
∫∑§«“¡«‘®—¬

Õ‘∑∏‘æ≈¢Õß ‡µ’¬√‘°·Õ´‘¥µàÕ‚§√ß √â“ß®ÿ≈¿“§·≈–
 ¡∫—µ‘∑“ß‰øøÑ“¢Õß‡´√“¡‘° å´‘ß§åÕÕ°‰´¥å‡®◊Õ¥â«¬Õ≈Ÿ¡‘‡π’¬¡

ÕâÕ¡µ–«—π · ß®—°√«“Ã ·≈– ∏π¿√≥å ‚µ‚ ¿≥*
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‰¥â»÷°…“º≈¢Õß ‡µ’¬√‘°·Õ´‘¥ (SA) ∑’Ë¡’µàÕ‚§√ß √â“ß®ÿ≈¿“§·≈– ¡∫—µ‘∑“ß‰øøÑ“¢Õß‡´√“¡‘° å
´‘ß§åÕÕ°‰´¥å‡®◊Õ¥â«¬Õ≈Ÿ¡‘‡π’¬¡ (AZO) ‚¥¬µ—«Õ¬à“ß¡’ à«πª√–°Õ∫‡ªìπ (100-x) AZO + x SA ‚¥¬∑’Ë x
¡’§à“µ—Èß·µà 0, 1, 5, 10 ·≈– 25 wt% µ“¡≈”¥—∫  à«πº ¡µà“ßÊ ∂Ÿ°π”¡“‡µ√’¬¡‡ªìπ‡´√“¡‘° å¥â«¬«‘∏’°“√
º ¡ÕÕ°‰´¥å·∫∫¥—Èß‡¥‘¡·≈–‡º“ºπ÷°∑’ËÕÿ≥À¿Ÿ¡‘ 1,000, 1,100 ·≈– 1,200 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“
2 ™—Ë«‚¡ß ‰¥âµ√«® Õ∫≈—°…≥–¢Õß°√–· ‰øøÑ“·≈–§«“¡µà“ß»—°¬å¢Õß∑ÿ°µ—«Õ¬à“ßæ∫«à“ ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡º“
ºπ÷°‡æ‘Ë¡¢÷Èπ µ—«Õ¬à“ß∑’Ë‡®◊Õ¥â«¬ SA „πª√‘¡“≥‡∑à“°—∫À√◊ÕπâÕ¬°«à“ 10 wt% „Àâ≈—°…≥–°“√π”‰øøÑ“∑’Ë¥’
¢≥–∑’Ë°“√π”‰øøÑ“¢Õßµ—«Õ¬à“ß∑’Ë¡’ª√‘¡“≥°“√‡®◊Õ¡“°°«à“ 10 wt% °≈—∫≈¥≈ß

®“°°“√»÷°…“‡æ‘Ë¡‡µ‘¡æ∫«à“ §«“¡Àπ“·πàπ¢Õßµ—«Õ¬à“ß∑—ÈßÀ¡¥·≈–¢π“¥¢Õß‡°√π‡æ‘Ë¡¢÷Èπ
·µà√Ÿæ√ÿπ‡ªî¥≈¥≈ß‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡º“ºπ÷°‡æ‘Ë¡¢÷Èπ ´÷ËßÕ∏‘∫“¬‰¥â®“°Õÿ≥À¿Ÿ¡‘‡º“ºπ÷°∑’Ë Ÿß¢÷Èπ ∑”„Àâ‡°‘¥°“√
‡™◊ËÕ¡µàÕ°—π∑’Ë¢Õ∫‡°√π ª√‘¡“≥°“√‡®◊Õ¢Õß SA µË” ∑”„Àâ‡°√π‡µ‘∫‚µ ¢≥–∑’Ëª√‘¡“≥°“√‡®◊Õ Ÿß°«à“ 5 wt%
®–‰ª¬—∫¬—Èß°“√‡µ‘∫‚µ¢Õß‡°√π´÷Ëß∑”„Àâ¢π“¥¢Õß‡°√π≈¥≈ß
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Influence of Stearic Acid on Microstructure and
Electrical Properties of Aluminium Doped Zinc Oxide Ceramics

Aomtawan Sangjakrawan and Thanaporn Tohsophon*

ABSTRACT

Effect of stearic acid (SA) on microstructure and electrical properties of Zinc oxide
ceramics doped Aluminium (AZO) were examined. Specimens with composition of (100-x)
AZO + x SA, where x varied from 0, 1, 5, 10 and 25 wt% were prepared by a conventional
mixed oxide method and sintered at a temperature of 1,000, 1,100 and 1,200 ÌC for 2 hours.
Current-Voltage characteristics of all specimens were investigated. The specimens with
doping level equal or less than 10 wt% show a good conductive characteristic as the sintering
temperature increase. While the conductivity of specimens with doping level more than 10 wt%
is found to decrease as increasing the sintering temperature.

In addition, the density of all specimens and grain size increase but the open porosity
decrease as the sintering temperature is increased. This effect can be explained by considering
the high sintering temperature promotes interconnect at grain boundary. Low doping level of
SA promote grain growth while higher doping content of more than 5 wt% acts as a grain
growth inhibitor that reduce the grain size.

