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∫∑§«“¡«‘®—¬

°“√‡µ√’¬¡·≈–°“√»÷°…“ ¡∫—µ‘∑“ßøî ‘° å¢Õß Y211

∞‘µ‘æß»å ‡§√◊ÕÀß å1* »ÿ¿‡¥™  ÿ®‘πæ√—À¡2 æß…å·°â« Õÿ¥¡ ¡ÿ∑√À‘√—≠3,4

∏—≠πæ π‘≈°”®√3,4 ·≈– ‡ √‘¡ ÿ¢ √—¥‡√àß3,4

∫∑§—¥¬àÕ

ß“π«‘®—¬π’È‰¥â —ß‡§√“–Àå Y2BaCuO5 (Y211) ¥â«¬«‘∏’ªØ‘°‘√‘¬“ ∂“π–¢Õß·¢Áß ¡’ “√µ—Èßµâπ
§◊Õ ¬‘∑‡∑√’¬¡ÕÕ°‰´¥å (Y2O3) ·∫‡√’¬¡§“√å∫Õ‡πµ (BaCO3) ·≈–§Õª‡ªÕ√åÕÕ°‰´¥å (CuO) π” “√
µ—Èßµâπº ¡°—π·≈â«π”‰ª Ÿà°√–∫«π°“√‡º“·∫∫ºß Õß§√—Èß »÷°…“§ÿ≥≈—°…≥–¢Õß “√¥â«¬«‘∏’°“√‡≈’È¬«‡∫π¢Õß
√—ß ’‡Õ° ǻ ·≈–„™â‚ª√·°√¡øŸ≈æ√Õø‡æ◊ËÕÀ“√Ÿª·∫∫‚§√ß √â“ß·≈–°≈ÿà¡ª√‘¿Ÿ¡‘ °≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ
·∫∫ àÕß°√“¥»÷°…“ —≥∞“πæ◊Èπº‘« °“√«—¥‡Õ°´‡√¬å ‡ª°‚µ ‚°ªï·∫∫°√–®“¬æ≈—ßß“π‡æ◊ËÕ«‘‡§√“–Àå∏“µÿ
·≈–°“√«‘‡§√“–Àå§«“¡√âÕπ‡™‘ßÕπÿæ—π∏å‡æ◊ËÕÀ“§à“¢ÕßÕÿ≥À¿Ÿ¡‘‡æÕ√å√‘‡∑§µ‘§æ∫«à“  “√¡’√Ÿª·∫∫‚§√ß √â“ß
·∫∫ÕÕ‚∑√Õ¡∫‘° ·≈–¡’°≈ÿà¡ª√‘¿Ÿ¡‘·∫∫ Pbnm ¡’¢π“¥¢Õß‡°√πª√–¡“≥ 1 ‰¡‚§√‡¡µ√ ª√“»®“° “√‡®◊Õ
·≈–¡’ªØ‘°‘√‘¬“·∫∫¥Ÿ¥§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 995°C

§” ”§—≠: ªØ‘°‘√‘¬“ ∂“π–¢Õß·¢Áß Y211  “√ª°µ‘
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Preparation and Study on the Physical Properties
of Y211
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ABSTRACT

In this research, Y2BaCuO5 (Y211) was synthesized by solid state reaction,
using yttrium oxide (Y2O3), barium carbonate (BaCO3) and copper oxide (CuO) as the reactants.
They were mixed and underwent calcination twice. The sample was characterized by X-ray
diffraction (XRD) and the FullProf program was used to determine the crystal structure and
space group. Surface morphology studies were performed using scanning electron microscopy
(SEM); element analyses were carried out by energy dispersive X-ray spectroscopy (EDX).
Finally, the peritectic temperature was determined by differential thermal analysis (DTA).
The crystal structure of the sample was found to be orthorhombic with a Pbnm space group.
The Y211 had a grain size of about 1 µm without any impurities and the endothermic reaction
was found at 995°C.
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∫∑π”
µ—«π”¬«¥¬‘Ëß‡ªìπµ—«π”∑’Ë ‰¡à¡’§«“¡µâ“π∑“π‰øøÑ“„π ¿“æÀπ÷Ëß ∂Ÿ°§âπæ∫‚¥¬π—°øî ‘° å

