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The effect of heating/cooling rate on the physical, microstructural and dielectric properties of BaTiO
3

ceramics has been studied. The heating/cooling rate using in this work is ranged from 10 to 20ºC/min at

sintering temperature of 1350ºC for 2 hours. It was found that the physical properties of the barium titanate

ceramics using heating/cooling rate of 20ºC/min gave a higher value of percent shrinkage and density than

that of 10 and 15ºC/min. From the dielectric constant measurement, the maximum dielectric constant depended

very much on the heating/cooling rates. The maximum dielectric constant of the ceramics using heating/

cooling rate of 20ºC/min was higher that that of 10 and 15ºC/min. Hence, the small grain size and high

density of the ceramics using high heating/cooling rate may have an influence on the value of maximum

dielectric properties of the BaTiO
3
 ceramics.
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ß“π«‘®—¬π’È‰¥â∑”°“√»÷°…“º≈¢ÕßÕ—µ√“°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘„π°“√‡º“∑’Ë¡’µàÕ ¡∫—µ‘µà“ßÊ Õ“∑‘‡™àπ  ¡∫—µ‘

∑“ß°“¬¿“æ  ¡∫—µ‘∑“ß®ÿ≈¿“§ ·≈– ¡∫—µ‘∑“ß‰¥Õ‘‡≈Á°µ√‘° ¢Õß‡´√“¡‘°·∫‡√’¬¡µ‘µ“‡πµ ®“°°“√∑¥≈Õß‡º“ “√

‡´√“¡‘° „πÕ—µ√“°“√¢÷Èπ-≈ßµà“ßÊ °—πµ—Èß·µà 10 ∂÷ß 20
o
C/π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘´‘π‡µÕ√å 1350

o
C ‚¥¬„™â‡«≈“°“√‡º“·™à∑’Ë

Õÿ≥À¿Ÿ¡‘´‘π‡µÕ√å 2 ™—Ë«‚¡ß æ∫«à“ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß‡´√“¡‘°·∫‡√’¬¡µ‘µ“‡πµ∑’Ëºà“π°“√‡º“‚¥¬„™â¡’Õ—µ√“°“√

¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ 20
o
C/π“∑’ ®–¡’§à“§«“¡À¥µ—«·≈–§à“§«“¡Àπ“·πàπ Ÿß∑’Ë ÿ¥ ®“°°“√»÷°…“«—¥§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°

æ∫«à“Õ—µ√“°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘¡’º≈µàÕ§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘° ‚¥¬∑’Ë “√‡´√“¡‘°∑’Ëºà“π°“√‡º“‚¥¬„™âÕ—µ√“°“√¢÷Èπ-≈ß

¢ÕßÕÿ≥À¿Ÿ¡‘‡∑à“°—∫ 20
o
C/π“∑’ ®–„Àâ§à“‰¥Õ‘‡≈Á°µ√‘° Ÿß ÿ¥‰¥â¡“°°«à“ “√‡´√“¡‘°∑’Ëºà“π°“√‡º“‚¥¬„™âÕ—µ√“°“√¢÷Èπ-≈ß

¢ÕßÕÿ≥À¿Ÿ¡‘ 10 ·≈– 15
o
C/π“∑’ ´÷Ëß∑—Èßπ’Èº≈¢Õß¢π“¥¢Õß‡°√π∑’Ë‡≈Á°·≈–§à“§«“¡Àπ“·πàπ∑’Ë Ÿß„π°√≥’Õ—µ√“°“√¢÷Èπ-

≈ß¢ÕßÕÿ≥À¿Ÿ¡‘°“√‡º“´‘π‡µÕ√å∑’Ë Ÿßπà“®–¡’º≈µàÕ§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘° Ÿß ÿ¥¢Õß “√‡´√“¡‘°·∫‡√’¬¡µ‘µ“‡πµπ’È¥â«¬

·∫‡√’¬¡µ‘µ“‡πµ (BaTiO
3
) ‡ªìπ “√ª√–°Õ∫„π

°≈ÿà¡‡ø√å‚√Õ‘‡≈Á°µ√‘° (ferroelectrics) ∑’Ë‡ªìπ∑’Ë√Ÿâ®—°·≈–∂Ÿ°
π”‰ªª√–¬ÿ°µå„™âß“π„π«ß°“√∑“ß¥â“πÕ‘‡≈Á°∑√Õπ‘° å°—π
Õ¬à“ß°«â“ß¢«“ß ‚¥¬∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß·∫‡√’¬¡µ‘µ“‡πµ®–¡’
‚§√ß √â“ß‡ªìπ·∫∫‡µµ√–‚°πÕ≈ (tetragonal) ´÷Ëß®–· ¥ß
 ¡∫—µ‘∑“ß‡ø√å‚√Õ‘‡≈Á°µ√‘°®π°√–∑—Ëß∂÷ßÕÿ≥À¿Ÿ¡‘§Ÿ√’ (curie

