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Abstract
Kijamnajsuk, S.1, Setasuwan, P.2 and Rakkwamsuk, P.1

Effect of milling on morphology of molten salt synthesized Sr
3
Ti

2
O

7
 crystals

Songklanakarin J. Sci. Technol., 2007, 29(4) : 1093-1099

Effect of milling liquid (acetone and ethanol), and milling times on morphology of Sr3Ti2O7 (ST7)
crystals grow in molten potassium chloride salt at 1250oC for 4 h was investigated.  Two kinds of crystals with
different morphologies were found: ST7 crystals having a tabular shape of less than 20 µµµµµm diameter and
small secondary-phase crystals having high symmetry. Milling starting materials in ethanol yielded ST7
crystals that were up to 3 times thinner than those milled with acetone, increasing the (00l) Lotgering factor
almost twice that when prepared with acetone. Large crystals become a bit smaller and the number of small
crystals increased when the milling time increased.
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Milling on morphology of molten salt synthesized Sr3Ti2O7 crystals

Kijamnajsuk, S., et al.

∫¥§—¥¬àÕ
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ß“π«‘®—¬π’È»÷°…“º≈¢Õß·Õ´’‚∑π·≈–‡Õ∑“πÕ≈ ´÷Ëß„™â‡ªìπ¢Õß‡À≈« ”À√—∫∫¥ (milling liquid) ·≈–‡«≈“„π

°“√‡µ√’¬¡ “√µ—Èßµâπ‡æ◊ËÕª≈Ÿ°º≈÷° Sr
3
Ti

2
O

7
 (ST7)  „π‡°≈◊Õ‚æ·∑ ‡´’¬¡À≈Õ¡‡À≈«∑’ËÕÿ≥À¿Ÿ¡‘ 1250

o
C ‡ªìπ‡«≈“ 4

™—Ë«‚¡ß º≈÷°∑’Ëª≈Ÿ°‰¥âª√–°Õ∫¥â«¬º≈÷° ST7 ∑’Ë¡’√Ÿª√à“ß‡ªìπ·ºàπ ’Ë‡À≈’Ë¬¡·∫π (tabular) ¡’¢π“¥πâÕ¬°«à“ 20 µµµµµm

·≈–º≈÷°¢π“¥‡≈Á°√Ÿª√à“ß ¡¡“µ√´÷Ëß‡ªìπº≈÷°¢Õß‡ø ∑’Ë Õß º≈÷° ST7 ¡’ª√‘¡“≥‡ø ∑’Ë ÕßπâÕ¬°«à“ ‡¡◊ËÕ‡µ√’¬¡ “√

µ—Èßµâπ„π‡Õ∑“πÕ≈ ·≈–º≈÷°¡’§«“¡Àπ“πâÕ¬°«à“À√◊Õ∫“ß°«à“„π·Õ´’‚∑π Ÿß ÿ¥∂÷ß 3 ‡∑à“ ∑”„Àâ§à“®—¥‡√’¬ß∑‘»∑“ßº≈÷°

(Lotgering factor) ¢Õß√–π“∫ (001) ∑’Ë 3.5 ™—Ë«‚¡ß  Ÿß°«à“¢Õßº≈÷° ST7 ∑’Ë‡µ√’¬¡„π·Õ´’‚∑π‡°◊Õ∫ 2 ‡∑à“ ‡¡◊ËÕ„™â

‡«≈“∫¥¡“°¢÷Èπº≈÷°¢π“¥„À≠à∑’Ëª≈Ÿ°‰¥â¡’¢π“¥‡≈Á°≈ß‡≈Á°πâÕ¬ ·µàº≈÷°¢π“¥‡≈Á°¡’®”π«π¡“°¢÷Èπ

«— ¥ÿ‡æ’¬‚´Õ‘‡≈Á°∑√‘°π—∫‡ªìπ«— ¥ÿæ◊Èπ∞“π∑’Ë‰¥â√—∫°“√
ª√–¬ÿ°µå„™â„πÕÿª°√≥åµà“ßÊ Õ¬à“ß·æ√àÀ≈“¬ ‡™àπ ·À≈àß
°”‡π‘¥§«“¡µà“ß»—°¬å Ÿß (high voltage source) Õÿª°√≥å
√—∫ —≠≠“≥ (sensor)  ·Õ§™Ÿ‡Õ‡µÕ√å (actuator)  Õÿª°√≥å
µ√«®®—∫„µâπÈ” (sonar) œ≈œ (Setter, 2002) «— ¥ÿ‡æ’¬‚´
Õ‘‡≈Á°∑√‘°∑“ß°“√§â“¡’∏“µÿµ–°—Ë«‡ªìπ à«πº ¡À≈—° ‡π◊ËÕß®“°
¡’§à“ —¡ª√– ‘∑∏‘Ï‡æ’¬‚´Õ‘‡≈Á°∑√‘° Ÿß ·µàµ–°—Ë«‡ªìπ«— ¥ÿ¡’æ‘…
°àÕ„Àâ‡°‘¥ªí≠À“¥â“π¡≈æ‘…µàÕ ‘Ëß·«¥≈âÕ¡ ¥—ßπ—Èπ®÷ß¡’§«“¡
æ¬“¬“¡«‘®—¬À“ “√∑¥·∑π  ´÷Ëß‰¥â·°à  Na

