Èπ®–¡’≈—°…≥–√Ÿª√à“ß§àÕπ¢â“ß°≈¡ ‡°‘¥
®“°Õπÿ¿“§∑’Ë¡’¢π“¥„À≠à®π‡°‘π‰ª∑’Ë‰¡à “¡“√∂∂Ÿ°À≈Õ¡
‰¥â ¡∫Ÿ√≥å À√◊ÕÕπÿ¿“§¢π“¥‡≈Á°∑’Ë∂Ÿ°æàπ¥â«¬§«“¡‡√Á« Ÿß
‡°‘π‰ª®π‰¡à¡’‡«≈“‡æ’¬ßæÕ∑’Ë®–À≈Õ¡°àÕπ∑’Ë®–«‘Ëß‰ªª–∑–
™‘Èπß“π ®“°°“√·∑√°µ—«¢ÕßÕπÿ¿“§‰¡àÀ≈Õ¡π’È∑”„Àâ‡°‘¥
√Ÿæ√ÿπ¢÷Èπ„πº‘«‡§≈◊Õ∫‡π◊ËÕß®“°°“√‡™◊ËÕ¡ª√– “π∑’Ë‰¡à
 ¡∫Ÿ√≥å¢ÕßÕπÿ¿“§‰¡àÀ≈Õ¡ πÕ°®“°π’È®– —ß‡°µ‡ÀÁπ√Õ¬
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·¬° (crack) ∑’Ë∫√‘‡«≥√Õ¬µàÕ√–À«à“ßº‘«‡§≈◊Õ∫°—∫™‘Èπß“π
∑—Èßπ’È‡π◊ËÕß®“°«— ¥ÿº‘«‡§≈◊Õ∫·≈–™‘Èπß“π‡ªìπ«— ¥ÿ§π≈–™π‘¥
°—π  ´÷Ëß¡’§à“ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«∑“ß§«“¡√âÕπ (co-

efficient of thermal expansion; CTE) ∑’Ë·µ°µà“ß°—π
¥â«¬ ¥—ßπ—Èπ®÷ß∑”„Àâ‡°‘¥§«“¡‰¡à ¡¥ÿ≈¢Õß§à“ —¡ª√– ‘∑∏‘Ï
°“√¢¬“¬µ—« (thermal expansion mismatch) ¢÷Èπ„π
¢≥–º‘«‡§≈◊Õ∫‡¬Áπµ—«≈ßÀ≈—ß∂Ÿ°æàπ   àßº≈„Àâ¡’§«“¡‡§âπ
 – ¡  (residual  stresses)  „πº‘«‡§≈◊Õ∫·≈–™‘Èπß“π‰¡à
‡∑à“°—π ∑”„Àâ‡°‘¥°“√·µ°¢÷Èπ√–À«à“ßº‘«‡§≈◊Õ∫·≈–™‘Èπß“π
‡æ◊ËÕª≈¥ª≈àÕ¬§«“¡‡§âπ¥—ß°≈à“« ·≈–πÕ°®“°π’È Figure 3

¬—ß· ¥ß„Àâ‡ÀÁπ«à“º‘«¢Õß™‘Èπß“π¡’§«“¡À¬“∫πâÕ¬ ´÷ËßÕ“®
®–∑”„Àâ°“√¬÷¥‡°“–¢Õßº‘«‡§≈◊Õ∫·∫∫‡™‘ß°≈π—Èπ‰¡à¥’‡∑à“∑’Ë
§«√

‡¡◊ËÕæ‘®“√≥“º‘«‡§≈◊Õ∫ Al-12wt%Si ¥â«¬°≈âÕß
®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥· ¥ß¥—ß Figure 4