temperature) ´÷Ëß ≥ Õÿ≥À¿Ÿ¡‘π’È “√·∫‡√’¬¡µ‘µ“‡πµ®–
‡ª≈’Ë¬π‚§√ß √â“ßº≈÷°®“°‡µµ√–‚°πÕ≈‰ª‡ªìπ·∫∫§‘«∫‘°
(cubic) ·≈–‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß°«à“Õÿ≥À¿Ÿ¡‘§Ÿ√’ “√®–‰¡à¡’
 ¡∫—µ‘‡ø√å‚√Õ‘‡≈Á°µ√‘°Õ’° ·µà®–· ¥ß ¡∫—µ‘‡ªìπæ“√“-
Õ‘‡≈Á°µ√‘° (paraelectrics) ·∑π  Õÿ≥À¿Ÿ¡‘§Ÿ√’¢Õß “√
·∫‡√’¬¡µ‘µ“‡πµπ’È®–¡’§à“ª√–¡“≥ 130ºC ´÷ËßÕÿ≥À¿Ÿ¡‘§Ÿ√’
À√◊Õ∂Ÿ°‡√’¬°Õ’°Õ¬à“ßÀπ÷Ëß«à“Õÿ≥À¿Ÿ¡‘°“√‡ª≈’Ë¬π‡ø ¢Õß
 “√ (phase transition temperature) π’È ‰¥â∂Ÿ°π”‰ª„™â„π
°“√Õ∏‘∫“¬ª√“°Ø°“√≥å∑’Ëæ∫„π “√‡ø√å‚√Õ‘‡≈Á°µ√‘°∑—Ë«Ê
‰ª ´÷ËßÕÿ≥À¿Ÿ¡‘§Ÿ√’®–¡’§à“¡“°À√◊ÕπâÕ¬‡∑à“‰À√àπ—Èπ°Á¢÷ÈπÕ¬Ÿà
°—∫™π‘¥¢Õß “√‡ø√å‚√Õ‘‡≈Á°µ√‘°‡À≈à“π—Èπ πÕ°®“°π—Èπ·≈â«
„π™à«ßÕÿ≥À¿Ÿ¡‘ÀâÕß·∫‡√’¬¡µ‘µ“‡πµ®–¡’§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°
(dielectric constant)  Ÿß (Moulson and Herbert, 1990)

·≈–¬‘Ëß™à«ßÕÿ≥À¿Ÿ¡‘„°≈âÕÿ≥À¿Ÿ¡‘§Ÿ√’ §à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°®–
¬‘Ëß Ÿß¡“° ´÷Ëß “¡“√∂π”§ÿ≥ ¡∫—µ‘‡À≈à“π’È¡“ª√–¬ÿ°µå„™â
ß“π∑“ß¥â“πÕÿµ “À°√√¡‰øøÑ“µà“ßÊ  ‡™àπ π”¡“∑”‡ªìπ
µ—«‡°Á∫ª√–®ÿ ´÷Ëß‡ªìπ∑’Ë∑√“∫°—π¥’«à“µ—«‡°Á∫ª√–®ÿ‡ªìπÀπ÷Ëß„π

Õÿª°√≥å∑’Ë¡’∫∑∫“∑ ”§—≠µàÕ«ß°“√Õ‘‡≈Á°∑√Õπ‘° å„πªí®®ÿ∫—π
·≈–‡π◊ËÕß®“°¡’°“√»÷°…“·≈–æ—≤π“ “√·∫‡√’¬¡µ‘µ“‡πµ
Õ¬à“ßµàÕ‡π◊ËÕß‡ªìπ‡«≈“π“π ®÷ß∑”„Àâ “¡“√∂º≈‘µµ—«‡°Á∫
ª√–®ÿ∑’Ë¡’¢π“¥‡≈Á°  °–∑—¥√—¥  ¡’§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘° Ÿß
 –¥«°µàÕ°“√„™âß“πÕ¬à“ß¡“° ®“°°“√ ◊∫§âπ¢âÕ¡Ÿ≈∑’Ëºà“π
¡“æ∫«à“ ¡∫—µ‘¢Õß “√·∫‡√’¬¡µ‘µ“‡πµ¢÷Èπ°—∫°√–∫«π°“√
º≈‘µÀ√◊Õ°√–∫«π°“√‡µ√’¬¡ “√‡ªìπÕ¬à“ß¡“° µ—«Õ¬à“ß‡™àπ
Õÿ≥À¿Ÿ¡‘°“√‡º“¡’º≈µàÕ¢π“¥¢ÕßÕπÿ¿“§ (particle size)