™“«‡π‡∏Õ√å·≈π¥å ™◊ËÕ §“√å‡¡Õ√å≈‘ßπå ÕÕπ‡π  [1] „πªï §.». 1911 ÷́Ëß‡¢“‰¥â»÷°…“°“√«—¥§«“¡µâ“π∑“π
‰øøÑ“¢Õßª√Õ∑ ‚¥¬„ àª√Õ∑≈ß„π¿“™π–√Ÿª«ß·À«π·≈â«·™à≈ß„πŒ’‡≈’¬¡‡À≈«‡æ◊ËÕ≈¥Õÿ≥À¿Ÿ¡‘¢Õß “√
º≈ª√“°Ø«à“ª√Õ∑∑’Ë∂Ÿ°À≈àÕ‡¬Áπ¥â«¬Œ’‡≈’¬¡‡À≈«π’È®–¡’Õÿ≥À¿Ÿ¡‘≈¥≈ßÕ¬à“ß ¡Ë”‡ ¡Õ®π°√–∑—Ëß∂÷ßÕÿ≥À¿Ÿ¡‘∑’Ë
4.2 ‡§≈«‘π §«“¡µâ“π∑“π‰øøÑ“¢Õßª√Õ∑≈¥≈ß‡ªìπ»Ÿπ¬åÕ¬à“ß∑—π∑’∑—π„¥ ‡√’¬° ¿“«–‡™àππ’È«à“  ¿“æπ”¬«¥¬‘Ëß
(superconductivity) ·≈–‡√’¬°Õÿ≥À¿Ÿ¡‘∑’Ë∑”„Àâ§«“¡µâ“π∑“π‰øøÑ“¢Õßª√Õ∑¡’§à“‡ªìπ»Ÿπ¬åÕ¬à“ß∑—π∑’∑—π„¥π’È«à“
Õÿ≥À¿Ÿ¡‘«‘°ƒµ (critical temperature:Tc) À≈—ß®“°°“√§âπæ∫ ¿“æ‰√â§«“¡µâ“π∑“π‰øøÑ“„πªï §.». 1911
·≈â« π—°«‘∑¬“»“ µ√å‰¥âæ¬“¬“¡§âπ§«â“«‘®—¬‡æ◊ËÕ„Àâ‰¥âµ—«π”¬«¥¬‘Ëß™π‘¥„À¡àÊ „Àâ¡’Õÿ≥À¿Ÿ¡‘«‘°ƒµ Ÿß¢÷Èπ ·µà
æ—≤π“‰¥âÕ¬à“ß‡™◊ËÕß™â“ ®π°√–∑—Ëß„πªï §.». 1986 ‰¥â¡’°“√§âπæ∫§√—Èß ”§—≠¢Õßµ—«π”¬«¥¬‘ËßÕ’°§√—ÈßÀπ÷Ëß
‚¥¬‡∫∑πÕ ·≈–¡Ÿ≈‡≈Õ√å [2] µ—«π”¬«¥¬‘Ëß∑’Ë ‰¥â§âπæ∫‡ªìπµ—«π”¬«¥¬‘Ëß°≈ÿà¡„À¡à∑’Ë¡’Õß§åª√–°Õ∫
¢Õß§Õª‡ªÕ√å·≈–ÕÕ°´‘‡®π ‡√’¬°µ—«π”¬«¥¬‘Ëß∑’Ë¡’ “√ª√–°Õ∫ Õß™π‘¥π’È«à“ µ—«π”¬«¥¬‘Ëß°≈ÿà¡§‘«‡æ√∑
(Cuprate) ÷́Ëß “√π’È°Á§◊Õ La2BaCuO4 ‡ªìπ “√ª√–‡¿∑‡´√“¡‘° å ‚¥¬∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß¡’ ¿“æ‡ªìπ©π«π‰øøÑ“
·µà‡¡◊ËÕ≈¥Õÿ≥À¿Ÿ¡‘≈ßª√–¡“≥ 30 ‡§≈«‘π®–¡’ ¿“æπ”¬«¥¬‘Ëß