Keywords: AZO ceramics, conductive ceramics, sintering, open porosity, stearic acid
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∫∑π”
ªí®®ÿ∫—π‡∑§‚π‚≈¬’¥â“πÕ‘‡≈Á°∑√Õπ‘° å‰¥â‡¢â“¡“¡’∫∑∫“∑°—∫°“√¥”√ß™’«‘µ¢Õß¡πÿ…¬å‡ªìπÕ¬à“ß¡“°

∑—Èß∑“ß¥â“π°“√ ◊ËÕ “√‚∑√§¡π“§¡ °“√·æ∑¬å °“√§â“ °“√≈ß∑ÿπ √«¡∂÷ß∑“ß¥â“πÕÿµ “À°√√¡ ≈â«π·µàÕ“»—¬
Õÿª°√≥åÕ‘‡≈Á°∑√Õπ‘° å‡ªìπ‡§√◊ËÕß¡◊Õ‡æ◊ËÕ™à«¬„Àâß“π¡’ª√– ‘∑∏‘¿“æ·≈–√«¥‡√Á«¬‘Ëß¢÷Èπ Õÿª°√≥åÕ‘‡≈Á°∑√Õπ‘° å
‡À≈à“π’È à«π„À≠à¡—°º≈‘µ®“° “√°÷Ëßµ—«π” (semiconductor) ÷́Ëß “√°÷Ëßµ—«π”∫“ßÕ¬à“ßµâÕßÕ“»—¬°“√‡µ√’¬¡
®“°Õß§åª√–°Õ∫∑’Ë¡’‡ß◊ËÕπ‰¢æ‘‡»… (¡—°‰¡àæ∫µ“¡∏√√¡™“µ‘) ´÷Ëß°√–∫«π°“√„π°“√‡µ√’¬¡π—ÈπÕ¬Ÿà¿“¬„µâ
°“√§«∫§ÿ¡¥â«¬‡ß◊ËÕπ‰¢À≈“¬ª√–°“√·≈–°àÕ„Àâ‡°‘¥√Ÿª·∫∫∑’Ë´—∫´âÕπ‡µÁ¡‰ª¥â«¬§ÿ≥ ¡∫—µ‘∑’Ë‡©æ“–‡®“–®ß
‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß ¡∫—µ‘∑“ß‰øøÑ“ §«“¡ ”‡√Á®∑’Ë‡ÀÁπ‰¥â™—¥‡®π°Á§◊Õ °“√∑”„Àâ‰¥â™‘Èπß“π∑’Ë¡’¢π“¥‡≈Á°≈ß
¡’πÈ”Àπ—°‡∫“ √“§“≈¥≈ß ·µà¬—ß§ßª√– ‘∑∏‘¿“æ„π°“√„™âß“π‰¥â¥’ ®“°°“√»÷°…“‡æ‘Ë¡‡µ‘¡æ∫«à“ÕÕ°‰´¥å
¢Õßæ«°‚≈À–π—Èπ¡’§ÿ≥ ¡∫—µ‘‡ªìπ “√°÷Ëßµ—«π” ‡™àπ ´‘ß§åÕÕ°‰´¥å (zinc oxide: ZnO) ÷́Ëß‡ªìπ “√°÷Ëßµ—«π”
™π‘¥‡ÕÁπ∑’Ë¡’°“√»÷°…“Õ¬à“ß°«â“ß¢«“ß ‡¡◊ËÕ‡®◊Õ “√Õ◊Ëπ≈ß‰ª„π ZnO ®–∑”„Àâ‚§√ß √â“ß‡¥‘¡¡’°“√‡ª≈’Ë¬π·ª≈ß
·≈– àßº≈µàÕ§ÿ≥ ¡∫—µ‘µà“ßÊ ‡™àπ  ¡∫—µ‘∑“ß‰øøÑ“∑’Ë¥’¢÷Èπ [1] ‡À¡“– ¡µàÕ°“√π”‰ªª√–¬ÿ°µå„™âß“πµàÕ‰ª

„πªï 2004 Tohsophon ·≈–§≥– ‰¥â»÷°…“§ÿ≥ ¡∫—µ‘∑“ß‰øøÑ“¢Õß‡´√“¡‘° å ZnO ∑’Ë‡®◊Õ
¥â«¬Õ≈Ÿ¡‘‡π’¬¡ÕÕ°‰´¥å (aluminium oxide: Al2O3) æ∫«à“ ZnO ∑’Ë‡®◊Õ¥â«¬ Al2O3 (AZO) ¡’§ÿ≥ ¡∫—µ‘
∑“ß‰øøÑ“‡ª≈’Ë¬π·ª≈ßµ“¡ª√‘¡“≥°“√‡®◊Õ Al2O3 ‚¥¬ª√‘¡“≥°“√‡®◊Õ∑’ËπâÕ¬°«à“ 2 mol% „Àâ§à“°“√π”‰øøÑ“∑’Ë¥’
‚¥¬ Ÿß∂÷ß 120 S/m ‡¡◊ËÕ‡®◊Õ¥â«¬ Al2O3 0.3 mol% ·≈–„Àâ‡°‘¥°“√‡¬Áπµ—«Õ¬à“ß√«¥‡√Á« ·µà∂â“ª√‘¡“≥°“√
‡®◊Õ Al2O3 ¡“°°«à“ 2 mol% §à“°“√π”‰øøÑ“¡’·π«‚πâ¡≈¥≈ß [2] ÷́Ëß Õ¥§≈âÕß°—∫º≈°“√»÷°…“¢Õß
Yongheng ·≈– Juan „πªï 2006 ∑’Ë‰¥â»÷°…“‚§√ß √â“ß®ÿ≈¿“§·≈–°“√π”‰øøÑ“¢Õß‡´√“¡‘° å ZnO
‡®◊Õ¥â«¬ Al2O3 æ∫«à“ ‡´√“¡‘° å AZO „Àâ§à“§«“¡µâ“π∑“π‰øøÑ“µË”≈ß·≈–‡°√π (grain) ¡’¢π“¥„À≠à¢÷Èπ
´÷Ëß‡´√“¡‘° å∑’Ë‰¥â¡’§à“°“√π”‰øøÑ“∑’Ë¥’¢÷Èπ [3]