¢Õßºß∑’Ë‡µ√’¬¡ (Tunkasiri and Rujijanagul, 1994) ·≈–
¢π“¥¢Õß‡°√π (grain size) ¢Õß “√‡´√“¡‘°·∫‡√’¬¡
µ‘µ“‡πµ ‚¥¬‡¡◊ËÕ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘°“√‡º“ ¢π“¥¢ÕßÕπÿ¿“§
·≈–¢π“¥¢Õß‡°√π¢Õß “√π’È®–¬‘Ëß¡’¢π“¥„À≠à¢÷Èπ (Tun-

kasiri and Rujijanagul, 1996) ·≈–®“°°“√»÷°…“∑’Ëºà“π
¡“æ∫«à“¢π“¥¢Õß‡°√π„π·∫‡√’¬¡µ‘µ“‡πµ¡’º≈µàÕ ¡∫—µ‘
‰¥Õ‘‡≈Á°µ√‘° ‚¥¬„π°√≥’‡´√“¡‘°·∫‡√’¬¡µ‘µ“‡πµ∑’Ë¡’¢π“¥
¢Õß‡°√π‡≈Á° ®–¡’§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘° Ÿß (Kinoshita and

Yamaji, 1976) πÕ°®“°π—Èπ·≈â«¢π“¥¢ÕßÕπÿ¿“§°Á¡’º≈
µàÕ°“√‡ª≈’Ë¬π‡ø  (phase transition) ¢Õß “√π’È¥â«¬ ‚¥¬
∂â“·∫‡√’¬¡µ‘µ“‡πµ¬‘Ëß¡’¢π“¥¢ÕßÕπÿ¿“§‡≈Á° Õÿ≥À¿Ÿ¡‘
°“√‡ª≈’Ë¬π‡ø ®–¬‘ËßµË” (Uchino et al., 1989) Õ¬à“ß‰√
°Áµ“¡ ∂â“¢π“¥¢ÕßÕπÿ¿“§¬—ß‡≈Á°µàÕ‰ª®π∂÷ß§à“«‘°ƒµ‘§à“
Àπ÷Ëß ·∫‡√’¬¡µ‘µ“‡πµ®–‰¡à· ¥ß ¡∫—µ‘¢Õß “√‡ø√å‚√-
Õ‘‡≈Á°µ√‘°∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßÕ’°  Rhim ·≈–§≥– (2000) «‘®—¬
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®ß°≈  ∑Õßπ“¡ ·≈–§≥–841

∂÷ßÕ‘∑∏‘æ≈¢ÕßÕ—µ√“°“√¢÷Èπ-≈ßÕÿ≥À¿Ÿ¡‘„π°“√‡º“„π “√
Ba

0.7
Sr

0.3
TiO

3
  ·≈–µàÕ¡“ Ryu ·≈–§≥– (2001) ‰¥â«‘®—¬

 “√ Pb(Zr
0.52

Ti
0.48

)O
3
 ´÷Ëßæ∫«à“Õ—µ√“°“√¢÷Èπ-≈ß¢Õß

Õÿ≥À¿Ÿ¡‘„π°“√‡º“ “√¡’º≈µàÕ ¡∫—µ‘¢Õß “√¥—ß°≈à“«
·µàÕ¬à“ß‰√°Áµ“¡®“°°“√§âπ§«â“∑’Ëºà“π¡“¬—ß‰¡à¡’ºŸâ„¥‰¥â∑”
°“√»÷°…“«‘®—¬º≈¢ÕßÕ—µ√“°“√¢÷Èπ-≈ßÕÿ≥À¿Ÿ¡‘ ‘́π‡µÕ√å
(sintering temperature) „π‡´√“¡‘°·∫‡√’¬¡µ‘µ“‡πµ‡≈¬
¥—ßπ—Èπ§≥–«‘®—¬π’È®÷ß‰¥â∑”°“√»÷°…“º≈¢ÕßÕ—µ√“°“√¢÷Èπ-≈ß
¢ÕßÕÿ≥À¿Ÿ¡‘„π°“√‡º“ “√·∫‡√’¬¡µ‘µ“‡πµ‚¥¬‡©æ“–°“√
‡º“´‘π‡µÕ√å  ´÷ËßÕ—µ√“°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘„π°“√‡º“
´‘π‡µÕ√åπ’È‡ªìπªí®®—¬∑’Ë ”§—≠ªí®®—¬Àπ÷Ëß„π°“√º≈‘µ “√
‡´√“¡‘°