®“°π—ÈπÕ’°Àπ÷Ëßªï∂—¥¡“„πªï §.». 1987 «Ÿ ·≈–§≥– [3] ‰¥â§âπæ∫µ—«π”¬«¥¬‘Ëß°≈ÿà¡§‘«‡æ√∑
Õ’°°≈ÿà¡Àπ÷Ëß∑’Ë¡’Õß§åª√–°Õ∫¢Õß∏“µÿ¬‘∑‡∑√’¬¡ (Y) ·∫‡√’¬¡ (Ba) §Õª‡ªÕ√å (Cu) ·≈–ÕÕ° ‘́‡®π (O)
‡√’¬°µ—«π”¬«¥¬‘Ëß°≈ÿà¡π’È«à“ Y123 ¡’ Ÿµ√∑“ß‡§¡’‡ªìπ YBa2Cu3O7-x ¡’Õÿ≥À¿Ÿ¡‘«‘°ƒµ Ÿß∂÷ß 92 ‡§≈«‘π
´÷Ëß Ÿß°«à“®ÿ¥‡¥◊Õ¥¢Õß‰π‚µ√‡®π‡À≈«∑’ËÕÿ≥À¿Ÿ¡‘ 77 ‡§≈«‘π ¥—ßπ—Èπ„π°“√„™âß“πµ—«π”¬«¥¬‘Ëß™π‘¥π’È®÷ß
 “¡“√∂„™â‰π‚µ√‡®π‡À≈«‡ªìπ “√À≈àÕ‡¬Áπ‡æ◊ËÕ„™â„π°“√≈¥Õÿ≥À¿Ÿ¡‘¢Õß “√‰¥â Õ’°∑—Èß‰π‚µ√‡®π‡À≈«À“ßà“¬
√“§“∂Ÿ° ¥—ßπ—Èπ°“√§âπæ∫§√—Èßπ’È®÷ß∑”„Àâ°“√∑¥≈Õß·≈–°“√ —ß‡§√“–Àåµ—«π”¬«¥¬‘Ëßπ’È “¡“√∂∑”‰¥âßà“¬¢÷Èπ
√«¡∑—Èß°“√ª√—∫ª√ÿß ¡∫—µ‘¢Õßµ—«π”¬«¥¬‘Ëß°≈ÿà¡π’È “¡“√∂π” “√ª°µ‘À≈“¬™π‘¥‡æ‘Ë¡‡¢â“‰ª ‚¥¬ “√ª°µ‘
™π‘¥Àπ÷Ëß∑’Ëπ‘¬¡π”‰ªº ¡ §◊Õ Y211 [4] ¡’ Ÿµ√∑“ß‡§¡’‡ªìπ Y2BaCuOx ´÷Ëß “√π’È “¡“√∂‡æ‘Ë¡§à“¢Õß
°√–· «‘°ƒµ (critical current) [5] „Àâ¡’§à“∑’Ë Ÿß¢÷Èπ Õ’°∑—Èß¬—ß “¡“√∂µ√÷ß π“¡·¡à‡À≈Á°∑’Ë‡°‘¥¢÷Èπ„π Y123
„Àâ¡’§à“ ¡Ë”‡ ¡Õ ·≈–®–∑”„Àâ¡’§à“ π“¡·¡à‡À≈Á°«‘°ƒµ (critical magnetic field)  Ÿß¢÷Èπµ“¡‰ª¥â«¬
∂÷ß·¡â«à“≈—°…≥–‚§√ß √â“ß ¡∫—µ‘∫“ßª√–°“√¢Õß Y211 ‰¥â∂Ÿ°π”‡ πÕ‰«â„πÀπ—ß ◊Õ‡√◊ËÕß çMelt processed
High Temperature Superconductoré [6] ¬—ß‰¡à§√∫∂â«π„π¥â“π°“√‡µ√’¬¡‡æ◊ËÕ„Àâ‰¥â “√ Y211 ∑’Ë
∫√‘ ÿ∑∏‘Ï ·≈– ¡∫—µ‘∑“ß°“¬¿“æ ÷́Ëß®–∑”„Àâ‡°‘¥§«“¡‡¢â“„®‡°’Ë¬«°—∫ ¡∫—µ‘¢Õß “√π’ÈπâÕ¬®– àßº≈„Àâ‡°‘¥
§«“¡‡¢â“„®„π Y123 πâÕ¬µ“¡‰ª¥â«¬

ß“π«‘®—¬π’È®÷ß‰¥â‡µ√’¬¡ “√ Y211 ·∫∫‡ø ‡¥’Ë¬«¢÷Èπ¡“‡æ◊ËÕ»÷°…“ ¡∫—µ‘∑“ßøî ‘° å¥â«¬«‘∏’°“√
‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ°´å (X-ray Diffraction: XRD) °≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ (Scanning
Electron Microscope: SEM) ‡Õ°´‡√¬å ‡ª°‚µ ‚°ªï·∫∫°“√°√–®“¬æ≈—ßß“π (Energy Dispersive
X-ray  Spectroscopy: EDX) ·≈–°“√«‘‡§√“–Àå§«“¡√âÕπ‡™‘ßÕπÿæ—π∏å (Differential Thermal Analysis:
DTA)  ÷́Ëß®–„Àâ¢âÕ¡Ÿ≈‡°’Ë¬«°—∫°“√‡µ√’¬¡ Y211 ∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ï Ÿß ·≈–®–‡ªìπª√–‚¬™πå„π°“√π”‰ª„™â
„π°“√ª√—∫ª√ÿß§ÿ≥¿“æ¢Õß Y123 µàÕ‰ª
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«‘∏’°“√∑¥≈Õß
§≥–ºŸâ«‘®—¬‰¥â‡µ√’¬¡ “√ª°µ‘π’È¢÷Èπ¥â«¬«‘∏’ªØ‘°‘√‘¬“ ∂“π–¢Õß·¢Áß (solid state reaction)

¡’ “√µ—Èßµâπ §◊Õ ¬‘∑‡∑√’¬¡ÕÕ°‰´¥å (Y2O3) ®”π«π 9.84 °√—¡ ·∫‡√’¬¡§“√å∫Õ‡πµ (BaCO3) ®”π«π
8.60 °√—¡ ·≈–§Õª‡ªÕ√åÕÕ°‰´¥å (CuO) ®”π«π 3.47 °√—¡ ¡’§«“¡∫√‘ ÿ∑∏‘Ï 99.99 ‡ªÕ√å‡´Áπµå ®“°π—Èπ
π”ª√‘¡“≥ “√∑—Èß “¡¡“º ¡„Àâ‡¢â“°—π„π§√°Õ–≈Ÿ¡‘π“·≈â«π”‰ª Ÿà°√–∫«π°“√‡º“·∫∫ºß (calcination)
´÷Ëß¡’°√–∫«π°“√‡º“ ¥—ßπ’È