πÕ°®“°π—Èπ ¡’°“√π” “√∫“ß™π‘¥∑’Ë¡’®ÿ¥À≈Õ¡‡À≈«µË”¡“‡µ‘¡≈ß„π‡´√“¡‘° å ‡æ◊ËÕ∑”„Àâ‡°‘¥√Ÿæ√ÿπ
„π‚§√ß √â“ß ‡π◊ËÕß®“° “√∑’Ë¡’®ÿ¥À≈Õ¡‡À≈«µË”®–√–‡À‘¥‰ª„π√–À«à“ß°“√‡º“ºπ÷°∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ®÷ß∑”„Àâ‡°‘¥
√Ÿæ√ÿπ¢÷Èπ„π‡´√“¡‘° å ´÷Ëß Zhang ·≈–§≥– (2006) ‰¥â»÷°…“æ∫«à“ ‡¡◊ËÕπ”°√¥ ‡µ’¬√‘° (stearic acid: SA)
·≈–‚æ≈’‡¡∑‘≈‡¡∑“‰§√‡≈µ (polymethylmethacrylate: PMMA) ‡®◊Õ„π‡´√“¡‘° å PZT (lead zirconium
titanate) ®–∑”„Àâ‡°‘¥√Ÿæ√ÿπ´÷Ëß àßº≈µàÕ ¡∫—µ‘∑“ß‰øøÑ“¢Õß‡´√“¡‘° å PZT [4]

ªí®®ÿ∫—π¡’°“√π”‡´√“¡‘° å¡“ª√–¬ÿ°µå„™âß“π°—πÕ¬à“ß·æ√àÀ≈“¬ ‡™àπ »Ÿπ¬å‡∑§‚π‚≈¬’‚≈À–·≈–
«— ¥ÿ·Ààß™“µ‘ (MTEC) ‰¥â»÷°…“·≈–∑”°“√«‘®—¬∑“ß¥â“π‡´≈≈å‡™◊ÈÕ‡æ≈‘ß¢Õß·¢ÁßÕÕ°‰´¥å (Solid oxide fuel
cell: SOFC) ´÷Ëß„Àâæ≈—ßß“π∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß·≈–ª√“»®“°¡≈æ‘… ®÷ß‡ªìπ∑“ß‡≈◊Õ°∑’Ë¥’‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
°—∫‡™◊ÈÕ‡æ≈‘ßÕ◊ËπÊ ‚¥¬°“√π”¢Õß ¥√.¿“«¥’†Õ—ß§å«—≤π– √à«¡°—∫Àπà«¬ß“πµà“ßÊ ∑—Èß¿“§√—∞·≈–¿“§‡Õ°™π
‰¥â®—¥∑”‚§√ß°“√«‘®—¬·≈–æ—≤π“Àπà«¬µâπ·∫∫¢π“¥ 1-3 kW º≈‘µ‰øøÑ“®“°‡´≈≈å‡™◊ÈÕ‡æ≈‘ß™π‘¥ SOFC
 ”À√—∫‡ªìπ‡§√◊ËÕß°”‡π‘¥‰øøÑ“„π∫â“π·≈–™ÿ¡™π (1-3 kW Tubular SOFC Stack for Household
Distributed Generator) [5] ¢—È«‰øøÑ“·§‚∑¥¢Õß SOFC ‡ªìπ‡´√“¡‘° åÕ’°™π‘¥Àπ÷Ëß∑’ËµâÕß¡’§ÿ≥ ¡∫—µ‘π”
‰øøÑ“‰¥â¥’·≈–¡’§«“¡‡ªìπ√Ÿæ√ÿπ ‚¥¬ªí®®ÿ∫—ππ‘¬¡„™â “√„πµ√–°Ÿ≈‡æÕ√Õø ‰°µå (Perovskites) ¡“‡ªìπ¢—È«‰øøÑ“
°“√ª√–¬ÿ°µå„™â‡ªìπ¢—È«‰øøÑ“π’ÈµâÕß§”π÷ß∂÷ßªí®®—¬À≈“¬Õ¬à“ß ‡™àπ §ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß “√µ—Èßµâπ
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§ÿ≥ ¡∫—µ‘°“√π”‰øøÑ“ ‚§√ß √â“ß®ÿ≈¿“§ ·≈–°“√‡ª≈’Ë¬π·ª≈ß√–À«à“ß‡°‘¥ªÆ‘°‘√‘¬“ [6] ªí®®ÿ∫—π¡’°“√
æ—≤π“‡´√“¡‘° å‡æ◊ËÕπ”¡“∑”‡ªìπ¢—È«‰øøÑ“ SOFC Õ¬à“ßµàÕ‡π◊ËÕß ‡™àπ Hrovat ·≈–§≥– (1996) ‰¥â»÷°…“
§ÿ≥ ¡∫—µ‘¢Õß·≈π∑“‡π’¬¡π‘°‡°‘≈‚§∫Õ≈µåÕÕ°‰´¥å (LaNi1-x CoxO3) ‡æ◊ËÕπ”‰ª∑”¢—È«‰øøÑ“·§‚∑¥¢Õß
SOFC ‚¥¬¡’‡´Õ√å‚§‡π’¬¡ (zirconium) ∑’Ë‡®◊Õ¥â«¬¬‘‡∑’¬¡ (yttrium) ‡ªìπÕ‘‡≈Á°‚∑√‰≈µå [7]