0.5
Bi

0.5
TiO

3
,

KNbO
3
, LiTaO

3
, BaTiO

3
 œ≈œ  ·µà “√‡À≈à“π’È¬—ß„Àâ§à“

 —¡ª√– ‘∑∏‘Ï‡æ’¬‚´Õ‘‡≈Á°∑√‘°µË” ‰¡à “¡“√∂∑¥·∑π«— ¥ÿ∑’Ë¡’
µ–°—Ë«‡ªìπ à«πº ¡‰¥â Õ¬à“ß‰√°Áµ“¡°“√ª√—∫ª√ÿß ¡∫—µ‘¢Õß
«— ¥ÿ‡æ’¬‚´∑√‘°¢Õß°≈ÿà¡‰¡à¡’µ–°—Ë«¬—ß “¡“√∂∑”‰¥â‚¥¬°“√
ª√—∫‡ª≈’Ë¬π°√–∫«π°“√º≈‘µ∑’Ë™◊ËÕ«à“ template grain growth
(TGG) «‘∏’π’È®–∑”„Àâ‰¥â«— ¥ÿÀ≈“¬‡°√π∑’Ë¡’°“√®—¥‡√’¬ßº≈÷°
‰ª„π∑‘»∑“ßÀπ÷Ëß (preferred orientation)  ¡∫—µ‘∑’Ë‰¥â®–¡’
§à“„°≈â‡§’¬ßº≈÷°‡¥’Ë¬«„π∑‘»∑“ß°“√®—¥‡√’¬ßµ—«π—Èπ ´÷ËßÕ“®®–
¡’§à“ Ÿß°«à“«— ¥ÿÀ≈“¬‡°√π∑’Ë‡√’¬ßµ—«°—π‚¥¬ ÿà¡ (randomly-
oriented) ·≈–¡’µâπ∑ÿπ°“√º≈‘µ∑’Ë¡’√“§“µË”°«à“°“√ª≈Ÿ°º≈÷°
‡¥’Ë¬«  ∑”„Àâ«‘∏’π’È‰¥â√—∫§«“¡ π„®‡æ◊ËÕæ—≤π“·≈–º≈‘µ«— ¥ÿ
‡æ’¬‚´Õ‘‡≈Á°∑√‘°™π‘¥‰¡à¡’µ–°—Ë«µàÕ‰ª

°√–∫«π°“√º≈‘µ TGG §◊Õ °√–∫«π°“√∑’Ë„™âº≈÷°
µâπ·∫∫√Ÿª√à“ß‰¡à ¡¡“µ√ ‡™àπ º≈÷° Bi

4
Ti

3
O

12
 ´÷Ëß¡’√Ÿª√à“ß

‡ªìπ‡°≈Á¥·∫π (Horn et al., 1996; Horn et al., 1990)
º≈÷° KSr

2
Nb

5
O

15
 ´÷Ëß¡’√Ÿª√à“ß‡¢Á¡ (Zhao et al., 2005)

À√◊Õº≈÷° Sr
3
Ti

2
O

7
 ·≈– SrTiO

3
 ´÷Ëß¡’√Ÿª√à“ß‡À≈’Ë¬¡·∫π

(Takauchi et al., 1998; Watari et al., 2000; Haeni et
al., 2001; Ebrahimi et al., 2002; Liu et al., 2003)
º ¡„πºß‡´√“¡‘° ´÷Ëß¡’¢π“¥‡≈Á°°«à“ À√◊Õ‡√’¬°Õ’°Õ¬à“ß«à“
‡¡∑√‘°´å  ®“°π—Èπ¢÷Èπ√Ÿª«— ¥ÿ‚¥¬°“√À≈àÕ™‘Èπß“π„Àâ‡ªìπ·ºàπ
(tape casting) À√◊Õ°“√Õ—¥√’¥ (extrusion) ·√ß®“°¢—ÈπµÕπ
°“√¢÷Èπ√Ÿª ´÷Ëß‡ªìπ·√ß‡©◊Õπ®–™à«¬®—¥‡√’¬ßº≈÷°µâπ·∫∫„Àâ
‡√’¬ßµ—«‰ª„π∑‘»∑“ß∑’Ë¢π“π°—∫∑‘»¢Õß·√ß‡©◊Õπ π”™‘Èπß“π
¡“‡º“Õ∫ºπ÷°‡æ◊ËÕ„Àâ™‘Èπß“π¡’§«“¡·¢Áß·√ß §«“¡√âÕπ®“°
¢—ÈπµÕππ’È¬—ß™à«¬‡Àπ’Ë¬«π”„Àâ‡¡∑√‘°´å‚µµ“¡º≈÷°µâπ·∫∫
∑”„Àâ‰¥âº≈÷°À≈“¬‡°√π´÷Ëßº≈÷° à«π¡“°¡’°“√®—¥‡√’¬ßº≈÷°
µ“¡º≈÷°µâπ·∫∫ ªí®®ÿ∫—π¡’°“√«‘®—¬µà“ßÊ ´÷Ëß “¡“√∂®—¥
‡√’¬ß‡°√π¢Õß‡¡∑√‘° ǻµ“¡º≈÷°µâπ·∫∫‰¥â ”‡√Á® ‡™àπ Yilmaz
·≈–§≥– (2003)  “¡“√∂º≈‘µ Na
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3
 ®“°º≈÷°