°√–∫«π°“√‡º“§√—Èß∑’Ë 1
‡√‘Ë¡µâπ°√–∫«π°“√‡º“∑’ËÕÿ≥À¿Ÿ¡‘ 100 Õß»“‡´≈‡ ’́¬  ®“°π—Èπ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘¥â«¬Õ—µ√“ 20 Õß»“

‡´≈‡ ’́¬ µàÕπ“∑’ ®π°√–∑—ËßÕÿ≥À¿Ÿ¡‘∂÷ß 950 Õß»“‡´≈‡ ’́¬  §ß∑’ËÕÿ≥À¿Ÿ¡‘π’È‰«â 24 ™—Ë«‚¡ß ®“°π—Èπ≈¥
Õÿ≥À¿Ÿ¡‘≈ß¥â«¬Õ—µ√“ 20 Õß»“‡´≈‡´’¬  ®πÕÿ≥À¿Ÿ¡‘≈¥≈ß∂÷ß 100 Õß»“‡´≈‡ ’́¬  ´÷Ëß¡’°√–∫«π°“√‡º“
¥—ß√Ÿª∑’Ë 1 ¥—ßπ’È

√Ÿª∑’Ë 1 · ¥ß°√–∫«π°“√‡º“§√—Èß∑’Ë 1

‡¡◊ËÕ‡ √Á® ‘Èπ°√–∫«π°“√‡º“§√—Èß∑’Ë 1 ·≈â«  “√∑’Ë‰¥â®–¡’≈—°…≥– ’‡¢’¬«‡°“–µ—«°—π·πàπ ®“°π—Èπ
π”‰ª∫¥„Àâ‡ªìπºß≈–‡Õ’¬¥ ·≈â«π”‰ª°√Õß¥â«¬µ–·°√ß¢π“¥ 150 ‰¡‚§√‡¡µ√ ‡æ◊ËÕ§—¥‡≈◊Õ°¢π“¥¢Õß
Õπÿ¿“§¢Õß “√ ®“°π—Èππ”‰ª‡º“§√—Èß∑’Ë Õß ´÷Ëß¡’°√–∫«π°“√‡º“·∫∫‡¥’¬«°—∫°√–∫«π°“√‡º“§√—Èß∑’Ë 1
π” “√∑’Ë¡’≈—°…≥–‡ªìπºßπ’È»÷°…“ ¡∫—µ‘∑“ßøî ‘° å¥â«¬«‘∏’°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ°´å ‚¥¬„™â‡§√◊ËÕß¡◊Õ√ÿàπ
D8 discovery diffractometer ‡√‘Ë¡∑”°“√«—¥®“°¡ÿ¡ 10 Õß»“ ®π∂÷ß¡ÿ¡ 90 Õß»“ ¥â«¬Õ—µ√“ 0.02 Õß»“
µàÕ«‘π“∑’ π”¢âÕ¡Ÿ≈¥‘∫∑’Ë‰¥â®“°°“√«—¥‰ªÀ“§à“§ßµ—«¢ÕßÀπà«¬‡´≈≈å (lattice parameter) ·≈–°≈ÿà¡ª√‘¿Ÿ¡‘
(space group) ‚¥¬„™â‚ª√·°√¡øŸ≈æ√Õø [7] ®“°π—Èππ” “√‰ª»÷°…“æ◊Èπº‘«¥â«¬°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥∑’Ë°”≈—ß¢¬“¬ 2,000 ·≈– 5,000 ‡∑à“ ‡Õ°´‡√¬å ‡ª°‚µ ‚°ªï·∫∫°“√°√–®“¬
æ≈—ßß“π‡æ◊ËÕ«‘‡§√“–Àå∏“µÿ „™â‡§√◊ËÕß¡◊Õ√ÿàπ JSM 5800LV ·≈–°“√«‘‡§√“–Àå§«“¡√âÕπ‡™‘ßÕπÿæ—π∏å
„™â‡§√◊ËÕß¡◊Õ√ÿàπ Netzsch 409 ‚¥¬‡√‘Ë¡∑”°“√∑¥≈Õß ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ®“°π—Èπ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘¥â«¬Õ—µ√“ 20 Õß»“

°C

950°C ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß

20°C µàÕπ“∑’ 20°C µàÕπ“∑’

‡«≈“ (™—Ë«‚¡ß)
100°C 100°C



«“√ “√«‘∑¬“»“ µ√å ¡»« ªï∑’Ë 28 ©∫—∫∑’Ë 1 (2555) 83

‡´≈‡ ’́¬ µàÕπ“∑’ ®π°√–∑—ËßÕÿ≥À¿Ÿ¡‘∂÷ß 950 Õß»“‡´≈‡´’¬  ·≈â«‡ª≈’Ë¬πÕ—µ√“°“√‡æ‘Ë¡¢÷Èπ¢ÕßÕÿ≥À¿Ÿ¡‘‡ªìπ
2 Õß»“‡´≈‡´’¬ µàÕπ“∑’ ®π°√–∑—Ëß∂÷ßÕÿ≥À¿Ÿ¡‘ 1,150 Õß»“‡´≈‡ ’́¬  µ“¡≈”¥—∫