‡´√“¡‘° å AZO ‡ªìπ‡´√“¡‘° å∑’Ëπ”‰øøÑ“ ¥—ßπ—Èπ °“√π”‡´√“¡‘° å AZO ¡“‡®◊Õ¥â«¬ SA ‡æ◊ËÕ
∑”„Àâ‡°‘¥√Ÿæ√ÿππà“®–‡ªìπÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß„π°“√ª√–¬ÿ°µå„™âß“π‡ªìπ¢—È«‰øøÑ“·§‚∑¥¢Õß SOFC «—µ∂ÿª√– ß§å
¢Õßß“π«‘®—¬π’ÈµâÕß°“√»÷°…“ ¡∫—µ‘°“√π”‰øøÑ“·≈–§«“¡‡ªìπ√Ÿæ√ÿπ¢Õß‡´√“¡‘° å AZO ∑’Ë‡®◊Õ¥â«¬ SA „π
ª√‘¡“≥·≈–Õÿ≥À¿Ÿ¡‘°“√‡º“ºπ÷° (sintering) ∑’Ë·µ°µà“ß°—π ®“°π—Èππ”¡“»÷°…“‚§√ß √â“ß®ÿ≈¿“§ ‚§√ß √â“ß
º≈÷°·≈– ¡∫—µ‘∑“ß‰øøÑ“ ‡æ◊ËÕ„Àâ‰¥âµ—«Õ¬à“ß∑’Ë‡À¡“– ¡‡ªìπ·π«∑“ß„π°“√ª√–¬ÿ°µå„™â‡ªìπ¢—È«‰øøÑ“„π‡´≈≈å
‡™◊ÈÕ‡æ≈‘ß¢Õß·¢ÁßÕÕ°‰´¥åµàÕ‰ª

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß
„πß“π«‘®—¬‰¥â„™â´‘ß§åÕÕ°‰´¥å (ZnO) §«“¡∫√‘ ÿ∑∏‘Ï 99.9% Õ≈Ÿ¡‘‡π’¬¡ÕÕ°‰´¥å (Al2O3)

§«“¡∫√‘ ÿ∑∏‘Ï 99.99% ·≈–°√¥ ‡µ’¬√‘° (stearic acid: SA) ‡ªìπ “√µ—Èßµâπ ‚¥¬ à«πº ¡¢Õßµ—«Õ¬à“ß‡ªìπ
(100-x) AZO + x SA ‡¡◊ËÕ x ‡∑à“°—∫ 0, 1, 5, 10 ·≈– 25 wt% µ“¡≈”¥—∫ µ—«Õ¬à“ß∂Ÿ°‡µ√’¬¡¥â«¬«‘∏’
º ¡ÕÕ°‰´¥å·∫∫¥—Èß‡¥‘¡ (conventional mixed oxide method) [8] π” à«πº ¡∑—ÈßÀ¡¥‡µ‘¡‡Õ∏“πÕ≈
‡ªìπµ—«°≈“ß ®“°π—Èππ”‰ªÀ¡ÿπ∫¥µàÕ‡π◊ËÕß‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß π” à«πº ¡¡“∑”„Àâ·Àâß ·≈â«¢÷Èπ√ŸªÕ—¥‡ªìπ
‡¡Á¥¬“‚¥¬¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß¢Õß‡¡Á¥¡’§à“ 15 ¡‘≈≈‘‡¡µ√ Àπ“ 4.0 ¡‘≈≈‘‡¡µ√ π”µ—«Õ¬à“ß∑’Ë‰¥â‰ª
‡º“ºπ÷°∑’ËÕÿ≥À¿Ÿ¡‘ 1,000, 1,100 ·≈– 1,200 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß À≈—ß®“°‡º“ºπ÷°π”
‡´√“¡‘° å∑’Ë‰¥â‰ª¢—¥„Àâ¢÷Èπ‡ß“¥â«¬°√–¥“…∑√“¬πÈ”‡∫Õ√å 400, 800, 1,000 ·≈– 1,200 µ“¡≈”¥—∫ ‚¥¬„Àâ
µ—«Õ¬à“ß¡’§«“¡Àπ“ 2.5 ¡‘≈≈‘‡¡µ√ ®“°π—Èπ∑”¢—È«‰øøÑ“‚¥¬°“√∑“°“«‡ß‘π∫√‘‡«≥æ◊Èπº‘«∑—Èß Õß¥â“π¢Õß
µ—«Õ¬à“ß·≈–π”‰ª‡º“∑’ËÕÿ≥À¿Ÿ¡‘ 600 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 15 π“∑’ π”µ—«Õ¬à“ß‰ª«—¥°√–· ‰øøÑ“·≈–
§«“¡µà“ß»—°¬å¥â«¬¡—≈µ‘¡‘‡µÕ√å (√ÿàπ DM-879, Õ‘π‡∑≈‡≈°´å) ·≈–‡§√◊ËÕß®à“¬°√–· ‰øøÑ“µ√ß (√ÿàπ ITL-1043,
Õ‘π‡∑≈‡≈°´å) »÷°…“‚§√ß √â“ßº≈÷°‚¥¬„™â‡∑§π‘§°“√‡≈’È¬«‡∫π√—ß ’‡Õä°´å (X-ray diffraction: XRD)
»÷°…“‚§√ß √â“ß®ÿ≈¿“§‚¥¬„™â°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ (Scanning electron microscope:
SEM) «—¥§à“§«“¡Àπ“·πàπ·≈–√Ÿæ√ÿπ‡ªî¥‚¥¬„™â‡∑§π‘§Õ“√å§’¡‘¥‘  (Archimedes method)
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º≈°“√∑¥≈Õß
≈—°…≥–∑“ß°“¬¿“æ