µâπ·∫∫ SrTiO
3
 ´÷Ëß¡’√Ÿªº≈÷° ’Ë‡À≈’Ë¬¡·∫π „Àâ¡’°“√®—¥‡√’¬ß

º≈÷°‰ª„π√–π“∫ (200) ∑”„Àâ§à“ —¡ª√– ‘∑∏‘Ï‡æ’¬‚´Õ‘‡≈Á°-
∑√‘° Ÿß°«à“°“√º≈‘µ‚¥¬«‘∏’¡‘° åÕÕ°‰´¥å∂÷ß 5 ‡∑à“  Jing ·≈–
§≥– (2004)  “¡“√∂º≈‘µ Bi
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º≈÷° Bi
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12
 √Ÿª‡°≈Á¥·≈–º≈÷° TiO

2
 √Ÿª‡¢Á¡„Àâ¡’°“√®—¥

‡√’¬ß∑‘»∑“ß„π√–π“∫ (200) ‰¥â‡™àπ‡¥’¬«°—π  ®“°ß“π«‘®—¬
‡À≈à“π’È æ∫«à“ ªí®®—¬∑’Ë™à«¬ TGG  ”‡√Á® ‰¥â·°à 1) º≈÷°
µâπ·∫∫·≈–‡¡∑√‘°´åµâÕß¡’√–∫∫º≈÷°∑’Ë‡À¡◊ÕπÀ√◊Õ —¡æ—π∏å
°—π 2) º≈÷°µâπ·∫∫µâÕß¡’√Ÿª√à“ß·≈–¢π“¥∑’Ë “¡“√∂®—¥‡√’¬ß
µ—«¥â«¬·√ß®“°°“√¢÷Èπ√Ÿª‰¥âßà“¬  ·≈– 3) ‡¡∑√‘°´åµâÕß¡’
¢π“¥∑’Ë‡≈Á°°«à“º≈÷°µâπ·∫∫¡“° ‡æ◊ËÕ™à«¬„Àâ‡°‘¥°“√‚µ∫π
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»ÿ¿°“≠®πå  °‘®Õ”π“® ÿ¢ ·≈–§≥–1095

º≈÷°µâπ·∫∫‰¥âßà“¬
®“°§«“¡ ”§—≠¢Õß√Ÿª√à“ß·≈–¢π“¥¢Õßº≈÷°µâπ·∫∫

°“√»÷°…“Õ‘∑∏‘æ≈∑’Ë àßº≈°√–∑∫µàÕ√Ÿª√à“ß·≈–¢π“¥¢Õßº≈÷°
®÷ß‡ªìπß“π∑’Ëπà“ π„® ‡∑§π‘§´÷Ëßπ‘¬¡„™â»÷°…“°“√ª≈Ÿ°º≈÷°
µâπ·∫∫ ‰¥â·°à °“√ª≈Ÿ°„π‡°≈◊ÕÀ≈Õ¡‡À≈« (molten salt
synthesis,  MSS)  À√◊Õ‡√’¬°Õ’°Õ¬à“ß«à“  ‡∑§π‘§ø≈—°´å
º≈°“√»÷°…“‚¥¬ Zhoa ·≈–§≥– (2005) ·≈– Ebrahimi
·≈–§≥– (2002, 2005) æ∫«à“  “√µ—Èßµâπ¡’Õ‘∑∏‘æ≈µàÕ
√Ÿª√à“ß¢Õßº≈÷°‚¥¬º≈÷° ST7 ∑’Ëª≈Ÿ°®“°ºß‰∑‡∑‡π’¬¡‰¥-
ÕÕ°‰´¥å‡ø √Ÿ‰∑≈å (rutile) ¡’√Ÿª√à“ß‡°≈Á¥·∫π (platelet)
 à«πº≈÷° ST7 ∑’Ëª≈Ÿ°®“°ºß‰∑‡∑‡π’¬¡‰¥ÕÕ°‰´¥å‡ø -
Õπ“·∑  (anatase) ¡’√Ÿª√à“ß ’Ë‡À≈’Ë¬¡·∫π∑’Ë¡’§«“¡Àπ“¡“°
°«à“  ·µà¬—ß‰¡àæ∫ß“π«‘®—¬∑’Ë»÷°…“Õ‘∑∏‘æ≈¢Õßµ—«·ª√„π°“√
‡µ√’¬¡ “√µ—Èßµâπ§◊Õ ·Õ´’‚∑π ·≈–‡Õ∑“πÕ≈  ·≈–‡«≈“„π
°“√∫¥ «à“¡’º≈µàÕ√Ÿª√à“ß·≈–¢π“¥¢Õßº≈÷° ST7 ∑’Ëª≈Ÿ°„π
‡°≈◊ÕÀ≈Õ¡‡À≈«Õ¬à“ß‰√ ß“π«‘®—¬π’È®÷ß‰¥â»÷°…“Õ‘∑∏‘æ≈¢Õß
µ—«·ª√¥—ß°≈à“«