æ∫«à“≈—°…≥–¢Õßº‘«‡§≈◊Õ∫´÷Ëß∂à“¬¥â«¬‡∑§π‘§ BE-SEM

∑’Ë°”≈—ß¢¬“¬ Ÿß¢÷Èπ æ∫«à“¡’≈—°…≥–¢Õß°“√‡°‘¥‚§√ß √â“ß
·∫∫ lamellar Õ—π‡π◊ËÕß®“°°“√‡√’¬ßµ—«‡ªìπ™—ÈπÊ ¢Õß·µà
≈–Õπÿ¿“§∑’ËÀ≈Õ¡∑’Ë∂Ÿ°·√ß¥—πÕ—¥„Àâ·∫π‡ªìπ·ºàπ (splat)

·≈–º‘«‡§≈◊Õ∫∑’Ë‰¥â¡’§«“¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π Ÿß  ‚¥¬‡¡◊ËÕ
æ‘®“√≥“Õß§åª√–°Õ∫∑“ß‡§¡’‚¥¬√«¡¢Õßº‘«‡§≈◊Õ∫¥â«¬
‡∑§π‘§ EDS-SEM æ∫«à“®–ª√–°Õ∫¥â«¬∏“µÿÕ–≈Ÿ¡‘‡π’¬¡
´‘≈‘°Õπ ÕÕ°´‘‡®π ·≈–§“√å∫Õπ ‚¥¬¡’∏“µÿÕ–≈Ÿ¡‘‡π’¬¡„π
ª√‘¡“≥¡“°∑’Ë ÿ¥ ·≈–¡’∏“µÿ´‘≈‘°Õπ„πª√‘¡“≥√Õß≈ß¡“
√«¡∑—Èß¡’∏“µÿÕÕ°´‘‡®π·≈–§“√å∫Õπ‡ªìπÕß§åª√–°Õ∫¥â«¬
¥—ß —¥ à«πª√‘¡“≥∏“µÿ· ¥ß„π Table 1 ‡¡◊ËÕ∑”°“√‡ª√’¬∫
‡∑’¬∫Õß§åª√–°Õ∫∑“ß‡§¡’„πº‘«‡§≈◊Õ∫°—∫ºß‡§≈◊Õ∫ ®–‡ÀÁπ
·π«‚πâ¡°“√‡æ‘Ë¡¢÷Èπ¢Õßª√‘¡“≥∏“µÿ§“√å∫Õπ·≈–ÕÕ° ‘́‡®π
·≈–·π«‚πâ¡°“√≈¥≈ß¢Õß∏“µÿ´‘≈‘°Õπ·≈–Õ–≈Ÿ¡‘‡π’¬¡„π

º‘«‡§≈◊Õ∫‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ª√‘¡“≥∏“µÿ‡À≈à“π’È„πºß‡§≈◊Õ∫
∑—Èßπ’ÈÕ“®®–¡’ “‡Àµÿ¡“®“°°“√‡æ‘Ë¡¢÷Èπ¢Õßª√‘¡“≥ÕÕ°‰´¥å
¢Õß∏“µÿ´‘≈‘°Õπ (SiO

2
)   ÕÕ°‰´¥å¢Õß∏“µÿÕ–≈Ÿ¡‘‡π’¬¡

(Al
2
O

3
) ·≈–/À√◊Õ “√ª√–°Õ∫Õ–≈Ÿ¡‘‚π´‘≈‘‡°µ (alumino-

silicate; Al
2
O

3
.xSiO

2
) ∑’Ë¡’‚§√ß √â“ß‡ªìπ·∫∫Õ —≥∞“π

(amorphous) ‡π◊ËÕß®“°°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß
∏“µÿ ‘́≈‘°Õπ ·≈–Õ–≈Ÿ¡‘‡π’¬¡∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß„π√–À«à“ß
°√–∫«π°“√æàπ‡§≈◊Õ∫„π∫√√¬“°“»ª°µ‘π—Ëπ‡Õß (Jian-

sirisomboon et al., 2003)