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

„π°“√∑¥≈Õß§√—Èßπ’È‰¥âπ”ºß·∫‡√’¬¡µ‘µ“‡πµ 99%

∑’Ëºà“π°“√‡º“·§≈‰´πå ·≈â«¡“∑”°“√∑¥≈Õß‚¥¬«‘∏’°“√
∑¥≈Õßπ—Èπ‡√‘Ë¡®“°°“√‡µ√’¬¡ “√æÕ≈’‰«π‘≈·Õ≈°ÕŒÕ≈å
(polyvinyl alcohol; PVA) 0.3% ‚¥¬πÈ”Àπ—° π”ºß
·∫‡√’¬¡µ‘µ“‡πµ 50 °√—¡ ¡“∑”°“√∫¥‚¥¬„ à„π°√–ªÜÕß
æ≈“ µ‘°∑’Ë¡’‡¡Á¥∫¥‡´Õ√å‚§‡π’¬ (ZrO

2
) ·≈â«‡µ‘¡ “√≈–≈“¬

PVA °—∫æÕ≈’‡Õ∑‘≈’π·Õ≈°ÕŒÕ≈å (polyethylene glycol;

PEG) ∑’Ë‡µ√’¬¡‰«â≈ß‰ª®πæÕ¥’∑à«¡‡¡Á¥∫¥ ®“°π—Èππ”‰ª
∑”°“√∫¥¬àÕ¬·∫∫‡ªï¬° (wet-milling) ‡ªìπ‡«≈“ 24

™—Ë«‚¡ß ‡¡◊ËÕ§√∫ 24 ™—Ë«‚¡ß·≈â«®÷ß°√Õß “√º ¡∑’Ë‰¥â¥â«¬
µ√–·°√ß≈«¥‡æ◊ËÕ·¬°‡¡Á¥∫¥ÕÕ°®“° “√º ¡ ‚¥¬°“√„™â
πÈ”°≈—Ëπ™à«¬≈â“ß∑”§«“¡ –Õ“¥ ·≈â«®÷ßπ” “√º ¡∑’Ë·¬°
‰¥â¡“∑”„Àâ·Àâß‚¥¬°“√„Àâ§«“¡√âÕπæ√âÕ¡°—∫∑”°“√°«π
®π¢Õß‡À≈«√–‡À¬‰ª‡°◊Õ∫À¡¥  ®“°π—Èπ®÷ßπ” “√∑’Ë‰¥â
‰ªÕ∫„π‡µ“Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ª√–¡“≥ 120ºC ‡ªìπ‡«≈“ 24

™—Ë«‚¡ß ·≈â«π” “√∑’Ë·Àâß·≈â«‰ª∑”°“√∫¥¥â«¬§√° (agate

mortar) „Àâ≈–‡Õ’¬¥ ·≈â«®÷ßπ”‰ª∑”°“√·¬°¢π“¥¢Õß
Õπÿ¿“§‡æ◊ËÕ„Àâ‰¥âÕπÿ¿“§∑’Ë¡’¢π“¥ ¡Ë”‡ ¡Õ¥â«¬«‘∏’°“√
√àÕπºà“πµ–·°√ß (sieving) ‚¥¬„™â´’ø‰π≈Õπ (nylon

sieve) ‡∫Õ√å 120 π”ºß∑’Ëºà“π°“√§—¥·¬°Õπÿ¿“§·≈â«‰ª
∑”°“√¢÷Èπ√Ÿª “√µ—«Õ¬à“ß „Àâ¡’≈—°…≥–‡À¡◊Õπ‡À√’¬≠°≈¡
·∫π∑’Ë¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 10.00±0.05 ¡¡. Àπ“
3.00±0.05 ¡¡. ‚¥¬„™â‡§√◊ËÕßÕ—¥√–∫∫‰Œ‚¥√≈‘° (Riken

Seiki Co., LTD 137609) ®“°π—Èππ” “√∑’Ëºà“π°“√¢÷Èπ
√Ÿª·≈â«‰ª∑”°“√‡º“ ‘́π‡µÕ√å¥â«¬‡µ“‡º“ “√ (º≈‘µ‚¥¬
∫√‘…—∑ ¡»—°¥‘Ï´—ææ≈“¬ ª√–‡∑»‰∑¬) µ“¡‡ß◊ËÕπ‰¢µà“ßÊ
¥—ß· ¥ß‰«â„π Figure 1 ‚¥¬‡√‘Ë¡®“°°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘¢÷Èπ
®“°Õÿ≥À¿Ÿ¡‘ÀâÕß ( 30ºC)  ¥â«¬°“√„™âÕ—µ√“°“√‡æ‘Ë¡¢÷Èπ
¢ÕßÕÿ≥À¿Ÿ¡‘ 10ºC/π“∑’ ®π°√–∑—Ëß∂÷ßÕÿ≥À¿Ÿ¡‘ 500ºC