«‘∏’∑¥≈Õß

‡µ√’¬¡ºß SrCO
3
 (Fluka, 99.9%) ·≈– TiO

2

(Fluka, 99.9%) µ“¡ª√‘¡“≥ “√ —¡æ—π∏å (94.11:33.94
√âÕ¬≈–‚¥¬πÈ”Àπ—°)  ·≈â«π”‰ª∫¥¥â«¬≈Ÿ°∫¥‡´Õ√å‚§‡π’¬
‡ âπºà“π»Ÿπ¬å°≈“ß¢π“¥ 5 mm „πµ—«°≈“ß·Õ´’‚∑πÀ√◊Õ
‡Õ∑“πÕ≈ ‡ªìπ‡«≈“ 3.5, 7 ·≈– 21 ™—Ë«‚¡ß ‡¡◊ËÕ∫¥§√∫
µ“¡‡«≈“∑’Ë°”Àπ¥ ·¬°≈Ÿ°∫¥ÕÕ° π” “√‰ªÕ∫„Àâ·Àâß  ÿà¡
µ—«Õ¬à“ß‡æ◊ËÕπ”‰ª«—¥¢π“¥Õπÿ¿“§¥â«¬‡∑§π‘§°“√‡≈’È¬«‡∫π
¢Õß· ß‡≈‡´Õ√å ’·¥ß (Malvern Matersizer S, λ = 632.8
nm) „πµ—«°≈“ßπÈ”¥’‰ÕÕÕ‰π´å (deionized water) π”ºß
µ—Èßµâπº ¡√«¡°—∫‡°≈◊Õ‚æ·∑ ‡´’¬¡§≈Õ‰√¥å (KCl) ∑’Ë‰¥â√—∫
°“√∫¥‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ‚¥¬„Àâ —¥ à«π¢Õßº≈÷° ST7 µàÕ
‡°≈◊Õ‡ªìπ 25:75 ‚¥¬ª√‘¡“µ√  à«πº ¡¥—ß°≈à“«‰¥â√—∫°“√
§πº ¡¥â«¬·∑àß·¡à‡À≈Á°„πµ—«°≈“ß™π‘¥‡¥’¬«°—π°—∫°“√∫¥
‡ªìπ‡«≈“ 10 π“∑’ π” “√‰ªÕ∫„Àâ·ÀâßÕ’°§√—Èß π” à«πº ¡
∑’Ë·Àâß·≈â«„ à∂â«¬∑π‰øÕ–≈Ÿ¡‘πà“  ªî¥Ω“·≈–¬“¢Õ∫Ω“¥â«¬
Õ–≈Ÿ¡‘πà“´’‡¡πµå‡æ◊ËÕªÑÕß°—π‡°≈◊Õ√–‡À¬∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß π”∂â«¬
∑π‰ø‰ªÕ∫„Àâ¬“·π«·Àâß ·≈â«„Àâ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 1250oC
‡ªìπ‡«≈“ 4 ™—Ë«‚¡ß ¥â«¬Õ—µ√“°“√„Àâ§«“¡√âÕπ 300oC/™—Ë«‚¡ß

·≈–Õ—µ√“°“√‡¬Áπµ—« 180oC/™—Ë«‚¡ß (Kijamnajsuk et al.,
2006) ‡¡◊ËÕ∂â«¬‡¬Áπµ—«·≈â« π”º≈÷°ÕÕ°®“°‡µ“ ≈â“ß‡°≈◊Õ
¥â«¬πÈ”√âÕπÀ≈“¬§√—Èß®π·πà„®«à“‰¡à¡’‡°≈◊Õ‡À≈◊ÕªπÕ¬Ÿà„πº≈÷°
°√Õßº≈÷°∑’Ë‰¥âºà“π°√–¥“…°√Õß Õ∫º≈÷°„Àâ·Àâß π”‰ªµ√«®
«‘‡§√“–Àå‡ø ¥â«¬‡§√◊ËÕß«‘‡§√“–Àå°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ°´å
(X-ray Diffractometer, XRD JEOL JDX-3530)
√Ÿª√à“ß·≈–¢π“¥¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ ·°ππ‘ß
(Scanning Electron Microscope, SEM JEOL JSM-
5410) ·≈–§”π«≥§à“°“√®—¥‡√’¬ßº≈÷° (degree of orient-
ation) „π√–π“∫ (00l) ®“° ¡°“√≈Õ∑‡°Õ√‘Ëß·ø§‡µÕ√å
(Lotgering factor) (Horn et al., 1996)

∫00l = (P00l − P0 )
(1− P0 )