®“°√Ÿª∑’Ë 1 · ¥ßÕÿ≥À¿Ÿ¡‘°“√‡º“ºπ÷°∑’Ë¡’º≈µàÕ§«“¡Àπ“·πàπ¢Õß‡¡Á¥‡´√“¡‘° åæ∫«à“µ—«Õ¬à“ß
∑—ÈßÀ¡¥¡’§«“¡Àπ“·πàπ√–À«à“ß 3.2-4.5 g/cm3 ‚¥¬µ—«Õ¬à“ß∑’Ë¡’Õÿ≥À¿Ÿ¡‘‡º“ºπ÷° Ÿß®–¡’§«“¡Àπ“·πàπ
 Ÿß¢÷Èπµ“¡≈”¥—∫ ´÷Ëß Õ¥§≈âÕß°—∫º≈°“√»÷°…“¢Õß Castro ·≈– Aldao (1998) [9] ´÷Ëß√“¬ß“π«à“Õÿ≥À¿Ÿ¡‘
°“√‡º“ºπ÷°∑’Ë Ÿß¢÷Èπ àßº≈„Àâ¢π“¥¢Õß‡°√π·≈–§«“¡Àπ“·πàπ¢Õß‡´√“¡‘° å ZnO  Ÿß¢÷Èπ ‡æ√“–‡°‘¥°“√ºπ÷°
‡™◊ËÕ¡µ‘¥°—π√–À«à“ß¢Õ∫‡°√π∑”„Àâ™àÕß«à“ß√–À«à“ß‡°√πÀ“¬‰ª·≈–√Õ¬µàÕ√–À«à“ß‡°√π≈¥≈ß àßº≈„Àâ¡’
§«“¡Àπ“·πàπ‡æ‘Ë¡¢÷Èπ µ—«Õ¬à“ß∑’Ë¡’°“√‡®◊Õ SA „πª√‘¡“≥πâÕ¬Ê (1-5 wt%) ¡’§«“¡Àπ“·πàπ Ÿß°«à“
µ—«Õ¬à“ß∑’Ë‰¡à‰¥â‡®◊Õ SA „π¢≥–∑’Ëµ—«Õ¬à“ß∑’Ë¡’°“√‡®◊Õ SA „πª√‘¡“≥¡“° (10-25 wt%) ¡’§«“¡Àπ“·πàπ
πâÕ¬≈ß

 ”À√—∫º≈¢ÕßÕÿ≥À¿Ÿ¡‘‡º“ºπ÷°∑’Ë¡’µàÕ°“√À¥µ—«¢Õß‡´√“¡‘° å· ¥ß¥—ß√Ÿª∑’Ë 2 ‚¥¬æ∫«à“∑’Ë
Õÿ≥À¿Ÿ¡‘‡º“ºπ÷° 1,000 Õß»“‡´≈‡ ’́¬  µ—«Õ¬à“ß∑’Ë¡’°“√‡®◊Õ SA ª√‘¡“≥πâÕ¬°«à“ 25 wt% ¡’‡ªÕ√å‡´Áπµå
À¥µ—«„°≈â‡§’¬ß°—∫‡´√“¡‘° å∑’Ë‰¡à‰¥â‡®◊Õ SA ‚¥¬Õ¬Ÿà„π™à«ß 5-9% ·µà‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡º“ºπ÷° Ÿß¢÷Èπ∂÷ß 1200
Õß»“‡´≈‡ ’́¬  ª√‘¡“≥ “√‡®◊Õ∑’Ë¡“°¢÷Èπ®–∑”„Àâµ—«Õ¬à“ß¡’‡ªÕ√å‡´ÁπµåÀ¥µ—«πâÕ¬≈ßµ“¡≈”¥—∫ „π¢≥–∑’Ë
µ—«Õ¬à“ß∑’Ë¡’°“√‡®◊Õ SA ∑’Ë 25 wt% ‡º“ºπ÷°∑’ËÕÿ≥À¿Ÿ¡‘ 1,000 Õß»“‡´≈‡ ’́¬  ¡’‡ªÕ√å‡´Áπµå°“√À¥µ—« Ÿß
∂÷ß 14% ·≈–‡æ‘Ë¡¡“°¢÷Èπ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡º“ºπ÷°‡ªìπ 1,200 Õß»“‡´≈‡´’¬  ∑—Èßπ’È‡π◊ËÕß®“°‡¡◊ËÕ‡®◊Õ SA „π
µ—«Õ¬à“ßª√‘¡“≥¡“° ‡¡◊ËÕπ”‰ª‡º“ºπ÷°®÷ß¡’ SA √–‡À‘¥‰ª®”π«π¡“° ‡π◊ËÕß®“° SA ¡’®ÿ¥À≈Õ¡‡À≈«µË”
®÷ß∑”„Àâµ—«Õ¬à“ß¡’‡ªÕ√å‡´Áπµå°“√À¥µ—« Ÿß

√Ÿª∑’Ë 1 · ¥ß§«“¡Àπ“·πàπ¢Õß‡´√“¡‘° å AZO ‡®◊Õ¥â«¬ SA „πª√‘¡“≥ 0, 1, 5, 10 ·≈– 25 wt%
‡º“ºπ÷°∑’ËÕÿ≥À¿Ÿ¡‘ 1,000, 1,100 ·≈– 1,200 Õß»“‡´≈‡´’¬  µ“¡≈”¥—∫
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‚§√ß √â“ß®ÿ≈¿“§

‚§√ß √â“ß®ÿ≈¿“§¢Õß‡´√“¡‘° å∑’Ë‰¥â®“°°≈âÕßÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥· ¥ß¥—ß√Ÿª∑’Ë 3 ‚¥¬æ∫
«à“°“√‡®◊Õ SA „π‡´√“¡‘° å AZO ª√‘¡“≥πâÕ¬Ê ¢π“¥¢Õß‡°√π®–‡æ‘Ë¡¢÷Èπµ“¡≈”¥—∫ ‚¥¬®–¡’¢π“¥„À≠à ÿ¥
‡¡◊ËÕª√‘¡“≥ “√‡®◊Õ SA ‡ªìπ 5 wt% ·µà‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥°“√‡®◊Õ SA ¡“°¢÷Èπ°≈—∫æ∫«à“¢π“¥¢Õß‡°√π
‡≈Á°≈ß Õ¬à“ß‰√°Áµ“¡ ¬—ß¡’¢π“¥„À≠à°«à“‡´√“¡‘° å∑’Ë‰¡à‰¥â‡®◊Õ SA ‚¥¬º≈°“√‡®◊Õ SA ∑’ËÕÿ≥À¿Ÿ¡‘‡º“ºπ÷°
µà“ßÊ ∑’Ë¡’µàÕ¢π“¥¢Õß‡°√π‡´√“¡‘° å Õ¥§≈âÕß°—π∑—ÈßÀ¡¥¥—ß√Ÿª∑’Ë 4

