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æÕ≈‘‡¡Õ√å®”√Ÿª (SMPs) ·≈–æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª (SMPCs) ‡ªìπ«— ¥ÿ∑’Ë°≈—∫§◊π√Ÿª√à“ß
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 à«π∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß°≈—∫‰ª¡“‰¥â ∫∑§«“¡π’ÈÕ∏‘∫“¬°≈‰°°“√°√–μÿâπ °“√°≈—∫§◊π√Ÿª ·≈– ¡∫—μ‘‡™‘ß°≈
¢Õß SMPs ·≈– SMPCs °√–μÿâπ¥â«¬Õÿ≥À¿Ÿ¡‘ · ßÕ‘πø“‡√¥  π“¡·¡à‡À≈Á°  π“¡‰øøÑ“ ·≈– “√‡§¡’
ß“π«‘®—¬∑’Ëºà“π¡“√“¬ß“πº≈‡ √‘¡ƒ∑∏‘Ï°—π¢Õß‚∫√Õπ‰π‰μ√¥å/∑àÕπ“‚π§“√å∫Õπ ·≈– ¡∫—μ‘¥’‡¬’Ë¬¡¢Õß
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°“√§◊π√Ÿª¢Õß SMPs °√–μÿâπ¥â«¬ “√‡§¡’¢÷ÈπÕ¬Ÿà°—∫°“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß‡§¡’
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ABSTRACT

Shape memory polymers (SMPs) and shape memory polymer composites (SMPCs)
are materials recovered by external stimulations, and contain important components which are
stable network and reversible switching transition. This review explains stimulation mechanism,
shape recovery and mechanical properties of SMPS and SPMCs induced by temperature,
infrared-light, magnetic field, electrical field and chemical. The previous research works
reported the synergistic effect of boron nitride/carbon nanotube and excellent properties of
thermally reduced graphite oxide which were the reinforcement in epoxy-based SMP stimulated
by temperature and infrared-light, respectively. Ferromagnetic shape memory alloys and
modified carbon nanotubes were used as filler in epoxy-based SMPC induced by magnetic field
and polyurethane/poly(lactic acid)-based SMPC induced by electrical field, respectively.
The dispersion of fillers in polymer matrix and filler-matrix interaction affects to shape
recovery and mechanical properties. Shape memory effect of SMPCs stimulated by temperature,
infrared-light and electrical field depends on thermal conductivity, and shape recovery of SMPs
stimulated by chemical depends on chemical structure change.

Keywords: Shape memory polymers, shape memory polymer composites, epoxy, polyurethane,
stimulations
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∫∑π”
«— ¥ÿ®”√Ÿª‡ªìπ«— ¥ÿ∑’Ë¡’§«“¡ “¡“√∂„π°“√§◊π√Ÿª®“°°“√‡ ’¬√Ÿª·∫∫∂“«√¥â«¬°“√√—∫°“√°√–μÿâπ