´÷Ëß P00l = (l00l )∑
(lhkl )∑  §◊Õ

Õ—µ√“ à«π¢Õßº≈√«¡æ◊Èπ∑’Ë„µâ°√“ø¢Õß√–π“∫ (00l)
µàÕº≈√«¡æ◊Èπ∑’Ë„µâ°√“ø¢Õßæ’§∑—ÈßÀ¡¥¢Õß™‘Èπß“π∑’Ë
 π„®

·≈– P0 = (l00l )∑
(lhkl )∑

 §◊Õ

Õ—µ√“ à«π¢Õßæ◊Èπ∑’Ë„µâ°√“ø¢Õß√–π“∫ (00l) µàÕº≈
√«¡æ◊Èπ∑’Ë„µâ°√“ø¢Õßæ’§∑—ÈßÀ¡¥¢Õß™‘Èπß“π∑’Ë¡’°“√
®—¥‡√’¬ßº≈÷°·∫∫ ÿà¡

º≈°“√∑¥≈Õß

¢π“¥¢Õß “√µ—Èßµâπ

°“√°√–®“¬¢π“¥ “√µ—Èßµâπ°àÕπ·≈–À≈—ß°“√∫¥„π
µ—«°≈“ß·Õ´’‚∑π·≈–‡Õ∑“πÕ≈· ¥ß„π Figure 1 æ∫«à“ºß
SrCO

3
 (Figure 1 (a)) ¡’°“√°√–®“¬¢Õß¢π“¥°àÕπ∫¥‡ªìπ

2 ¢π“¥ §◊Õ 0.31 µm ·≈– 10.48 µm ·¡â«à“ SrCO
3

 “¡“√∂≈–≈“¬„ππÈ”‰¥â„πÕ—µ√“°“√≈–≈“¬∑’ËÕÿ≥À¿Ÿ¡‘ 20oC
‡∑à“°—∫ 0.01 °√—¡/≈‘µ√ ·µà®“°°“√«—¥´È” 3 §√—Èß æ∫«à“§à“
‡©≈’Ë¬¡’§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π‡∑à“°—∫ 0.02 ‡∑à“π—Èπ ∑”„Àâ‡™◊ËÕ
‰¥â«à“∂÷ß·¡â SrCO

3
 Õ“®≈–≈“¬„πµ—«°≈“ßπÈ”‰¥â∫â“ß ·µà‰¡à

°√–∑∫µàÕ°“√«—¥  à«πºß TiO
2
 (Figure 1(b)) ¡’¢π“¥‡≈Á°
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°«à“·≈–¡’°“√°√–®“¬¢Õß¢π“¥™à«ß‡¥’¬« ‚¥¬¡’¢π“¥‡©≈’Ë¬
0.38 µm  ¢π“¥¢Õß “√µ—Èßµâπ SrCO

3
 ·≈– TiO

2
 À≈—ß

°“√∫¥„π·Õ´’‚∑π·≈–‡Õ∑“πÕ≈‡ªìπ‡«≈“ 3.5, 7 ·≈– 21
™—Ë«‚¡ß · ¥ß„π Figure 1(c-d) æ∫«à“ °“√∫¥∑’Ë√–¬–‡«≈“
µà“ßÊ  ∑”„Àâ “√µ—Èßµâπ¡’¢π“¥‡≈Á°≈ß‰¥â„°≈â‡§’¬ß°—π  ·≈–
∑”„Àâ “√µ—Èßµâπ¡’°“√°√–®“¬¢π“¥ 3 ™à«ß ‰¥â·°à 0.2-1 µm
1.1-3 µm ·≈– 3.1-9 µm  “√µ—Èßµâπ∑’Ë¡’¢π“¥¡“°°«à“ 1
µm Õ“®‡ªìπºß SrCO

3
 ¢π“¥„À≠à (10.48 µm) ∑’Ë∂Ÿ°∫¥

À√◊ÕºßÕπÿ¿“§ “√µ—Èßµâπ¢π“¥‡≈Á°‡°‘¥°“√√«¡°—π‡ªìπ°≈ÿà¡
(agglomeration)  °“√√«¡°≈ÿà¡¢Õß “√µ—Èßµâπ¢π“¥‡≈Á°
· ¥ß„Àâ‡ÀÁπ™—¥‡®π‡¡◊ËÕ∫¥π“π°«à“ 7 ™—Ë«‚¡ß

 —≥∞“πº≈÷°

°“√»÷°…“ —≥∞“πº≈÷°¥â«¬°≈âÕß SEM · ¥ß„π
Figure 2 æ∫º≈÷° Õß≈—°…≥– ‰¥â·°à º≈÷°√Ÿª√à“ß ’Ë‡À≈’Ë¬¡
·∫π¢π“¥„À≠à´÷Ëß‡ªìπº≈÷° ST7 (Ebrahimi et al., 2002)
º≈÷°¢π“¥‡≈Á°¡’ ¡¡“µ√ Ÿß´÷Ëßπà“®–‡ªìπº≈÷° SrTiO

3
 ∑’Ë¡’