°“√‡®◊Õ SA „πª√‘¡“≥¡“°¢÷Èπ àßº≈„Àâ‡°√π¡’¢π“¥„À≠à¢÷Èπ·≈–®”π«π√Ÿæ√ÿπ≈¥≈ßÕ—π‡π◊ËÕß¡“
®“°°“√‡™◊ËÕ¡µàÕ°—π¢Õß‡°√π ‚¥¬µ—«Õ¬à“ß∑—ÈßÀ¡¥¡’√Ÿæ√ÿπ‡ªî¥√–À«à“ß 16 - 33% ¥—ß√Ÿª∑’Ë 5 ´÷Ëßæ∫«à“ µ—«Õ¬à“ß
®–¡’√Ÿæ√ÿπ‡ªî¥≈¥≈ß‡¡◊ËÕÕÿ≥À¿Ÿ¡‘°“√‡º“ºπ÷° Ÿß¢÷Èπ ‡æ√“–Õÿ≥À¿Ÿ¡‘°“√‡º“ºπ÷°∑’Ë Ÿß¢÷Èπ àßº≈„Àâ‡°‘¥°“√
À≈Õ¡∑’Ë∫√‘‡«≥¢Õ∫‡°√π®÷ß‡°‘¥°“√‡™◊ËÕ¡µàÕ√–À«à“ß¢Õ∫‡°√π∑”„Àâ√Ÿæ√ÿπ∑’Ë‡§¬æ∫√–À«à“ß‡°√πÀ“¬‰ª
 à«πº≈¢Õßª√‘¡“≥ “√‡®◊Õ SA µàÕ√Ÿæ√ÿπ‡ªî¥¢Õßµ—«Õ¬à“ßæ∫«à“ ∑’ËÕÿ≥À¿Ÿ¡‘‡º“ºπ÷° 1,000 Õß»“‡´≈‡´’¬ 
·≈– 1,100 Õß»“‡´≈‡ ’́¬  °“√‡®◊Õ SA „π‡´√“¡‘° å AZO ª√‘¡“≥‡≈Á°πâÕ¬ (1-5 wt%) ∑”„Àâ√Ÿæ√ÿπ‡ªî¥
¢Õßµ—«Õ¬à“ß≈¥≈ß ·µà‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥ “√‡®◊Õ SA ¡“°¢÷Èπ°≈—∫æ∫«à“ª√‘¡“≥ “√‡®◊Õ∑’Ë‡æ‘Ë¡¢÷Èπ‰¡à àßº≈µàÕ
®”π«π√Ÿæ√ÿπ‡ªî¥¢Õßµ—«Õ¬à“ß ´÷Ëß —ß‡°µ‰¥â®“°°“√∑’Ë§à“®”π«π√Ÿæ√ÿπ‡ªî¥„°≈â‡§’¬ß°—∫‡´√“¡‘° å AZO ∑’Ë‰¡à¡’
°“√‡®◊Õ „π¢≥–∑’ËÕÿ≥À¿Ÿ¡‘‡º“ºπ÷° Ÿß¢÷Èπ‡ªìπ 1,200 Õß»“‡´≈‡´’¬  ª√‘¡“≥ “√‡®◊Õ SA ∑’Ë‡æ‘Ë¡¢÷Èπ∂÷ß 10 wt%
∑”„Àâ‡°‘¥√Ÿæ√ÿπ‡ªî¥‡æ‘Ë¡¢÷Èπ ·µà‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥ “√‡®◊Õ SA  Ÿß∂÷ß 25 wt% °≈—∫∑”„Àâ®”π«π√Ÿæ√ÿπ‡ªî¥
≈¥≈ß∂÷ß 16% ´÷Ëß‡ªìπ§à“µË” ÿ¥ ‚¥¬ Õ¥§≈âÕß°—∫‡ªÕ√å‡´Áπµå°“√À¥µ—«´÷Ëß¡’§à“¡“°∑’Ë ÿ¥

√Ÿª∑’Ë 2 · ¥ß°“√À¥µ—«¢Õß‡´√“¡‘° å AZO ‡®◊Õ¥â«¬ SA „πª√‘¡“≥ 0, 1, 5, 10 ·≈– 25 wt%
‡º“ºπ÷°∑’ËÕÿ≥À¿Ÿ¡‘ 1,000, 1,100 ·≈– 1,200 Õß»“‡´≈‡´’¬  µ“¡≈”¥—∫
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√Ÿª∑’Ë 3 · ¥ß®”π«π√Ÿæ√ÿπ‡ªî¥¢Õß‡´√“¡‘° å AZO ‡®◊Õ¥â«¬ SA „πª√‘¡“≥ 0, 1, 5, 10 ·≈– 25 wt%
‡º“ºπ÷°∑’ËÕÿ≥À¿Ÿ¡‘ 1,200 Õß»“‡´≈‡´’¬ 
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√Ÿª∑’Ë 4 · ¥ß¢π“¥¢Õß‡°√π¢Õß‡´√“¡‘° å AZO ‡®◊Õ¥â«¬ SA „πª√‘¡“≥ 0, 1, 5, 10 ·≈– 25 wt%
‡º“ºπ÷°∑’ËÕÿ≥À¿Ÿ¡‘ 1,000, 1,100 ·≈– 1,200 Õß»“‡´≈‡´’¬  µ“¡≈”¥—∫