®“°¿“¬πÕ° ª√“°Ø°“√≥å¥—ß°≈à“«‡√’¬°«à“ çª√“°Ø°“√≥å®”√Ÿª (shape memory effect, SME) «— ¥ÿ®”√Ÿª
 “¡“√∂·∫àßÕÕ°‰¥â‡ªìπ æÕ≈‘‡¡Õ√å®”√Ÿª ‚≈À–º ¡®”√Ÿª ‡´√“¡‘° å®”√Ÿª·≈–§Õ¡‚æ ‘μ®”√Ÿª ´÷Ëß¡’°“√„™â
ß“πÕ¬à“ß°«â“ß¢«“ß„πß“π¥â“π°“√·æ∑¬å «‘»«°√√¡Õ“°“»¬“π Õÿª°√≥å‡§√◊ËÕß„™â„π∫â“π Õÿª°√≥å‰øøÑ“
Õ‘‡≈Á°∑√Õπ‘° å·≈–™‘Èπ à«π√∂¬πμå ‡ªìπμâπ  ”À√—∫æÕ≈‘‡¡Õ√å®”√Ÿª (shape memory polymer, SMPs)
ª√“°Ø°“√≥å®”√Ÿª®–‡°‘¥¢÷Èπ‰¥â®“°Õß§åª√–°Õ∫ 2  à«π§◊Õ  à«π‚§√ß √â“ß√à“ß·ÀæÕ≈‘‡¡Õ√å∑’Ë‡ ∂’¬√ ·≈–
 à«π∑’Ë “¡“√∂‡ª≈’Ë¬π°≈—∫‰ª¡“‰¥â¥—ß√Ÿª∑’Ë 1 [1]  à«π‚§√ß √â“ß√à“ß·ÀæÕ≈‘‡¡Õ√å∑’Ë‡ ∂’¬√ ‡™àπ ‚§√ß √â“ß°“√
æ—π°—π¢Õß “¬‚ à́‚¡‡≈°ÿ≈ (molecule entanglement) °“√‡™◊ËÕ¡¢«“ß∑“ß‡§¡’ (chemical cross-linking)
·≈–°“√‡°‘¥º≈÷° (crystalline phase) ‡ªìπμâπ μ—«≈ÁÕ§„π√Ÿª∑’Ë 1 §◊Õ∫√‘‡«≥∑’Ë “¡“√∂‡°‘¥°“√‡ª≈’Ë¬π°≈—∫
‰ª¡“‰¥â ‡™àπ °“√‡ª≈’Ë¬π°≈—∫‰ª¡“¢Õß°“√‡°‘¥º≈÷°·≈–°“√À≈Õ¡μ—« °“√‡ª≈’Ë¬π°≈—∫‰ª¡“¢Õß°“√‡™◊ËÕ¡¢«“ß
‡ªìπμâπ [1] æÕ≈‘‡¡Õ√å®”√Ÿª “¡“√∂‡°‘¥ª√“°Ø°“√≥å®”√Ÿª®“°°“√°√–μÿâπ¥â«¬ Õÿ≥À¿Ÿ¡‘ §«“¡™◊Èπ  “√‡§¡’
°“√©“¬· ß  π“¡‰øøÑ“·≈– π“¡·¡à‡À≈Á° [2] ·≈–¡’®ÿ¥‡¥àπ§◊Õ πÈ”Àπ—°‡∫“ μâπ∑ÿπ°“√º≈‘μμË” ™‘Èπß“π
 “¡“√∂‡ ’¬√Ÿª·≈–§◊π√Ÿª‰¥â¥’ ·μà°Á¡’®ÿ¥¥âÕ¬§◊Õ¡’§«“¡‡ ∂’¬√μàÕ§«“¡√âÕπ ¡’§«“¡·¢Áß·√ß·≈–°“√¥Ÿ¥´—∫
·√ß∑’Ë§àÕπ¢â“ßμË”´÷Ëß “¡“√∂·°â‰¢‰¥â‚¥¬°“√º ¡ “√‡ √‘¡·√ß‡¢â“‰ª ‚¥¬ “¡“√∂º ¡‰¥â∑—Èß·∫∫‡™‘ß°“¬¿“æ
°“√º ¡·∫∫‡°‘¥æÕ≈‘‡¡Õ‰√‡´™—π„π√–À«à“ßº ¡ À√◊Õ°“√º ¡ºà“π°“√‡™◊ËÕ¡¢«“ß∑“ß‡§¡’®π‰¥â‡ªìπ æÕ≈‘‡¡Õ√å
§Õ¡‚æ ‘μ®”√Ÿª (shape memory polymer composites, SMPCs) [3] ¡’ “√‡ √‘¡·√ßÀ≈“¬™π‘¥∑’Ë¡’
√“¬ß“π°“√π”‰ª„™â‡æ◊ËÕ„Àâ‰¥â‡ªìπæÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª ¬°μ—«Õ¬à“ß‡™àπ ∑àÕπ“‚π§“√å∫Õπ (carbon
nanotubes, CNTs) [4] ‡ âπ„¬π“‚π§“√å∫Õπ (carbon nanofibers, CNFs) [5] π“‚π‡§≈¬å∑’Ë¡’‚§√ß √â“ß
·∫∫‡ÕÁ°´å‚ø≈‘‡Õμ (exfoliated nanoclay) [6] ‡ªìπμâπ ∫∑§«“¡«‘™“°“√©∫—∫π’ÈμâÕß°“√Õ∏‘∫“¬∂÷ß
ª√“°Ø°“√≥å®”√Ÿª∑’Ë∂Ÿ°°√–μÿâπ¥â«¬Õÿ≥À¿Ÿ¡‘ · ß  π“¡·¡à‡À≈Á°  π“¡‰øøÑ“·≈– “√‡§¡’¢ÕßæÕ≈‘‡¡Õ√å
®”√Ÿª·≈–æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª∑’Ë¡’Õ’æÕ°´’·≈–æÕ≈‘¬Ÿ√’‡∑π‡ªìπ‡¡∑∑√‘°μå®“°°“√‡μ‘¡ “√μ—«‡μ‘¡™π‘¥μà“ßÊ
≈ß‰ª‚¥¬®–Õ∏‘∫“¬°≈‰°°“√°√–μÿâπ·∫∫μà“ßÊ °≈‰°°“√§◊π√Ÿª·≈– ¡∫—μ‘μà“ßÊ ∑’Ë ”§—≠‡™àπ  ¡∫—μ‘‡™‘ß°≈
·≈– ¡∫—μ‘°“√§◊π√Ÿª∑’Ë∂Ÿ°°√–μÿâπ¥â«¬ ‘Ëß‡√â“∑—Èß 5 ·∫∫
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√Ÿª∑’Ë 1 ‚§√ß √â“ß‚¡‡≈°ÿ≈∑’ËÀ≈“°À≈“¬¢Õß SMPs ∑’Ë ”§—≠μàÕ°“√‡°‘¥ª√“°Ø°“√≥å®”√Ÿª ª√–°Õ∫¥â«¬
‚§√ß √â“ß√à“ß·ÀæÕ≈‘‡¡Õ√å∑’Ë‡ ∂’¬√ ·≈– à«π∑’Ë “¡“√∂‡ª≈’Ë¬π°≈—∫‰ª¡“‰¥â (∑’Ë¡“®“° [1])