®“°º≈°“√∑¥≈Õß¢Õß™‘Èπß“π∑’Ëæàπ¥â«¬‡ß◊ËÕπ‰¢∑’Ë¥’
∑’Ë ÿ¥∑’Ë‰¥â®“°°“√ÕÕ°·∫∫°“√∑¥≈Õß (Õ“¿“°√ ·≈–§≥–,

2549) æ∫«à“§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫∑¥ Õ∫¥â«¬‡∑§π‘§
°“√°¥·∫∫«‘°‡°Õ√å „Àâ§à“§«“¡·¢Áß‡©≈’Ë¬‡∑à“°—∫ 87.0±8.3

HV  À√◊Õ‡∑à“°—∫  853.5  π‘«µ—π/µ√.‡¡µ√  ‡¡◊ËÕæ‘®“√≥“
√Õ¬°¥«‘°‡°Õ√å¥—ß· ¥ß„π Figure 5 æ∫«à“≈—°…≥–¢Õß
√Õ¬°¥ (indentation impression) ∑’Ë∑”°“√«—¥„π¿“§µ—¥
¢«“ß (cross-section) ¢Õßº‘«‡§≈◊Õ∫¡’≈—°…≥–‡ªìπ ’Ë‡À≈’Ë¬¡
∞“πªî√–¡‘¥∑’Ë ¡¡“µ√ ´÷Ëß§«“¡°«â“ß¢Õß‡ âπ∑·¬ß¡ÿ¡¢Õß
 ’Ë‡À≈’Ë¬¡π’È “¡“√∂π”‰ª§”π«≥‡ªìπ§à“§«“¡·¢Áß¢Õßº‘«
‡§≈◊Õ∫‰¥âµ“¡ Ÿµ√ HV = [2Psin(θ/2)]/d2  ‡¡◊ËÕ P §◊Õ
πÈ”Àπ—°∑’Ë„™â°¥„πÀπà«¬°‘‚≈°√—¡  θ §◊Õ¡ÿ¡¢ÕßÀ—«°¥‡∑à“°—∫
136º  ·≈–  d  §◊Õ  §«“¡¬“«‡©≈’Ë¬¢Õß‡ âπ∑·¬ß¡ÿ¡∑’Ë‡°‘¥
®“°À—«°¥„πÀπà«¬ "¡¡." ®“°≈—°…≥–¢Õß√Õ¬°¥¥—ß°≈à“«
 “¡“√∂∫Õ°‰¥â«à“«— ¥ÿ‡§≈◊Õ∫π’È¡’§«“¡¬◊¥À¬ÿàπ Ÿß ‡π◊ËÕß®“°
‰¡àæ∫√Õ¬·µ°¢¬“¬µ—«ÕÕ°¡“®“°¡ÿ¡∑—Èß ’Ë¢Õß√Õ¬°¥ ´÷Ëß
≈—°…≥–¢Õß√Õ¬·µ°¥—ß°≈à“«®–· ¥ß§«“¡‡ªìπ«— ¥ÿ∑’Ë¡’
§«“¡‡ª√“– Ÿß  ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“§«“¡·¢Áß¢Õßº‘«
‡§≈◊Õ∫∑’Ëæàπ¥â«¬‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡∑’Ë ÿ¥∑’Ë‰¥â®“°°“√ÕÕ°
·∫∫°“√∑¥≈Õß¥—ß· ¥ß„π Table 2 æ∫«à“¡’§à“πâÕ¬°«à“

Table 1. Chemical composition of Al-12wt%Si powder and as-

received coating.

    Powder              Coating
Element

% weight % mass of atom % weight % mass of atom

C 4.84 10.00 9.32 13.11
O 3.07 4.83 6.57 8.24
Al 79.70 75.21 73.53 69.06
Si 12.39 11.34 10.58 9.57
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Aluminium-12wt% silicon coating

Yudee, A., et al.