®÷ß∑”°“√‡º“·™à∑‘Èß‰«â‡ªìπ‡«≈“π“π 1 ™—Ë«‚¡ß‡æ◊ËÕ°”®—¥
PVA ÕÕ°‰ª®“° “√µ—«Õ¬à“ß ®“°π—Èπ®÷ß§àÕ¬∑”°“√‡æ‘Ë¡
Õÿ≥À¿Ÿ¡‘¥â«¬Õ—µ√“°“√‡æ‘Ë¡¢÷Èπ¢ÕßÕÿ≥À¿Ÿ¡‘ 10ºC/π“∑’
‰ª®π°√–∑—Ëß∂÷ßÕÿ≥À¿Ÿ¡‘‡º“´‘π‡µÕ√å∑’Ë 1350ºC ‡º“·™à∑‘Èß

Figure 1.  Sintering profiles of BaTiO
3
 ceramics with different heating rates.
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3
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‰«â∑’ËÕÿ≥À¿Ÿ¡‘¥—ß°≈à“«‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß ·≈â«®÷ß∑”°“√≈¥
Õÿ≥À¿Ÿ¡‘≈ß¥â«¬Õ—µ√“°“√≈¥≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ 10ºC/π“∑’
®π°√–∑—Ëß∂÷ßÕÿ≥À¿Ÿ¡‘ÀâÕß ( 30ºC)  ∑”°“√∑¥≈Õß·∫∫
‡¥’¬«°—π ·µà‡ª≈’Ë¬πÕ—µ√“°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘‡ªìπ 15

·≈– 20ºC/π“∑’  ·≈–‡¡◊ËÕ‰¥â “√‡´√“¡‘° ·≈â«®÷ß∑”°“√
µ√«®«‘‡§√“–Àå‡´√“¡‘°·∫‡√’¬¡µ‘µ“‡πµ∑’Ëºà“π°“√‡º“
´‘π‡µÕ√å ‚¥¬°“√À“§à“§«“¡À¥µ—«·≈–§à“§«“¡Àπ“·πàπ
À≈—ß®“°π—Èπ·≈â« ®÷ß∑”°“√»÷°…“≈—°…≥–‚§√ß √â“ß∑“ß
®ÿ≈¿“§¢Õß‡´√“¡‘°·∫‡√’¬¡µ‘µ“‡πµ ‚¥¬„™â°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ (JEOL JSM-6335F Japan)

´÷Ëß‰¥â∑”°“√µ√«® Õ∫≈—°…≥–¢Õßº‘«√Õ¬·µ°À—°
(fracture surface) ´÷Ëß‡°‘¥®“°°“√À—°º‘« “√µ—«Õ¬à“ß
‡´√“¡‘°‡æ◊ËÕ¡“»÷°…“≈—°…≥–∑“ß®ÿ≈¿“§¢Õßº‘«√Õ¬·µ°À—°
π—Èπ ·≈–≈—°…≥–º‘«Àπâ“∑’Ëºà“π°“√°—¥º‘«¥â«¬§«“¡√âÕπ
(thermal etching) ´÷Ëß®– “¡“√∂∫Õ°‰¥â∂÷ßª√‘¡“≥¢Õß
√Ÿæ√ÿπ ≈—°…≥– √Ÿª√à“ß ·≈–¢π“¥¢Õß‡°√π „π°“√µ√«®
 Õ∫ ¡∫—µ‘∑“ß‰øøÑ“¢Õß‡´√“¡‘°∑’Ë‡µ√’¬¡‰¥â ®–∑”‚¥¬π”
‡´√“¡‘°∑’Ë‡µ√’¬¡‰¥â¡“∑”¢—È«‰øøÑ“ ¥â«¬°“√π”‡´√“¡‘°¡“
∑”°“√¢—¥¥â«¬°√–¥“…∑√“¬≈–‡Õ’¬¥ ®“°π—Èππ”‰ªÕ∫„Àâ
·Àâß‚¥¬„™â‡«≈“ª√–¡“≥ 1 ™—Ë«‚¡ß  ·≈â«®÷ßπ”¡“∑”¢—È«
‰øøÑ“‚¥¬°“√„™â°“«‡ß‘π∑“∑’Ëº‘«Àπâ“∑—Èß Õß¢Õß “√µ—«Õ¬à“ß
·≈â«π”‰ª‡º“‡æ◊ËÕ„Àâ°“«‡ß‘π∑’Ë‡ªìπ¢—È«‰øøÑ“·Àâß·π∫ π‘∑
°—∫º‘«Àπâ“∑—Èß Õß¢Õß “√µ—«Õ¬à“ß ‚¥¬Õÿ≥À¿Ÿ¡‘∑’Ë„™â‡º“§◊Õ
800ºC ·™à‰«â‡ªìπ‡«≈“ 12 π“∑’ „™âÕ—µ√“°“√¢÷Èπ-≈ß¢Õß
Õÿ≥À¿Ÿ¡‘ 5ºC/π“∑’ ·≈â«π” “√µ—«Õ¬à“ß‰ª∑”°“√µ√«®
 Õ∫ ¡∫—µ‘∑“ß‰¥Õ‘‡≈Á°µ√‘° ‚¥¬°“√«—¥§à“§«“¡®ÿ‰øøÑ“¥â«¬
‡§√◊ËÕß LCZ meter (Hewlett Packeard 4276A) µ“¡
°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ ‚¥¬„™â§«“¡∂’Ë¢Õß —≠≠“≥
‰øøÑ“∑’Ë 1 KHz „™âÕ—µ√“°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ 3ºC/π“∑’
§à“§«“¡®ÿ‰øøÑ“π’È®–¡’§«“¡ —¡æ—π∏å°—∫§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°
‚¥¬§à“§«“¡®ÿ‰øøÑ“·≈–§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°¡’§«“¡ —¡æ—π∏å
¥—ß ¡°“√