æÕ≈‘‡¡Õ√å®”√Ÿª·≈–æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª°√–μÿâπ¥â«¬§«“¡√âÕπ
°≈‰°°“√‡°‘¥ª√“°Ø°“√≥å®”√Ÿª°√–μÿâπ¥â«¬§«“¡√âÕπ
°≈‰°°“√‡°‘¥ª√“°Ø°“√≥å®”√Ÿª®“°°“√°√–μÿâπ¥â«¬§«“¡√âÕπ¢ÕßæÕ≈‘‡¡Õ√å®”√Ÿª· ¥ß¥—ß√Ÿª∑’Ë 2

ª√“°Ø°“√≥å®”√Ÿª®–‡°‘¥ºà“πÕÿ≥À¿Ÿ¡‘°“√‡ª≈’Ë¬π·ª≈ß (Ttrans) ®“°√Ÿª‚§√ß √â“ß¢ÕßæÕ≈‘‡¡Õ√å®”√Ÿª
ª√–°Õ∫¥â«¬ 2  à«π ”§—≠§◊Õ ‡ø ∑’Ë∑”„Àâ‚§√ß √â“ß√à“ß·ÀæÕ≈‘‡¡Õ√åÕ¬Ÿà°—∫∑’Ë (fixity phase) ·≈– “¬‚ à́
∑’Ë‡ª≈’Ë¬π°≈—∫‰ª¡“‰¥â (switching chains) °≈‰°°“√‡°‘¥ª√“°Ø°“√≥å®”√Ÿª‡√‘Ë¡∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß°«à“ Ttrans
(T > Ttrans) ™‘Èπß“π‰¥â√—∫·√ß∑“ß°≈®π‡°‘¥°“√‡ ’¬√Ÿª·≈–‡ª≈’Ë¬π√Ÿª√à“ß®“°°“√¬◊¥ÕÕ°¢Õß “¬‚´à∑’Ë‡ª≈’Ë¬π
°≈—∫‰ª¡“‰¥â À≈—ß®“°π—Èπ≈¥Õÿ≥À¿Ÿ¡‘≈ß®π¡’§à“μË”°«à“ Ttrans (T < Ttrans) ®π‰¥â™‘Èπß“π∑’Ë¡’√Ÿª√à“ß™—Ë«§√“«
(temporary shape) ·≈–™‘Èπß“π “¡“√∂°≈—∫ Ÿà√Ÿª√à“ß‡¥‘¡‰¥â‡Õß®“°°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘„Àâ Ÿß°«à“ Ttrans „π
°√–∫«π°“√§◊π√Ÿª (recovery process) [2]
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√Ÿª∑’Ë 2 °≈‰°°“√‡°‘¥ª√“°Ø°“√≥å®”√Ÿª¢ÕßæÕ≈‘‡¡Õ√å®”√Ÿª°√–μÿâπ¥â«¬§«“¡√âÕπ (¥—¥·ª≈ß®“° [2])

æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª°√–μÿâπ¥â«¬§«“¡√âÕπ
§“√å∫Õπ·∫≈Á§ ∑àÕπ“‚π§“√å∫Õπ ‡ âπ„¬ —Èπ ·≈–‡ âπ„¬μàÕ‡π◊ËÕß ‡ªìπ “√‡ √‘¡·√ß∑’Ëπ”¡“„™â

‡æ◊ËÕ„Àâ‰¥âæÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª∑’Ë¡’§«“¡·¢Áß·√ß‡æ‘Ë¡¢÷Èπ [4-5]  “√‡ √‘¡·√ßÕ’°Àπ÷Ëß™π‘¥∑’Ëπà“ π„®§◊Õ
°√“‰øμåÕÕ°‰´μå∑’Ëºà“π°√–∫«π√’¥—°™—π¥â«¬§«“¡√âÕπ (thermally reduced graphite oxide) À√◊Õ TrGO
∑’Ë —ß‡§√“–Àå¢÷Èπ‰¥â®“°°“√√’¥—°™—π¥â«¬°√–∫«π°“√∑“ß§«“¡√âÕπÕ¬à“ß√«¥‡√Á«¢Õß°√“‰øμåÕÕ°‰´μå [3, 8]
∑”„Àâ TrGO ¡’√Ÿæ√ÿπ∑’Ë¡’æ◊Èπ∑’Ëº‘«®”‡æ“– Ÿß ¡’ ¡∫—μ‘°“√π”‰øøÑ“·≈–π”§«“¡√âÕπ‰¥â¥’ ¡’ ¡∫—μ‘∑“ß°≈∑’Ë¥’
·≈– “¡“√∂‡¢â“°—π‰¥â°—∫æÕ≈‘‡¡Õ√åÀ≈“¬Ê ™π‘¥ Chen ·≈–§≥– [3] ‡μ√’¬¡π“‚π§Õ¡‚æ ‘μ√–À«à“ß
æÕ≈‘‡¡Õ√å®”√Ÿª∞“πæÕ°´’ (epoxy-based SMP) À√◊Õ ESMP °—∫ TrGO °√–∫«π°“√‡μ√’¬¡π“‚π§Õ¡‚æ ‘μ
‡√‘Ë¡®“°º ¡‡√´‘πÕ’æÕ°´’ Œ“√å¥‡¥π‡πÕ√å ¡ÕπÕ‡¡Õ√åÕ’æÕ°´’ “¬‚´àμ√ß°—∫ TrGO (ª√‘¡“≥ 1 2 ·≈– 3
wt%) ºà“π‡§√◊ËÕßº ¡ 3 ≈Ÿ°°≈‘Èß (three raw mills, TRM) ∑’Ë¡’™àÕß«à“ß√–À«à“ß≈Ÿ°°≈‘Èß∑’Ë≈¥≈ß®“° 100 μm
®π∂÷ß 5 μm ·≈–π”‰ªÀ≈àÕ¢÷Èπ√Ÿª∫π·¡àæ‘¡æå·°â«·≈–∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 80°C ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ·≈–∫à¡μàÕ
∑’ËÕÿ≥À¿Ÿ¡‘ 150°C ‡ªìπ‡«≈“ 6 ™—Ë«‚¡ß ®π‰¥â‡ªìπ·ºàπ§Õ¡‚æ ‘μ¢Õß TrGO/ESMP Chen ·≈–§≥– [3]
æ∫«à“§«“¡¡’¢—È«¢Õß TrGO  “¡“√∂ àß‡ √‘¡°“√‡°‘¥æ—π∏–√–À«à“ßæ◊Èπº‘«¢Õß TrGO °—∫ ESMP ·≈–
°√–∫«π¢÷Èπ√Ÿª‚¥¬„™â‡∑§π‘§ TRM ®–‡Àπ’Ë¬«π”„Àâ·ºàππ“‚π°√“‰øμå„π TrGO ‡°‘¥°“√·¬°°√–®“¬ÕÕ°