Figure 4.  Microstructure of Al-12wt% Si coating taken by SEM at 500X magnification.

Figure 5. An indentation impression of Vickers indenter on Al-12wt%Si coating taken by

optical microscope 250X magnification.

Figure 3. Microstructure of cross - sectional Al-12wt% Si coating taken by optical

microscope at 100X magnification.
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º‘«‡§≈◊Õ∫∑’Ëæàπµ“¡‡ß◊ËÕπ‰¢∑’Ë∫√‘…—∑ºŸâº≈‘µºß°”Àπ¥ª√–¡“≥
8.7% ·µà∂â“æ‘®“√≥“ à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§à“§«“¡
·¢Áßª√–°Õ∫¥â«¬ °ÁÕ“®®–°≈à“«‰¥â«à“§à“§«“¡·¢Áß∑—Èß Õß
π—Èπ‰¡à·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠

§«“¡Àπ“¢Õßº‘«‡§≈◊Õ∫ Al-12wt%Si π—Èπ ‡°‘¥
®“°Õπÿ¿“§‡°‘¥°“√ ấÕπ∑—∫°—π®π°√–∑—Ëß‡°‘¥‡ªìπ§«“¡Àπ“
¢Õßº‘«‡§≈◊Õ∫¢÷Èπ ‚¥¬º‘«‡§≈◊Õ∫∑’Ë‡°‘¥¢÷Èπ¡’°“√‡°“–‡°’Ë¬«°—π
√–À«à“ßÕπÿ¿“§‡ªìπ°“√¬÷¥‡°“–·∫∫‡™‘ß°≈ (mechanical

interlocking) ‚¥¬§«“¡Àπ“‡©≈’Ë¬¢Õßº‘«‡§≈◊Õ∫∑’Ëæàπµ“¡
‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡∑’Ë ÿ¥®“°°“√ÕÕ°·∫∫°“√∑¥≈Õß
æ∫«à“¡’§à“‡∑à“°—∫ 236.7±20.5 ‰¡§√Õπ ´÷Ëß¡’§à“¡“°°«à“
§«“¡Àπ“‡©≈’Ë¬¢Õßº‘«‡§≈◊Õ∫∑’Ë‰¥â®“°°“√æàπ‡§≈◊Õ∫µ“¡
‡ß◊ËÕπ‰¢∑’Ë∫√‘…—∑ºŸâº≈‘µºß°”Àπ¥ª√–¡“≥ 17.28%

®“°º≈°“√∑¥ Õ∫À“Õ—µ√“°“√ ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫
¥â«¬‡§√◊ËÕß∑¥ Õ∫°“√ ÷°À√Õ·∫∫ Pin-on-Disk æ∫«à“
º‘«‡§≈◊Õ∫∑’Ëæàπµ“¡‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡∑’Ë‰¥â®“°°“√ÕÕ°·∫∫
°“√∑¥≈Õß¡’§à“°“√ ÷°À√Õ‡©≈’Ë¬§◊Õ 1.108x10-3 ± 0.001

≈∫.¡¡./‡¡µ√ ´÷Ëßæ∫«à“º‘«‡§≈◊Õ∫¡’§«“¡µâ“π∑“π‡æ‘Ë¡¢÷Èπ
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√æàπ‡§≈◊Õ∫µ“¡‡ß◊ËÕπ‰¢∑’Ë∫√‘…—∑ºŸâº≈‘µ
ºß°”Àπ¥„Àâ æ∫«à“®–¡’§«“¡µâ“π∑“π‡æ‘Ë¡¢÷Èπª√–¡“≥
259.29%