C = ε
0
ε

r

A
d

‚¥¬ ε
0

= 8.8542×10-12 C2/N·m2

A §◊Õ æ◊Èπ∑’Ë  ·≈– d §◊Õ§«“¡Àπ“‡©≈’Ë¬¢Õß “√
ε

r
§◊Õ§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°

º≈°“√∑¥≈Õß·≈–°“√«‘‡§√“–Àå

À≈—ß®“°∑’Ë‰¥â∑”°“√‡µ√’¬¡‡´√“¡‘°·∫‡√’¬¡µ‘µ“‡πµ
®÷ßπ”‡´√“¡‘°¥—ß°≈à“«¡“«—¥§«“¡À¥µ—«„π·π«‡ âπºà“π
»Ÿπ¬å°≈“ß ·≈–§”π«≥§à“§«“¡À¥µ—«®–‰¥âº≈¥—ß Figure 2

 ”À√—∫°“√À¥„π‡´√“¡‘°π—Èπ ‡°‘¥¢÷Èπ®“°°“√‡§≈◊ËÕπµ—«
‡™◊ËÕ¡µ‘¥°—π¢ÕßÕπÿ¿“§„π¢≥–‡º“ ‘́π‡µÕ√å ÷́Ëß„π°“√
∑¥≈Õßπ’È°√–∫«π°“√ ‘́π‡µÕ√åπ’Èπà“®–‡°‘¥ªØ‘°‘√‘¬“·∫∫
¢Õß·¢Áß (solid state reaction) ‚¥¬æ∫«à“‡´√“¡‘°∑’Ëºà“π
°“√‡º“´‘π‡µÕ√å¥â«¬Õ—µ√“°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ 20ºC/
π“∑’ ®–¡’§à“§«“¡À¥µ—«¡“°°«à“‡´√“¡‘°∑’Ëºà“π°“√‡º“
´‘π‡µÕ√å¥â«¬Õ—µ√“°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ 15 ·≈– 10ºC/
π“∑’ ´÷Ëß™’È„Àâ‡ÀÁπ«à“Õ—µ√“°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘¡’º≈µàÕ
§à“§«“¡À¥µ—«¢Õß‡´√“¡‘°·∫‡√’¬¡µ‘µ“‡πµ

·≈–®“°°“√π”‡´√“¡‘°¢Õß·∫‡√’¬¡µ‘µ“‡πµ∑’Ëºà“π
°“√‡º“ ‘́π‡µÕ√å·≈â«  ¡“∑”°“√À“§à“§«“¡Àπ“·πàπ®–
‰¥âº≈¥—ß· ¥ß‰«â„π Figure 3 ÷́Ëß‡¡◊ËÕæ‘®“√≥“§à“§«“¡
Àπ“·πàπ∑’Ë‰¥â æ∫«à“ “√∑’Ëºà“π°“√‡º“ ‘́π‡µÕ√å¥â«¬Õ—µ√“
°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ 20ºC/π“∑’ ®–¡’§à“§«“¡Àπ“·πàπ
¢Õß “√¡“°°«à“ “√∑’Ëºà“π°“√‡º“´‘π‡µÕ√å¥â«¬Õ—µ√“°“√
¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ 15 ·≈– 10ºC/π“∑’ ‚¥¬°“√‡æ‘Ë¡¢÷Èπ
¢Õß§«“¡Àπ“·πàππà“®– ◊∫‡π◊ËÕß¡“®“°¢≥–∑’Ë¡’°“√≈¥
Õÿ≥À¿Ÿ¡‘≈ßÕ¬à“ß√«¥‡√Á« ¡’°“√À¥µ—«Õ¬à“ß√«¥‡√Á«∑”„Àâ
§«“¡Àπ“·πàπ‡æ‘Ë¡¢÷Èπ ÷́Ëß Õ¥§≈âÕß°—∫‡ªÕ√å‡ Á́πµå°“√À¥
µ—«¢Õß “√ · ¥ß„Àâ‡ÀÁπ«à“§à“§«“¡Àπ“·πàπ¢Õß‡´√“¡‘°
·∫‡√’¬¡µ‘µ“‡πµ®–¡’§à“·ª√º—πµ“¡Õ—µ√“°“√¢÷Èπ-≈ß¢Õß
Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√‡º“´‘π‡µÕ√å