‚§√ß √â“ß‡ªìπ≈Ÿ°∫“»°å (Kijamnajsuk et al., 2006) ‡π◊ËÕß
®“°√Ÿª·∫∫°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡ÕÁ°´å (Figure 3) æ∫«à“
∑—Èß„πµ—«°≈“ß∫¥·Õ´’‚∑π·≈–‡Õ∑“πÕ≈  πÕ°®“°‡°‘¥‡ø 
ST7 ·≈â«¬—ß¡’‡ø ∑’Ë Õß ÷́Ëß‡ªìπ “√ª√–°Õ∫¢Õß Sr-Ti-O
(SrTiO

3
 ·≈– Sr

2
TiO

4
) ª√“°ÆÕ¬Ÿà¥â«¬

°“√æ∫‡ø ∑’Ë Õß Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß Ebrahimi
·≈–§≥– (2005) ´÷ËßÕ∏‘∫“¬«à“ SrO ≈–≈“¬„π‡°≈◊ÕÀ≈Õ¡
‡À≈«‰¥â‡≈Á°πâÕ¬ ∑”„Àâª√‘¡“≥ “√µ—Èßµâπ‰¡à‡ªìπ‰ªµ“¡ª√‘¡“≥
 “√ —¡æ—π∏å Õ¬à“ß‰√°Áµ“¡ß“π«‘®—¬¢ÕßºŸâ«‘®—¬·≈–§≥– (2006)
æ∫«à“ “¡“√∂ª≈Ÿ°º≈÷° SrTiO

3
 ‰¥â ”‡√Á® ‚¥¬‰¡àæ∫ªí≠À“

‡√◊ËÕß‡ø ∑’Ë Õß ∑”„Àâ‡™◊ËÕ‰¥â«à“°“√≈–≈“¬¢Õß SrO (®“°
SrCO

3
) Õ“®‰¡à„™à‡Àµÿº≈‡¥’¬«∑’Ë∑”„Àâª≈Ÿ°º≈÷° ST7 ∫√‘ ÿ∑∏‘Ï

‰¡à‰¥â  ®“° Figure 3 ¬—ßæ∫«à“‡ø ∑’Ë Õß¡’πâÕ¬°«à“®“°°“√
‡µ√’¬¡ “√µ—Èßµâπ¥â«¬‡Õ∑“πÕ≈‡¡◊ËÕ‡∑’¬∫°—∫·Õ´’‚∑π ´÷ËßÕ“®
‡ªìπº≈¡“®“°°“√∑’Ë SrCO

3
  “¡“√∂≈–≈“¬‰¥â„π‡Õ∑“πÕ≈

·µà‰¡à≈–≈“¬„π·Õ´’‚∑π  ∑”„Àâ SrCO
3
 ¡’°“√°√–®“¬µ—«

‡°“–¬÷¥√Õ∫ºß  TiO
2
   àßº≈„ÀâªØ‘°‘√‘¬“‡°‘¥‰¥â¥’°«à“  ·≈–

Figure 1. (a-b) Particle size distribution and average D43 of starting power: SrCO3 and TiO2

respectively.
(c-d) Particle size distribution and average D43 of starting powders (SrCO3+TiO2)

after milling in acetone and ethanol respectively.
(λλλλλ = 632.8 nm, RA = 1.5295, Media = deionized water)
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°“√»÷°…“π’Èæ∫«à“‡«≈“∫¥‰¡à¡’ à«π™à«¬„π°“√‡°‘¥ªØ‘°‘√‘¬“
°“√«‘‡§√“–Àå°“√®—¥‡√’¬ß∑‘»∑“ß®“°º≈ XRD (Fig-

ure 3) ‡ÀÁπ‰¥â«à“ §«“¡ Ÿß¢Õß√Ÿª·∫∫°“√‡≈’È¬«‡∫π‰¡à‡ªìπ
‰ªµ“¡¡“µ√∞“π ‚¥¬æ∫«à“æ’§„π°≈ÿà¡√–π“∫ (00l) ‰¥â·°à
(006) (008) (00 10) œ≈œ ¡’§«“¡ Ÿß¡“°¢÷Èπ ∑”„Àâ∑√“∫
«à“°“√®—¥‡√’¬ßµ—«∑’Ë‡°‘¥¢÷ÈπÕ¬Ÿà„π√–π“∫ (00l)

º≈÷°®“°°“√‡µ√’¬¡ “√µ—Èßµâπ¥â«¬¢Õß‡À≈«∑—Èß Õß™π‘¥
¡’¢π“¥·≈–√Ÿª√à“ß§≈â“¬§≈÷ß°—π ‚¥¬¡’¢π“¥πâÕ¬°«à“ 20 µm
·µà¡’§«“¡Àπ“ª√–¡“≥ 1-3.5 µm ·≈– 0.3-2 µm  ”À√—∫
º≈÷°∑’Ë‡µ√’¬¡¥â«¬·Õ´’‚∑π·≈–‡Õ∑“πÕ≈µ“¡≈”¥—∫ º≈÷°´÷Ëß
‡µ√’¬¡¥â«¬‡Õ∑“πÕ≈®÷ß¡’§«“¡Àπ“πâÕ¬°«à“À√◊Õ∫“ß°«à“ Ÿß ÿ¥
∂÷ß 3 ‡∑à“