§à“ —¥ à«πª√‘¡“≥¢Õß√Ÿæ√ÿπ¢Õßº‘«‡§≈◊Õ∫π—Èπ¡’º≈
µàÕ ¡∫—µ‘µà“ßÊ ¢Õßº‘«‡§≈◊Õ∫‡ªìπÕ¬à“ß¬‘Ëß ‚¥¬‡©æ“–§à“
§«“¡·¢Áß·≈–Õ—µ√“°“√ ÷°À√Õ ∂â“§à“ —¥ à«πª√‘¡“≥¢Õß
√Ÿæ√ÿπ¡’§à“πâÕ¬·≈â«∑”„Àâ§à“§«“¡·¢Áß¡’§à“¡“°·≈–¡’Õ—µ√“
°“√ ÷°À√ÕπâÕ¬  ‚¥¬§à“ —¥ à«πª√‘¡“≥¢Õß√Ÿæ√ÿπ¢Õß
º‘«‡§≈◊Õ∫ “¡“√∂À“‰¥â‚¥¬°“√„™â‡∑§π‘§°“√«‘‡§√“–Àå¿“æ
‚¥¬ª°µ‘·≈â«§«“¡æ√ÿπ∑’Ë‡°‘¥¢÷Èπ„πº‘«‡§≈◊Õ∫π—ÈπÕ“®‡°‘¥
¢÷Èπ‰¥â¥â«¬À≈“¬ªí®®—¬  ‡™àπ  Õÿ≥À¿Ÿ¡‘¢Õß‡ª≈«‰ø  §«“¡

 “¡“√∂„π°“√À≈Õ¡¢Õßºß‡§≈◊Õ∫ ·≈–§«“¡‡√Á«„π°“√
µ°°√–∑∫¢ÕßÕπÿ¿“§À≈Õ¡≈ß∫π™‘Èπß“π ‡ªìπµâπ ‚¥¬„π
°√≥’¢Õßº‘«‡§≈◊Õ∫ Al-12wt%Si π—Èπ √Ÿæ√ÿπ∑’Ë‡°‘¥¢÷ÈπÕ“®
®–‡°‘¥®“°°“√¢—¥º‘«∑’Ë∑”„ÀâÕπÿ¿“§∑’Ë‰¡àÀ≈Õ¡À√◊Õ°÷ËßÀ≈Õ¡
À≈ÿ¥ÕÕ°‰ª‡°‘¥‡ªìπ™àÕß«à“ß (voids) ¢÷Èπ À√◊ÕÕ“®‡°‘¥®“°
°“√∑’Ë‚≈À–Õ–≈Ÿ¡‘‡π’¬¡´÷Ëß‡ªìπ‚≈À–∑’Ë¡’™à«ßÕÿ≥À¿Ÿ¡‘√–À«à“ß
 ∂“π–¢Õß‡À≈«°—∫‰Õ∑’Ë·§∫ (ªπ—¥¥“, 2544) ¥—ßπ—Èπ¿“¬
„µâ¿“«–∑’Ë‰¥â√—∫§«“¡√âÕπ∑’Ë¡“°‡°‘π‰ª ®–∑”„ÀâÕ–≈Ÿ¡‘‡π’¬¡
‡°‘¥°“√°≈“¬‡ªìπ‰Õ°≈“¬‡ªìπ√Ÿæ√ÿπ¢÷Èπ‰¥â‡™àπ°—π ®“°º≈
°“√∑¥≈Õß‡æ◊ËÕÀ“√âÕ¬≈–æ◊Èπ∑’Ë√Ÿæ√ÿπ¢Õßº‘«‡§≈◊Õ∫ æ∫«à“
§à“√âÕ¬≈–æ◊Èπ∑’Ë√Ÿæ√ÿπ¢Õßº‘«‡§≈◊Õ∫∑’Ëæàπµ“¡‡ß◊ËÕπ‰¢∑’Ë
‡À¡“– ¡®“°°“√ÕÕ°·∫∫°“√∑¥≈Õß¡’§à“‡©≈’Ë¬ §◊Õ 14.99