º≈°“√∑¥≈Õß
π” “√∑’Ë‰¥â®“°°√–∫«π°“√‡º“§√—Èß ÿ¥∑â“¬∑’Ë¡’≈—°…≥–‡ªìπºß»÷°…“ ¡∫—µ‘∑“ßøî ‘° åµ“¡≈”¥—∫

¢Õß‡§√◊ËÕß¡◊Õ ´÷Ëß¡’º≈°“√∑¥≈Õß ¥—ßπ’È

°“√«—¥¥â«¬°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ°´å
°“√«—¥¥â«¬°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ°´å‡ªìπ°“√∑¥≈Õß‡æ◊ËÕ»÷°…“‚§√ß √â“ß¢Õß “√‚¥¬°“√¬‘ß

√—ß ’‡Õ°´å‰ª¬—ß “√∑’ËµâÕß°“√®–»÷°…“ √—ß ’‡Õ° ǻπ’È¡’·À≈àß°”‡π‘¥®“°∑Õß·¥ß (Cu) ∑’Ë„™â‡ªìπ‡ªÑ“¢Õß‡§√◊ËÕß‡Õ°´‡√¬å
´÷Ëß®–„Àâ§«“¡¬“«§≈◊Ëπ‡∑à“°—∫ 1.5406 Õ—ß µ√Õ¡ (Å) ‡¡◊ËÕ√—ß ’‡Õ°´åπ’Èºà“π‡¢â“‰ª„πº≈÷°®–‡°‘¥°“√‡≈’È¬«
‡∫π‡°‘¥¢÷Èπ √—ß ’∑’Ë‡≈’È¬«‡∫π®–∂Ÿ°µ√«®®—∫§«“¡‡¢â¡ (intensity) ¥â«¬À—««—¥ (detector) ∑’Ë¡ÿ¡µà“ßÊ °—π
°“√‡≈’È¬«‡∫π∑’Ë‡°‘¥¢÷Èπ®–‡ªìπ‰ªµ“¡ ¡°“√¢Õß·∫√°°å (Bragg) ¥—ß ¡°“√ 2dsinθ=nλ [8] ‡¡◊ËÕ d §◊Õ √–¬–
Àà“ß√–À«à“ß√–π“∫„πº≈÷°¡’Àπà«¬‡ªìπÕ—ß µ√Õ¡ (Å) θ §◊Õ ¡ÿ¡∑’Ë√—ß ’µ°°√–∑∫∑”°—∫√–π“∫¢Õßº≈÷°¡’
Àπà«¬‡ªìπ‡√‡¥’¬π n §◊Õ ‡≈¢®”π«π‡µÁ¡ λ §◊Õ §«“¡¬“«§≈◊Ëπ¡’§à“‡∑à“°—∫ 1.5406 Õ—ß µ√Õ¡ (Å)  ”À√—∫
∑Õß·¥ß ®“°π—Èππ”¢âÕ¡Ÿ≈¥‘∫ (raw data) ∑’Ë‰¥â®“°°“√∑¥≈Õßπ”¡“«‘‡§√“–Àå¥â«¬‚ª√·°√¡øŸ≈æ√Õø‡æ◊ËÕÀ“
√Ÿª·∫∫‚§√ß √â“ß§à“§ßµ—«¢ÕßÀπà«¬‡´≈≈å·≈–°≈ÿà¡ª√‘¿Ÿ¡‘ ´÷Ëß¡’º≈°“√∑¥≈Õß ¥—ßπ’È

√Ÿª∑’Ë 2 √Ÿª·∫∫°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ°´å¢Õß Y211 «ß°≈¡‡ªìπ¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√∑¥≈Õß ‡ âπ ’¥”‡ªìπ
¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√§”π«≥ ·≈–·∂∫„µâ°√“ø §◊Õ µ”·Àπàß¢Õß·∫√°°å (Bragg)
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º≈°“√«‘‡§√“–Àå æ∫«à“  “√™π‘¥π’È¡’‚§√ß √â“ß·∫∫ÕÕ‚∑√Õ¡∫‘° ¡’§à“§ßµ—«¢ÕßÀπà«¬‡´≈≈å‡∑à“°—∫
a = 7.1403 Å, b = 12.1921 Å ·≈– c = 5.6523 Å ¡’°≈ÿà¡ª√‘¿Ÿ¡‘‡ªìπ·∫∫ Pbnm (No. 62 International
Table) [9]

°“√«‘‡§√“–Àå ¿“ææ◊Èπº‘«¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥
°“√«‘‡§√“–Àå ¿“ææ◊Èπº‘«¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥‡ªìπ«‘∏’°“√»÷°…“æ◊Èπº‘«