 ”À√—∫°“√»÷°…“Õ‘∑∏‘æ≈¢Õß√–¬–‡«≈“∫¥ “√µ—Èßµâπ
µàÕ¢π“¥º≈÷°„πµ—«°≈“ß™π‘¥‡¥’¬«°—π  æ∫«à“‡¡◊ËÕ‡æ‘Ë¡‡«≈“

∫¥¡“°¢÷Èπ º≈÷°¢π“¥„À≠à∑’Ëª≈Ÿ°‰¥â¡’¢π“¥‡≈Á°≈ß‡≈Á°πâÕ¬
·µàº≈÷°¢π“¥‡≈Á°¡’®”π«π¡“°¢÷ÈπÕ¬à“ß™—¥‡®π  Õ¥§≈âÕß°—∫
§à“°“√®—¥‡√’¬ßº≈÷° (Figure 4) ∑’Ë¡’§à“ Ÿß ÿ¥‡¡◊ËÕ∫¥π“π 3.5
™—Ë«‚¡ß ·≈–¡’§à“≈¥≈ß‡¡◊ËÕ‡æ‘Ë¡‡«≈“∫¥¡“°¢÷Èπ Õ¬à“ß‰√°Áµ“¡
°“√·¬°‡ø ∑’Ë Õß´÷Ëß‡ªìπº≈÷°¢π“¥‡≈Á° “¡“√∂∑”‰¥â¥â«¬
°“√·¢«π≈Õ¬·≈â«‡∑·¬°‡Õ“πÈ”ÕÕ°‰ªÀ≈“¬Ê §√—Èß ®π‡À≈◊Õ
·µàº≈÷°¢π“¥„À≠à‡æ◊ËÕπ”‰ª„™âß“πµàÕ‰ª

‡π◊ËÕß®“°º≈÷°∑’Ë¡’¢π“¥‡≈Á°‡À≈à“π’È‰¡à “¡“√∂‡°‘¥°“√
®—¥‡√’¬ßµ—«„π¢≥–∑’Ë∂Ÿ°Õ—¥„π™àÕß«à“ß√Ÿª ’Ë‡À≈’Ë¬¡∫“ß „π°“√
‡µ√’¬¡µ—«Õ¬à“ß‡æ◊ËÕ∑¥ Õ∫¥â«¬‡∑§π‘§°“√‡≈’È¬«‡∫π¢Õß√—ß ’
‡Õ°´å  à«πº≈÷°∑’Ë¡’¢π“¥„À≠à·≈–¡’§«“¡Àπ“πâÕ¬À√◊Õ§àÕπ
¢â“ß∫“ß  ¥—ß‡™àπº≈÷°∑’Ë‡°‘¥®“°°“√‡µ√’¬¡ “√µ—Èßµâπ¥â«¬
‡Õ∑“πÕ≈π—Èπ ∑”„Àâ‡°‘¥°“√®—¥‡√’¬ßµ—«¢Õßº≈÷°„Àâ‡√’¬ßµ—«
µ“¡·π«¢Õß≈—°…≥–·ºàπ∫“ß‰¥â¥’°«à“ ‚¥¬¡’Àπâ“º≈÷°∑’Ëµ—Èß

Figure 2. SEM micrographs of ST7 crystal syn-
thesized by MSS when starting powder
milled in (a-c) acetone and (d-f) ethanol
for 3.5, 7 and 21 h respectively.

Figure 3. XRD  patterns  of  ST7  crystal  when
starting powder milled in (a-c) acetone
and (d-f) ethanol for 3.5, 7 and 21 h
respectively.
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©“°°—∫§«“¡Àπ“Õ¬Ÿà„π√–π“∫‡¥’¬«°—∫™àÕß«à“ß√Ÿª ’Ë‡À≈’Ë¬¡
∫“ß‰¥â¡“°∑’Ë ÿ¥ ∑”„Àâ§à“°“√®—¥‡√’¬ßº≈÷°∑’Ë¡“°∑’Ë ÿ¥‡ªìπº≈÷°
∑’Ë‡µ√’¬¡ “√µ—Èßµâπ¥â«¬‡Õ∑“πÕ≈  ®“°°“√«‘‡§√–Àå‡∫◊ÈÕßµâπ
æ∫«à“°“√‡√’¬ßµ—«‡ªìπ‰ªµ“¡√–π“∫ (00l) ®÷ß∑”„Àâ∑√“∫«à“
√–π“∫¢ÕßÀπâ“º≈÷°∑’Ëµ—Èß©“°°—∫§«“¡Àπ“§◊Õ√–π“∫ (00l)
 ”À√—∫§à“°“√®—¥‡√’¬ßµ—«¢Õßº≈÷°∑’Ë‡µ√’¬¡ “√µ—Èßµâπ¥â«¬°“√
∫¥„π·Õ´’‚∑π 21 ™—Ë«‚¡ß ¡’§à“‡æ‘Ë¡¡“°°«à“∑’Ë 7 ™—Ë«‚¡ßπ—Èπ
¬—ß‰¡à “¡“√∂Õ∏‘∫“¬‰¥â«à“‡ªìπ‡æ√“–‡Àµÿ„¥