√Ÿª∑’Ë 5 · ¥ß√Ÿæ√ÿπ‡ªî¥¢Õß‡´√“¡‘° å AZO ‡®◊Õ¥â«¬ SA „πª√‘¡“≥ 0, 1, 5, 10 ·≈– 25 wt%
‡º“ºπ÷°∑’ËÕÿ≥À¿Ÿ¡‘ 1,000, 1,100 ·≈– 1,200 Õß»“‡´≈‡´’¬  µ“¡≈”¥—∫
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‚§√ß √â“ßº≈÷°

º≈°“√µ√«® Õ∫‚§√ß √â“ßº≈÷°¥â«¬‡∑§π‘§°“√‡≈’È¬«‡∫π√—ß ’‡ÕÁ°´‡√¬å¥—ß√Ÿª∑’Ë 6 æ∫«à“µ—«Õ¬à“ß
∑—ÈßÀ¡¥¡’‚§√ß √â“ßº≈÷°‡ªìπ‡Œ°´–‚°πÕ≈·∫∫‡«‘∑∏å‰´∑å (JCPDS file No. 36-1451) ‚¥¬ª√‘¡“≥ “√‡®◊Õ
·≈–Õÿ≥À¿Ÿ¡‘‡º“ºπ÷°‰¡à àßº≈µàÕ‚§√ß √â“ßº≈÷°¢Õßµ—«Õ¬à“ß

 ¡∫—µ‘∑“ß‰øøÑ“

®“°√Ÿª∑’Ë 7 · ¥ß§à“°“√π”‰øøÑ“¢Õßµ—«Õ¬à“ß∑’Ë‡®◊Õ¥â«¬ SA „πª√‘¡“≥·≈–°“√‡º“ºπ÷°∑’Ë·µ°
µà“ß°—πæ∫«à“ ∑’ËÕÿ≥À¿Ÿ¡‘‡º“ºπ÷° 1,000 Õß»“‡´≈‡´’¬  §à“°“√π”‰øøÑ“¢Õßµ—«Õ¬à“ß·µ°µà“ß°—π¢÷Èπ°—∫
ª√‘¡“≥ “√‡®◊Õ´÷Ëß¡’§à“√–À«à“ß 0.01-0.59 Ω›1cm›1 µ—«Õ¬à“ß∑’Ë‡®◊Õ¥â«¬ SA ‡°◊Õ∫∑ÿ°µ—«Õ¬à“ß„Àâ§à“°“√π”
‰øøÑ“∑’Ë¥’¢÷Èπ®“°µ—«Õ¬à“ß∑’Ë‰¡à‰¥â‡®◊Õ SA ¬°‡«âπµ—«Õ¬à“ß∑’Ë‡®◊Õ¥â«¬ SA „πª√‘¡“≥ 5 wt% ÷́Ëß· ¥ß§«“¡
‡ªìπ©π«π ‡¡◊ËÕ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘‡º“ºπ÷°‡ªìπ 1,100 Õß»“‡´≈‡ ’́¬  §à“°“√π”‰øøÑ“®“°µ—«Õ¬à“ß∑’Ë‡®◊Õ¥â«¬ SA
∑ÿ°µ—«Õ¬à“ß¡’§à“ Ÿß°«à“µ—«Õ¬à“ß∑’Ë‰¡à‰¥â‡®◊Õ SA ´÷Ëß Õ¥§≈âÕß°—∫¢π“¥¢Õß‡°√π∑’Ë‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ¡’°“√‡®◊Õ SA
„πµ—«Õ¬à“ß ‚¥¬µ—«Õ¬à“ß∑’Ë‡®◊Õ¥â«¬ SA „πª√‘¡“≥ 1 wt% ¡’°“√π”‰øøÑ“¥’∑’Ë ÿ¥ (0.5 Ω›1cm›1) ‡¡◊ËÕ‡æ‘Ë¡
Õÿ≥À¿Ÿ¡‘‡º“ºπ÷°‡ªìπ 1,200 Õß»“‡´≈‡´’¬  µ—«Õ¬à“ß∑’Ë‡®◊Õ¥â«¬ SA „πª√‘¡“≥πâÕ¬°«à“ 25 wt% ¡’§à“
°“√π”‰øøÑ“„°≈â‡§’¬ß°—∫µ—«Õ¬à“ß∑’Ë‰¡à‰¥â‡®◊Õ SA ‚¥¬Õ¬Ÿà„π™à«ß 0.4-0.5 Ω›1cm›1 ‡π◊ËÕß®“°Õÿ≥À¿Ÿ¡‘‡º“ºπ÷°
∑’Ë Ÿß¢÷Èπ àßº≈„Àâ¡’·√ß¢—∫‡§≈◊ËÕπ‡æ◊ËÕ„Àâµ—«Õ¬à“ßÀ≈Õ¡µ—«¡“°¬‘Ëß¢÷Èπ ®”π«π√Ÿæ√ÿπ≈¥≈ß·≈–‡°√π¡’¢π“¥„À≠à
°“√π”‰øøÑ“®÷ß¥’¢÷Èπ ·µà‡ªìπ∑’Ëπà“ —ß‡°µ«à“·π«‚πâ¡°“√π”‰øøÑ“¢Õßµ—«Õ¬à“ß∑’Ë‡®◊Õ¥â«¬ SA 25 wt% ≈¥≈ß
‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡º“ºπ÷°‡æ‘Ë¡¢÷Èπ

√Ÿª∑’Ë 6 · ¥ß√Ÿª·∫∫°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡ÕÁ°´å¢Õß‡´√“¡‘° å AZO ‡®◊Õ¥â«¬ SA „πª√‘¡“≥ 0, 1, 5, 10
·≈– 25 wt% ‡º“ºπ÷°∑’ËÕÿ≥À¿Ÿ¡‘ 1,100 Õß»“‡´≈‡ ’́¬  µ“¡≈”¥—∫
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 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
®“°º≈°“√∑¥≈Õßæ∫«à“‡´√“¡‘° å AZO ‡®◊Õ¥â«¬ SA „πª√‘¡“≥·≈–‡º“ºπ÷°∑’ËÕÿ≥À¿Ÿ¡‘µà“ß°—π