·≈–¢π“¥¢Õß‡°√π °“√∑¥≈Õßπ’È„™â “√∑’Ë¡’≈—°…≥–‡ªìπºß¡“µ‘¥¥â«¬‡∑ª°“«§“√å∫Õπ ÕßÀπâ“·≈â«π”‰ª«“ß
∑’Ë®—∫ “√µ—«Õ¬à“ß (sample holder) ·≈â«„™â°”≈—ß¢¬“¬¢π“¥ 2,000 ·≈– 5,000 ‡∑à“ ‚¥¬‰¡àµâÕß‡§≈◊Õ∫
¥â«¬∑Õß ‚¥¬æ∫«à“ “√π’È¡’¢π“¥¢Õß‡°√π‚¥¬‡©≈’Ë¬‡∑à“°—∫ 1 ‰¡‚§√‡¡µ√ ¡’¿“æ∂à“¬º‘«¢Õß “√ ¥—ßπ’È

√Ÿª∑’Ë 3 ¿“æ∂à“¬º‘«¢Õß Y211 ∑’Ë°”≈—ß¢¬“¬ 2,000 ·≈– 5,000 ‡∑à“

°“√«—¥·∫∫‡Õ°´‡√¬å ‡ª°‚µ ‚°ªï·∫∫°“√°√–®“¬æ≈—ßß“π
‡¡◊ËÕ∑¥≈Õß¥â«¬«‘∏’°“√«‘‡§√“–Àå ¿“ææ◊Èπº‘«·≈â« „π¢≥–‡¥’¬«°—π “¡“√∂∑”°“√∑¥≈Õß¥â«¬«‘∏’

°“√«—¥¥â«¬«‘∏’‡Õ°´‡√¬å ‡ª°‚µ ‚°ªï·∫∫°“√°√–®“¬æ≈—ßß“π‡æ◊ËÕ„™â„π°“√«‘‡§√“–Àå∏“µÿ æ∫«à“  “√¡’®”π«π
Õ—µ√“ à«π¢Õß¬‘∑‡∑√’¬¡ (Y) ·∫‡√’¬¡ (Ba) §Õª‡ªÕ√å (Cu) ·≈–ÕÕ°´‘‡®π (O) ∑’Ë·µ°µà“ß°—π ‚¥¬‰¡àæ∫
 “√‡®◊Õ„¥Ê ´÷Ëß “√π’È¡’µ—«‡≈¢ “¡µ—« µ—«‡≈¢µ—«·√°®–· ¥ßÕ—µ√“ à«π¢Õß∏“µÿ¬‘∑‡∑√’¬¡ µ—«‡≈¢µ—«∑’Ë Õß
· ¥ßÕ—µ√“ à«π¢Õß∏“µÿ·∫‡√’¬¡ ·≈–µ—«‡≈¢µ—« ÿ¥∑â“¬· ¥ßÕ—µ√“ à«π¢Õß∏“µÿ§Õª‡ªÕ√å µ“¡≈”¥—∫
®“°¢âÕ¡Ÿ≈¥‘∫∑’Ë‰¥â®“°°“√∑¥≈Õß®–√“¬ß“πª√‘¡“≥¢Õß∏“µÿ∑’Ë‡ªìπÕß§åª√–°Õ∫Õ¬Ÿà„π√Ÿª¢Õß‡ªÕ√å‡´Áπµå¢Õß
∏“µÿ∑—Èß 4 ™π‘¥ ®“°π—ÈπºŸâ«‘®—¬‰¥â§”π«≥‚¥¬∑”°“√ª√—∫§à“„ÀâÕ—µ√“ à«π¢Õß “√·µà≈– Ÿµ√µ√ß°—∫Õ—µ√“ à«π
¢Õß‡≈¢µ—«·√°°àÕπ ·≈â«§”π«≥Õ—µ√“ à«π¢Õß ·∫‡√’¬¡ §Õª‡ªÕ√å ·≈–ÕÕ°´‘‡®π ∂—¥‰ª  “¡“√∂· ¥ß
¢âÕ¡Ÿ≈¢ÕßÕ—µ√“ à«π¢Õßª√‘¡“≥∏“µÿµà“ßÊ ∑’Ë‰¥â®“°°“√ª√—∫§à“‰¥âæ∫«à“¡’ —¥ à«π¢Õß Y: Ba: Cu: O §‘¥‡ªìπ
 —¥ à«π 1.4: 1: 1.1: 2.8 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ Ÿµ√µ—Èßµâπ¢Õß “√·≈â«æ∫«à“Õ—µ√“ à«π¢Õß·∫‡√’¬¡·≈–
§Õª‡ªÕ√å¡’§à“‰¡àµ√ß°—∫ Ÿµ√µ—Èßµâπ · ¥ß„Àâ‡ÀÁπ«à“ “√∑’Ë‡µ√’¬¡¢÷Èπ¡’°“√°√–®“¬µ—«¢Õßª√‘¡“≥∏“µÿµà“ßÊ
∑’Ë‰¡à ¡Ë”‡ ¡Õ ¥—ß√Ÿª∑’Ë 4 · ¥ßª√‘¡“≥∏“µÿ¢Õß “√
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√Ÿª∑’Ë 4 ª√‘¡“≥∏“µÿ∑’Ë¡’Õ¬Ÿà„π Y211