±1.63 ÷́Ëß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫√âÕ¬≈–æ◊Èπ∑’Ë√Ÿæ√ÿπ∑’Ë‰¥â®“°
‡ß◊ËÕπ‰¢°“√æàπµ“¡∫√‘…—∑ºŸâº≈‘µ°”Àπ¥„Àâ  æ∫«à“®–¡’√Ÿæ√ÿπ
πâÕ¬°«à“ª√–¡“≥ 101%

®“° Table 2  “¡“√∂ √ÿª‰¥â§àÕπ¢â“ß™—¥‡®π«à“
 ¡∫—µ‘¢Õßº‘«‡§≈◊Õ∫ Al-12wt%Si ∑’Ë‰¥â®“°°“√æàπ¥â«¬
‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡∑’Ë ÿ¥∑’Ë‰¥â®“°°“√ÕÕ°·∫∫°“√∑¥≈Õß
‰¡à«à“®–‡ªìπ§«“¡Àπ“ Õ—µ√“°“√ ÷°À√Õ ·≈–ª√‘¡“≥√Ÿæ√ÿπ
„πº‘«‡§≈◊Õ∫®–„Àâº‘«‡§≈◊Õ∫∑’Ë¡’‚§√ß √â“ß∑“ß®ÿ≈¿“§∑’Ë¥’
„Àâ§«“¡Àπ“∑’Ë¡“°°«à“ ·≈–Õ—µ√“°“√ ÷°À√Õ·≈–√ÿæ√ÿπ∑’Ë
πâÕ¬°«à“ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫º‘«‡§≈◊Õ∫∑’Ëæàπµ“¡‡ß◊ËÕπ‰¢∑’Ë
°”Àπ¥‚¥¬∫√‘…—∑ºŸâº≈‘µ   Õ¬à“ß‰√°Áµ“¡ ∂÷ß·¡â«à“§à“§«“¡
·¢Áß¢Õßº‘«‡§≈◊Õ∫∑’Ëæàπµ“¡‡ß◊ËÕπ‰¢∑’Ë‰¥â®“°°“√ÕÕ°·∫∫
°“√∑¥≈Õß®–¡’§à“πâÕ¬°«à“§à“§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫∑’Ë
æàπµ“¡‡ß◊ËÕπ‰¢∑’Ë‰¥â®“°∫√‘…—∑ºŸâº≈‘µ ·µà§«“¡·µ°µà“ßπ’È°Á
‰¡à¡“°®π‡°‘π‰ª∂â“À“°æ‘®“√≥“ à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π
ª√–°Õ∫¥â«¬

Table 2. Comparison of coating properties sprayed by the suitable condition

based on a Design of Experiment and the condition provided by

powder production company (Sulzer Metco).

Properties of coating Design of Experiment condition Sulzer Metco Condition

  Hardness (HV) 87.0 ± 8.3 94.6 ± 3.9
  Thickness (mm) 236.7 ± 20.5 195.8 ± 12.4
  Wear rate (mm3/m) 1.108 x10-3 ± 0.001 3.981 x10-3 ± 0.025
  Porosity (%) 14.99 ± 1.63 30.25 ± 3.57
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 √ÿªº≈°“√∑¥≈Õß

°“√æàπºß Al-12wt%Si µ“¡‡ß◊ËÕπ‰¢∑’Ë‰¥â®“°°“√
ÕÕ°·∫∫°“√∑¥≈Õß·∫∫æ◊Èπº‘«º≈µÕ∫ ∑”„Àâ‰¥âº‘«‡§≈◊Õ∫
®“°°“√æàπ‡§≈◊Õ∫·∫∫‡ª≈«‰ø ∑’Ë¡’≈—°…≥–∑“ß‚§√ß √â“ß
®ÿ≈¿“§∑’Ë§àÕπ¢â“ß¥’ ¡Ë”‡ ¡Õ ¡’ª√‘¡“≥√Ÿæ√ÿπµË” ·≈–¡’
Õß§åª√–°Õ∫∑“ß‡§¡’∑’Ë¡’§«“¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π§àÕπ¢â“ß Ÿß
‚¥¬≈—°…≥–‡À≈à“π’È®– àßº≈µàÕ§«“¡·¢Áß·≈–Õ—µ√“°“√
 ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫ ´÷Ëßæ∫«à“º‘«‡§≈◊Õ∫∑’Ë‰¥âπ’È®–¡’ ¡∫—µ‘
¥—ß°≈à“«¥’°«à“º‘«‡§≈◊Õ∫∑’Ëæàπµ“¡‡ß◊ËÕπ∑’Ë°”Àπ¥‚¥¬∫√‘…—∑
ºŸâº≈‘µºß‡§≈◊Õ∫