®“°∑’Ë‰¥â∑”°“√»÷°…“≈—°…≥–‚§√ß √â“ß®ÿ≈¿“§¢Õß
‡´√“¡‘°·∫‡√’¬¡µ‘µ“‡πµ‚¥¬‰¥â∑”°“√∂à“¬¿“æº‘«Àπâ“¢Õß
‡´√“¡‘°·∫‡√’¬¡µ‘µ“‡πµ ´÷Ëß· ¥ß„Àâ‡ÀÁπ∂÷ßª√‘¡“≥√Ÿæ√ÿπ
¢Õß‡´√“¡‘°·∫‡√’¬¡µ‘µ“‡πµ ¥—ß· ¥ß„π Figure 4-6 ‡¡◊ËÕ
∑”°“√À“¢π“¥¢Õß‡°√π‡©≈’Ë¬·≈â« “¡“√∂‡¢’¬π°√“ø
‡∑’¬∫°—∫Õ—µ√“°“√¢÷Èπ-≈ß‰¥â¥—ß Figure 7 æ∫«à“‡´√“¡‘°
∑’Ë∑”°“√‡º“ ‘́π‡µÕ√å‚¥¬„™âÕ—µ√“°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘
10ºC/π“∑’ ®–¡’¢π“¥„À≠à°«à“‡´√“¡‘°∑’Ë∑”°“√‡º“´‘π‡µÕ√å
¥â«¬Õ—µ√“°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ 15 ·≈– 20ºC/π“∑’
µ“¡≈”¥—∫ ∑—Èßπ’È‡π◊ËÕß¡“®“°Õ—µ√“°“√¢÷Èπ≈ß¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë
‡√Á«°«à“®–∑”„Àâ “√‰¥â√—∫ª√‘¡“≥§«“¡√âÕπ∑’Ë àßº≈µàÕ°“√
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 ”À√—∫°“√µ√«®«—¥§à“§«“¡®ÿ‰øøÑ“π—Èπ “¡“√∂
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µ√«® Õ∫ ¡∫—µ‘∑“ß‰¥Õ‘‡≈Á°µ√‘°‚¥¬«—¥„π™à«ßÕÿ≥À¿Ÿ¡‘
ª√–¡“≥ 30ºC ‰ª®π∂÷ßÕÿ≥À¿Ÿ¡‘ª√–¡“≥ 170ºC ∑’Ë§«“¡∂’Ë
1 kHz ¥—ß· ¥ß„π Figure  8 æ∫«à“§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°∑’Ë
Õÿ≥À¿Ÿ¡‘ª√–¡“≥µ—Èß·µà 30ºC ®π∂÷ßª√–¡“≥ 135ºC ‰¡à

§àÕ¬¡’°“√‡ª≈’Ë¬π·ª≈ß¡“°π—° ®π°√–∑—ËßÕÿ≥À¿Ÿ¡‘ª√–¡“≥
130ºC §à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°®–¡’°“√‡ª≈’Ë¬π·ª≈ßÕ¬à“ß
√«¥‡√Á« ÷́Ëß‡ªìπ®ÿ¥∑’Ë„°≈â°“√‡ª≈’Ë¬π‡ø  À≈—ß®“°π—Èπ·≈â«
§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°®–¡’§à“≈¥≈ß∂â“À“°‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘„Àâ Ÿß
°«à“π’È ·≈–®“°°“√ —ß‡°µ§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°æ∫«à“‡´√“¡‘°
·∫‡√’¬¡µ‘µ“‡πµ∑’Ëºà“π°“√ ‘́π‡µÕ√å¥â«¬Õ—µ√“°“√¢÷Èπ-≈ß
¢ÕßÕÿ≥À¿Ÿ¡‘ 20ºC/π“∑’ ®–¡’§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘° ≥ ®ÿ¥
‡ª≈’Ë¬π‡ø  ¡“°°«à“‡´√“¡‘°∑’Ëºà“π°“√ ‘́π‡µÕ√å¥â«¬Õ—µ√“
°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ 15 ·≈– 10ºC/π“∑’ µ“¡≈”¥—∫
º≈∑’Ë‰¥â· ¥ß¥—ßª√“°Ø„π Figure 9 ´÷Ëßπà“®–‡ªìπº≈¡“

Figure 2. Linear shrinkage of the BaTiO
3
 ceramics sintered at 1350ºC for 2 hours as a

function of heating/cooling rate.