°“√»÷°…“¥â«¬°“√«‘‡§√“–Àå§«“¡√âÕπ‡™‘ßÕπÿæ—π∏å
°“√«‘‡§√“–Àå§«“¡√âÕπ‡™‘ßÕπÿæ—π∏å‡ªìπ°“√∑¥≈Õß∑’Ë„™â„π°“√«‘‡§√“–Àåº≈µà“ß‡™‘ß§«“¡√âÕπ¢Õß

 “√µ—«Õ¬à“ß°—∫ “√Õâ“ßÕ‘ß ´÷Ëß®–¡’‡∑Õ√å¡Õ§—ª‡ªîô≈µ‘¥Õ¬Ÿà°—∫ “√∑—Èß Õß ‚¥¬®–„Àâ‡∑Õ√å¡Õ§—ª‡ªîô≈µ‘¥°—∫ “√
µ—«Õ¬à“ß‡ªìπ T1 ·≈–µ‘¥°—∫ “√Õâ“ßÕ‘ß‡ªìπ T2 º≈µà“ß¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë‰¥â®–·ª√º≈„π√Ÿª¢Õß·√ß‡§≈◊ËÕπ‰øøÑ“
(electromotive force) °“√æ‘®“√≥“ªØ‘°‘√‘¬“∑“ß§«“¡√âÕπ “¡“√∂æ‘®“√≥“‰¥â¥—ßπ’È §◊Õ ∂â“º≈µà“ß¢Õß·√ß
‡§≈◊ËÕπ‰øøÑ“¢Õß “√µ—«Õ¬à“ß¡“°°«à“ “√Õâ“ßÕ‘ß (T1-T2>0) ®–¡’ªØ‘°‘√‘¬“∑“ß§«“¡√âÕπ·∫∫§“¬§«“¡√âÕπ
·≈–º≈µà“ß¢Õß·√ß‡§≈◊ËÕπ‰øøÑ“¢Õß “√µ—«Õ¬à“ßπâÕ¬°«à“ “√Õâ“ßÕ‘ß (T1-T2<0) ®–¡’ªØ‘°‘√‘¬“∑“ß§«“¡√âÕπ
·∫∫¥Ÿ¥§«“¡√âÕπ [10]  ”À√—∫º≈°“√∑¥≈Õß¢Õß Y211 ¡’ªØ‘°‘√‘¬“∑“ß§«“¡√âÕπ·∫∫¥Ÿ¥§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘
995 Õß»“‡´≈‡ ’́¬  ÷́ËßÕÿ≥À¿Ÿ¡‘π’È∑’Ë∑”„Àâ “√‡°‘¥°“√‡ª≈’Ë¬π ¿“æ‡ªìπ “√ª√–°Õ∫Õ◊Ëπ [11] À√◊Õ∑’Ë
‡√’¬°«à“Õÿ≥À¿Ÿ¡‘‡æÕ√å√‘‡∑§µ‘§ ¥—ßπ—Èπ°àÕπ°“√‡µ√’¬¡ “√®÷ß§«√®–∑√“∫§à“¢ÕßÕÿ≥À¿Ÿ¡‘π’È°àÕπ‡æ◊ËÕªÑÕß°—π
°“√‡°‘¥ “√ª√–°Õ∫Õ◊Ëπ∑’Ë‰¡àµâÕß°“√ ́ ÷Ëß°“√‡°‘¥ªØ‘°‘√‘¬“·∫∫¥Ÿ¥§«“¡√âÕπ¢Õß “√°≈ÿà¡π’È®–‡°‘¥®“°∏“µÿ·∫‡√’¬¡
[12] ‡π◊ËÕß®“°‡ªìπ∏“µÿ∑’Ë¡’®ÿ¥À≈Õ¡‡À≈«µË”∑’Ë ÿ¥¢Õß∏“µÿ∑’Ë‡ªìπÕß§åª√–°Õ∫¢Õß “√°≈ÿà¡π’È ¥—ß√Ÿª∑’Ë 5
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√Ÿª∑’Ë 5 · ¥ßÕÿ≥À¿Ÿ¡‘‡æÕ√å√‘‡∑§µ‘§¢Õß Y211

 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
§≥–ºŸâ«‘®—¬‰¥â‡µ√’¬¡ “√ª°µ‘¢Õß Y211 ·∫∫‡ø ‡¥’Ë¬«∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ï Ÿß¥â«¬«‘∏’ªØ‘°‘√‘¬“