‡Õ° “√Õâ“ßÕ‘ß

ªπ—¥¥“ π‘√π“∑≈È”æß»å. 2544. ª°ªÑÕßº‘«§ÿ≥®“° ‘Ëß·«¥≈âÕ¡
¬◊¥Õ“¬ÿ™‘Èπ à«π‚¥¬‡∑§π‘§°“√æàπ‡§≈◊Õ∫¥â«¬‡ª≈«
æ≈“ ¡à“, »Ÿπ¬å‡∑§‚π‚≈¬’‚≈À–·≈–«— ¥ÿ·Ààß™“µ‘, æ‘¡æå
§√—Èß∑’Ë 1, Àπâ“ 21.

Õ“¿“°√ Õ¬Ÿà¥’ Õ¿‘™“µ ‚ ¿“·¥ß  ‘∑∏‘™—¬ «‘‚√®πŸª∂—¡¿å ·≈–
 ÿ°“π¥“ ‡®’¬√»‘√‘ ¡∫Ÿ√≥å. 2549. º‘«‡§≈◊Õ∫Õ–≈Ÿ¡‘‡π’¬¡-
12% ‚¥¬πÈ”Àπ—°´‘≈‘°Õπ∑’Ë‡µ√’¬¡‚¥¬‡∑§π‘§°“√æàπ
‡§≈◊Õ∫¥â«¬§«“¡√âÕπ: µÕπ∑’Ë 1 °“√À“‡ß◊ËÕπ‰¢°“√æàπ
‡§≈◊Õ∫∑’Ë¥’∑’Ë ÿ¥∫πæ◊Èπ∞“π°“√ÕÕ°·∫∫°“√∑¥≈Õß.
«.  ß¢≈“π§√‘π∑√å «∑∑. 28(2).

AWS Committee on Thermal Spraying. 1985. Thermal
Spraying  Practice,  Theory  and  Application,
AMERICAN WELDING SOCIETY, INC, New
York .

Davis,  J.R.  and  Associates.  ASM  International.  1993.
Aluminum  and  Aluminum  Alloys  1st  ed,  ASM
International, New York.

Jiansirisomboon, S., MacKenzie, K.J.D., Roberts, S.G.
and Grant, P.S. 2003. Low pressure plasma-
sprayed Al

2
O

3
 and Al

2
O

3
/SiC nanocomposite

coatings from different feedstock powders, J.
Euro. Ceram. Soc. 23: 961-976.

Malcolm, K.S. and Vinod, K.J. 2001. Friction and wear
characteristics of hard coatings, Wear 251: 990-
996.

Priit, K. and Sergei, Z. 2000. Wear resistance of thermal
sprayed coating on the base of recycled hard-
metal, Surf. Coat. Technol., 130: 46-51.

Rosso, M., Scrivani, A. and Ugues, D. 2001. Corrosion
resistance and properties of pump pistons coated
with hard materials, Inter. J. Refrac. Mets. Hard
Mats.,19: 45-52.

Tucker,  R.C.  1997.  Thermal  spray  coating  in  Metal
Handbook  9th  ed,  Praxair  surface  technology
Inc.; 497-509.