Figure 3. Density of the BaTiO
3
 ceramics sintered at 1350ºC for 2 hours as a function of

heating/cooling rate.
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       (a)            (b)

Figure 4. SEM micrographs of the BaTiO
3
 ceramic sintered at 1350ºC with 10ºC heating/

cooling rate: (a) thermally etched surface and (b) fracture surface.

       (a)            (b)

Figure 5. SEM micrographs of the BaTiO
3
 ceramic sintered at 1350ºC with 15ºC heating/

cooling rate: (a) thermally etched surface and (b) fracture surface.

       (a)            (b)

Figure 6. SEM micrographs of the BaTiO
3
 ceramic sintered at 1350ºC with 20ºC heating/

cooling rate: (a) thermally etched surface and (b) fracture surface.
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Figure 7. Average grain size of the BaTiO
3
 ceramics sintered at 1350ºC as a function of

heating/cooling rate.

 √ÿªº≈°“√∑¥≈Õß

„π°“√∑¥≈Õßπ’È‰¥â· ¥ß„Àâ‡ÀÁπ«à“ªí®®—¬„π°“√‡º“
‘́π‡µÕ√å  ‚¥¬‡©æ“–Õ—µ√“°“√¢÷Èπ≈ß¢ÕßÕÿ≥À¿Ÿ¡‘¡’º≈

µàÕ§ÿ≥ ¡∫—µ‘µà“ßÊ ¢Õß “√‡´√“¡‘°·∫‡√’¬¡µ‘µ“‡πµ´÷Ëß
 “¡“√∂ √ÿªº≈°“√∑¥≈Õß‰¥â¥—ßπ’È

1.  ¡∫—µ‘∑“ß°“¬¿“æ¢Õß‡´√“¡‘°·∫‡√’¬¡µ‘µ“‡πµ
∑’Ëºà“π°“√‡º“´‘π‡µÕ√å¥â«¬Õÿ≥À¿Ÿ¡‘ 1350ºC ·™à‰«â‡ªìπ

Figure 8. Temperature dependence of dielectric constant of the BaTiO
3
 ceramics sintered

at 1350ºC using different heating/cooling rate.
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‡«≈“ 2 ™—Ë«‚¡ß ∑’Ë¡’Õ—µ√“°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ 20ºC/
π“∑’  ®–¡’§à“§«“¡À¥µ—«·≈–§à“§«“¡Àπ“·πàπ Ÿß∑’Ë ÿ¥
‡∑à“°—∫ 13.75% ·≈– 5.5558 °√—¡/≈∫.´¡. µ“¡≈”¥—∫
 à«π‡´√“¡‘°·∫‡√’¬¡µ‘µ“‡πµ∑’Ë¡’Õ—µ√“°“√¢÷Èπ-≈ß¢Õß
Õÿ≥À¿Ÿ¡‘ 15 ·≈– 10ºC/π“∑’ ®–¡’§à“§«“¡À¥µ—« ·≈–
§«“¡Àπ“·πàπ≈¥≈ß¡“µ“¡≈”¥—∫

2. ®“°°“√µ√«® Õ∫≈—°…≥–‚§√ß √â“ß∑“ß®ÿ≈¿“§
æ∫«à“¢π“¥¢Õß‡°√π„À≠à¡’·π«‚πâ¡‡≈Á°≈ß‡¡◊ËÕ„™âÕ—µ√“
°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë Ÿß¢÷Èπ ‚¥¬æ∫«à“°“√‡º“´‘π‡µÕ√å
¡’Õ—µ√“°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ 20ºC/π“∑’ ®–¡’¢π“¥¢Õß
‡°√π‡≈Á°∑’Ë ÿ¥‡∑à“°—∫ 24.7 ‰¡‚§√‡¡µ√

3. ‡´√“¡‘°∑’Ëºà“π°“√‡º“´‘π‡µÕ√å¥â«¬Õÿ≥À¿Ÿ¡‘
1350ºC ∑’Ë¡’Õ—µ√“°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ 20ºC/π“∑’ ¡’§à“
§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘° Ÿß ÿ¥‡∑à“°—∫ 9350 ´÷Ëß‡ªìπ§à“∑’Ë¡“°°«à“
‡´√“¡‘°∑’Ë‡º“¥â«¬Õ—µ√“°“√¢÷Èπ-≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ 15 ·≈–
10ºC/π“∑’ µ“¡≈”¥—∫ ´÷Ëß “¡“√∂Õ∏‘∫“¬¥â«¬º≈¢Õß¢π“¥
¢Õß‡°√π∑’Ë‡≈Á°·≈–§à“§«“¡Àπ“·πàπ∑’Ë Ÿß„π°√≥’Õ—µ√“°“√
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