 ∂“π–¢Õß·¢Áß (solid state reaction) ¡’ “√µ—Èßµâπ §◊Õ ¬‘∑‡∑√’¬¡ÕÕ°‰´¥å (Y2O3) ·∫‡√’¬¡§“√å∫Õ‡πµ
(BaCO3) ·≈–§Õª‡ªÕ√åÕÕ°‰´¥å (CuO)  “√∑’Ë‡µ√’¬¡‰¥â≈—°…≥–‡ªìπºß ’‡¢’¬« π” “√π’È∑¥ Õ∫ ¡∫—µ‘∑“ß
øî ‘° å¥â«¬ «‘∏’°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ° ǻæ∫«à“¡’‚§√ß √â“ß·∫∫ÕÕ‚∑√Õ¡∫‘° ¡’§à“§ßµ—«¢ÕßÀπà«¬‡´≈≈å‡∑à“°—∫
a = 7.1403 Å b = 12.1921 Å ·≈– c = 5.6523 Å ·≈–¡’°≈ÿà¡ª√‘¿Ÿ¡‘·∫∫ Pbnm (No. 62 International
Table) °“√«‘‡§√“–Àå ¿“ææ◊Èπº‘«¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ æ∫«à“ ‡°√π¡’¢π“¥‡∑à“°—∫
1 ‰¡‚§√‡¡µ√  ¿“ææ◊Èπº‘« à«π„À≠à¡’√Ÿæ√ÿπ·≈–‰¡à‡ªìπ‡π◊ÈÕ‡¥’¬«°—π‡∑à“∑’Ë§«√ °“√«—¥·∫∫‡Õ°´‡√¬å ‡ª°
‚µ ‚°ªï·∫∫°“√°√–®“¬æ≈—ßß“πæ∫«à“¡’ª√‘¡“≥∏“µÿ¬‘∑‡∑√’¬¡ ·∫‡√’¬¡ §Õª‡ªÕ√å ·≈–ÕÕ°´‘‡®π „πª√‘¡“≥
∑’Ë·µ°µà“ß°—π  “√∑’Ë‡µ√’¬¡¢÷Èπ¡’°“√°√–®“¬µ—«¢Õßª√‘¡“≥∏“µÿµà“ßÊ ∑’Ë‰¡à ¡Ë”‡ ¡Õ‚¥¬‰¡àæ∫ “√Õ◊Ëπ‡®◊Õ
°“√«‘‡§√“–Àå§«“¡√âÕπ‡™‘ßÕπÿæ—π∏åæ∫«à“ “√¡’ªØ‘°‘√‘¬“·∫∫¥Ÿ¥§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 995 Õß»“‡´≈‡ ’́¬ 
´÷Ëß∂◊Õ«à“‡ªìπ°“√§âπæ∫∑’Ë¡’§à“„°≈â‡§’¬ß°—∫Àπ—ß ◊Õ çMelt processed High Temperature Superconductoré
∑’Ë¡’°“√√“¬ß“π‰«â«à“¡’Õÿ≥À¿Ÿ¡‘‡∑à“°—∫ 1,000 Õß»“‡´≈‡ ’́¬ 

„πªï §.». 2011  ÿ®‘πæ√—À¡ ·≈–§≥– [13] ‰¥â∑”°“√∑¥≈Õß«—¥°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ°´å
¢Õßµ—«π”¬«¥¬‘Ëß°≈ÿà¡ Y123 æ∫«à“  “¡“√∂®”·π° à«πº ¡¢Õß Y123 [14] ‰¥â«à“ ¡’ “√π”¬«¥¬‘Ëß 94
‡ªÕ√å‡´Áπµå ·≈– “√ª°µ‘ 6 ‡ªÕ√å‡´Áπµå ´÷Ëß “√ª°µ‘π’È¡’§à“§ßµ—«¢ÕßÀπà«¬‡´≈≈å‡∑à“°—∫ “√¢Õß§≥–ºŸâ«‘®—¬
·≈–¡’°≈ÿà¡ª√‘¿Ÿ¡‘·∫∫‡¥’¬«°—π  “√ª°µ‘¥—ß°≈à“«®–¡’ª√–‚¬™πåµàÕ Y123 ÷́Ëß¡’°≈ÿà¡«‘®—¬¢Õß π“√‘°‘ ·≈–
§≥– [15] ‰¥â»÷°…“º≈¢Õß “√π’È∑’Ë¡’µàÕ Y123 æ∫«à“ Y211 π’È®– “¡“√∂µ√÷ß π“¡·¡à‡À≈Á°∑’Ë‡°‘¥¢÷Èπ„π
Y123 „Àâ¡’§à“ ¡Ë”‡ ¡Õ·≈– Ÿß¢÷Èπ ®÷ß‡ªìπ°“√ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘∑“ß‰øøÑ“¢Õß Y123 „Àâ¥’¢÷Èπ ·≈–¡’§«“¡
 ”§—≠µàÕ°“√ª√–¬ÿ°µå„™âß“π¥â“π·¡à‡À≈Á°¢Õßµ—«π”¬«¥¬‘Ëß°≈ÿà¡π’È‡ªìπÕ¬à“ß¡“°
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°‘µµ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπ®“°¿“§«‘™“øî ‘° å §≥–«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’  ∂“∫—π«‘®—¬

·≈–æ—≤π“ ¡À“«‘∑¬“≈—¬√“™¿—Ø ÿ√“…Æ√å∏“π’ »Ÿπ¬å§«“¡‡ªìπ‡≈‘»¥â“πøî ‘° å Àπà«¬«‘®—¬øî ‘° åª√– “π¡‘µ√
¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤
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