 √ÿªº≈°“√∑¥≈Õß

®“°º≈°“√»÷°…“ªí®®—¬¢Õß¢Õß‡À≈« ”À√—∫°“√∫¥
§◊Õ ·Õ´’‚∑π ·≈–‡Õ∑“πÕ≈ ·≈–‡«≈“∫¥ 3.5, 7 ·≈– 21
™—Ë«‚¡ß µàÕ —≥∞“πº≈÷° ST7 ´÷Ëßª≈Ÿ°„π‡°≈◊Õ‚æ·∑ ‡´’¬¡
§≈Õ‰√¥å ∑’ËÕÿ≥À¿Ÿ¡‘ 1250oC ‡ªìπ‡«≈“ 4 ™—Ë«‚¡ß   “¡“√∂
 √ÿª‰¥â¥—ßπ’È

1. °“√∫¥„π‡Õ∑“πÕ≈À√◊Õ·Õ´’‚∑π ∑”„Àâ “√µ—Èßµâπ
(SrCO

3
 ·≈– TiO

2
) ¡’¢π“¥‡≈Á°≈ß‰¥â„°≈â‡§’¬ß°—π

2. °“√∫¥ “√µ—Èßµâπ„π‡Õ∑“πÕ≈∑”„Àâ°“√ª≈Ÿ°º≈÷°
ST7 ∑’Ë¡’√Ÿª√à“ß ’Ë‡À≈’Ë¬¡·∫π ¡’§«“¡Àπ“πâÕ¬°«à“°“√∫¥„π
·Õ´’‚∑π Ÿß ÿ¥∂÷ß 3 ‡∑à“

3. °“√∫¥ “√µ—Èßµâπ„π‡Õ∑“πÕ≈∑”„Àâ¡’‡ø ∑’Ë Õß„π
°“√ª≈Ÿ°º≈÷°πâÕ¬°«à“®“°°“√‡µ√’¬¡ “√µ—Èßµâπ¥â«¬·Õ ’́‚∑π
´÷ËßÕ“®‡ªìπº≈¡“®“°°“√≈–≈“¬¢Õß SrCO

3
 „π‡Õ∑“πÕ≈‰¥â

∑”„Àâ SrCO
3
 ¡’°“√°√–®“¬µ—«‡°“–¬÷¥√Õ∫ºß TiO

2
 ∑”„Àâ

ªØ‘°‘√‘¬“‡°‘¥‰¥â¥’°«à“ ·≈–°“√»÷°…“π’Èæ∫«à“‡«≈“∫¥‰¡à¡’ à«π
™à«¬„π°“√‡°‘¥ªØ‘°‘√‘¬“

4. ‡¡◊ËÕ‡«≈“∫¥¡“°¢÷Èπ  º≈÷°¢π“¥„À≠à∑’Ëª≈Ÿ°‰¥â¡’

¢π“¥‡≈Á°≈ß‡≈Á°πâÕ¬  ·µàº≈÷°¢π“¥‡≈Á°¡’®”π«π¡“°¢÷Èπ
 Õ¥§≈âÕß°—∫§à“°“√®—¥‡√’¬ßº≈÷°∑’Ë¡’§à“ Ÿß ÿ¥‡¡◊ËÕ∫¥¥â«¬‡«≈“
∑’ËπâÕ¬∑’Ë ÿ¥§◊Õ 3.5 ™—Ë«‚¡ß

5. §à“°“√®—¥‡√’¬ßº≈÷°∑’Ë¡“°∑’Ë ÿ¥‡°‘¥®“°º≈÷°∑’Ë
‡µ√’¬¡ “√µ—Èßµâπ¥â«¬‡Õ∑“πÕ≈ º≈÷°¡’¢π“¥„À≠à·≈–¡’§«“¡
Àπ“πâÕ¬À√◊Õ§àÕπ¢â“ß∫“ß

°“√„™â‡Õ∑“πÕ≈‡ªìπ¢Õß‡À≈«„π°“√∫¥®÷ß„Àâº≈¥’°«à“
·Õ´’‚∑π ∑—Èß„π‡√◊ËÕß°“√‡°‘¥ªØ‘°‘√‘¬“∑’Ë¥’°«à“ ·≈–√Ÿª√à“ßº≈÷°
∑’Ë¡’§«“¡Àπ“πâÕ¬°«à“À√◊Õ∫“ß°«à“ ‡À¡“– ¡°—∫°“√π”‰ª„™â
„π°√–∫«π°“√ TGG µàÕ‰ª ‚¥¬‡«≈“∑’Ë‡À¡“– ¡∑’Ë ÿ¥„π
°“√∫¥ “√µ—Èßµâπ¥â«¬‡Õ∑“πÕ≈§◊Õ 3.5 ™—Ë«‚¡ß
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