„Àâ§à“°“√π”‰øøÑ“·≈–√Ÿæ√ÿπ‡ªî¥·µ°µà“ß°—π ‚¥¬µ—«Õ¬à“ß∑—ÈßÀ¡¥· ¥ß‚§√ß √â“ß‡Œ°´–‚°πÕ≈·∫∫‡«‘∑∏å‰´∑å
´÷Ëß°“√‡®◊Õ SA „πµ—«Õ¬à“ß‰¡à¡’º≈µàÕ‚§√ß √â“ß¢Õß‡´√“¡‘° å ‡π◊ËÕß®“° SA ¡’®ÿ¥À≈Õ¡‡À≈«µË” ‡¡◊ËÕπ”
µ—«Õ¬à“ß‰ª‡º“ºπ÷°∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß SA ®–√–‡À‘¥‰ª·≈–∑‘Èß√Ÿæ√ÿπ‰«â ‚¥¬ ¡∫—µ‘∑“ß‰øøÑ“¢Õß‡´√“¡‘° å¢÷ÈπÕ¬Ÿà
°—∫§«“¡Àπ“·πàπ¢Õß‡´√“¡‘° å·≈–®”π«π√Ÿæ√ÿπ∑’Ë‡°‘¥¢÷Èπ ‚¥¬°“√‡®◊Õ SA „πª√‘¡“≥πâÕ¬°«à“À√◊Õ‡∑à“°—∫
10 wt% µ—«Õ¬à“ß®–„Àâ§à“°“√π”‰øøÑ“∑’Ë¥’·≈–§«“¡Àπ“·πàπ Ÿß‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡º“ºπ÷°‡æ‘Ë¡¢÷Èπ ¢≥–∑’Ë°“√‡®◊Õ
SA „πª√‘¡“≥¡“°∂÷ß 25 wt% §à“°“√π”‰øøÑ“¢Õßµ—«Õ¬à“ß°≈—∫≈¥≈ß‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡º“ºπ÷°‡æ‘Ë¡¢÷Èπ
´÷Ëß Õ¥§≈âÕß°—∫¢π“¥¢Õß‡°√π∑’Ë‡æ‘Ë¡¡“°¢÷Èπµ“¡ª√‘¡“≥ “√‡®◊Õ ·µà°≈—∫≈¥≈ß‡¡◊ËÕª√‘¡“≥ “√‡®◊Õ¡“°‡°‘π‰ª
∑—Èßπ’È‡æ√“–ª√‘¡“≥ “√‡®◊Õ∑’Ë¡“°‡°‘π‰ªπ—Èπ àßº≈µàÕ·√ß¢—∫‡§≈◊ËÕπ√–À«à“ß°“√‡º“ºπ÷°„Àâ≈¥≈ß ÷́Ëß¡’º≈∑”„Àâ
§ÿ≥ ¡∫—µ‘∑“ß‰øøÑ“≈¥≈ß¥â«¬ ‚¥¬µ—«Õ¬à“ß∑’Ë¡’°“√π”‰øøÑ“∑’Ë¥’ §«“¡Àπ“·πàπ·≈–√Ÿæ√ÿπ Ÿß§◊Õ µ—«Õ¬à“ß∑’Ë‡®◊Õ
SA 10 wt% ·≈–‡º“ºπ÷°∑’ËÕÿ≥À¿Ÿ¡‘ 1,200 Õß»“‡´≈‡ ’́¬ 

√Ÿª∑’Ë 7 · ¥ß§à“°“√π”‰øøÑ“¢Õß‡´√“¡‘° å AZO ‡®◊Õ¥â«¬ SA „πª√‘¡“≥ 0, 1, 5, 10 ·≈– 25 wt%
‡º“ºπ÷°∑’ËÕÿ≥À¿Ÿ¡‘ 1,000, 1,100 ·≈– 1,200 Õß»“‡´≈‡´’¬  µ“¡≈”¥—∫



«“√ “√«‘∑¬“»“ µ√å ¡»« ªï∑’Ë 25 ©∫—∫∑’Ë 2 (2552) 89

°‘µµ‘°√√¡ª√–°“»
ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ º».∫—≠™“ »‘≈ªá °ÿ≈ ÿ¢ ∑’Ë‰¥â‡ ’¬ ≈–‡«≈“Õ—π¡’§à“‡æ◊ËÕ„Àâ§”ª√÷°…“·≈–

¢âÕ‡ πÕ·π–µà“ßÊ ∑’Ë‡ªìπª√–‚¬™πå„π°“√∑”ß“π«‘®—¬π’È ¢Õ¢Õ∫§ÿ≥¿“§«‘™“«‘∑¬“»“ µ√å∑—Ë«‰ª ¡À“«‘∑¬“≈—¬
»√’π§√‘π∑√«‘‚√≤ ∑’Ë‡Õ◊ÈÕ‡øóôÕ„Àâ„™âÀâÕßªØ‘∫—µ‘°“√∑”°“√À¡ÿπ∫¥ “√ ¢Õ¢Õ∫§ÿ≥ §ÿ≥≥—∞¬“ µä–«‘‰™¬ ∑’Ë§Õ¬
„Àâ§”ª√÷°…“°“√„™â‚ª√·°√¡ÕÕ√‘®‘π (Origin program) ¢Õ¢Õ∫§ÿ≥Õ“®“√¬å·≈–‡®â“Àπâ“∑’ËÀâÕßªØ‘∫—µ‘°“√
Õ‘‡≈Á§‚∑√‡´√“¡‘° å ¿“§«‘™“øî ‘° å ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à ∑’Ë‡Õ◊ÈÕ‡øóôÕ ∂“π∑’Ë„ÀâΩñ°∑”°“√∑¥≈Õß°“√‡µ√’¬¡
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