´÷Ëß “¡“√∂¬◊π¬—π‰¥â¥â«¬º≈°“√∑¥ Õ∫¥â«¬‡∑§π‘§«‘‡§√“–Àå°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡ÕÁ°´å (XRD) ∑’Ë‰¡àª√“°Ø
æ’§· ¥ß°“√‡°‘¥º≈÷°¢Õß TrGO „π§Õ¡‚æ ‘μ º≈°“√∑¥ Õ∫ ¡∫—μ‘‡™‘ß°≈æ∫«à“§à“¬—ß¡Õ¥Ÿ≈—  §à“§«“¡
·¢Áß·√ß¥÷ß·≈–§à“¡Õ¥Ÿ≈— ¥—¥‚§âß¢Õß§Õ¡‚æ ‘μ‡æ‘Ë¡¢÷Èπμ“¡ª√‘¡“≥¢Õß TrGO ´÷Ëß‡ªìπº≈®“°¬÷¥μ‘¥‰¥â¥’
√–À«à“ßæ◊Èπº‘«¢Õß ESMP ·≈– TrGO  àßº≈„Àâ‡°‘¥°“√ àßºà“π·√ß®“°‡π◊ÈÕæ◊Èπ¢Õß ESMP  Ÿà TrGO ‰¥â
‡ªìπÕ¬à“ß¥’ [3]
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Chen ·≈–§≥– [8] ∑”°“√∑¥ Õ∫ª√“°Ø°“√≥å°“√®”√Ÿª¢Õß§Õ¡‚æ ‘μ TrGO/ESMP ¡’
4 ¢—ÈπμÕπ‡√‘Ë¡®“° (1) μ—¥μ—«Õ¬à“ß∑¥ Õ∫‡ªìπ√Ÿª ’Ë‡À≈’Ë¬¡º◊πºâ“ (¬“« x °«â“ß x Àπ“: 82 mm x 10 mm x
3 mm) ·≈–„Àâ§«“¡√âÕπ·°àμ—«Õ¬à“ß∑¥ Õ∫®π∂÷ßÕÿ≥À¿Ÿ¡‘ 140°C (2) ¥—¥μ—«Õ¬à“ß∑¥ Õ∫‡ªìπ√Ÿªμ—«
¬Ÿ√Õ∫·°π°≈“ß∑’Ë¡’‡ âπºà“π»Ÿπ¬å°≈“ß 10 mm ‚¥¬∫—π∑÷°¡ÿ¡°“√¥—¥ Ÿß ÿ¥‡ªìπ§à“ θmax (3) ≈¥Õÿ≥À¿Ÿ¡‘
μ—«Õ¬à“ß∑¥ Õ∫¿“¬®π∂÷ßÕÿ≥À¿Ÿ¡‘ÀâÕß¿“¬„μâ·√ß∑“ß°≈§ß∑’Ë À≈—ß®“°π—ÈπÀ≈“¬π“∑’‡Õ“·√ß∑“ß°≈ÕÕ°
°“√§◊π√Ÿª‡°‘¥¢÷Èπ‡≈Á°πâÕ¬·≈–¡ÿ¡°“√‚§âß¢Õßμ—«Õ¬à“ß≈¥≈ß·≈–°”Àπ¥‰«â‡ªìπ§à“¡ÿ¡∑’Ë∂Ÿ°°”Àπ¥‰«â θfixed
·≈–¢—Èπ ÿ¥∑â“¬ (4) «—¥·≈–∫—π∑÷°¡ÿ¡°“√ßÕ¢Õßμ—«Õ¬à“ß∑’Ë·ª√º—π°—∫‡«≈“∑’Ë‡æ‘Ë¡¢÷Èπ (θi) μ—«Õ¬à“ß°“√
‡ª≈’Ë¬π·ª≈ß¡ÿ¡ θi ¢Õß™‘Èπμ—«Õ¬à“ß§Õ¡‚æ ‘μ TrGO/ESMP · ¥ß¥—ß√Ÿª∑’Ë 3 [8]

 √Ÿª∑’Ë 3 μ—«Õ¬à“ß°“√‡ª≈’Ë¬π·ª≈ß¡ÿ¡ θi ¢Õß™‘Èπß“π∑’Ë‡ª≈’Ë¬π·ª≈ßμ“¡‡«≈“ (¥—¥·ª≈ß®“° [8])

Chen ·≈–§≥– [8] ‰¥âπ”º≈°“√∑¥ Õ∫∑’Ë‰¥â¡“§”π«≥À“§à“Õ—μ√“ à«π°“√§ß√Ÿª (shape
retention ratio; R) ·≈–§à“Õ—μ√“ à«π°“√§◊π√Ÿª (shape recovery ratio; Rr) ®“° ¡°“√∑’Ë 1 ·≈– 2
μ“¡≈”¥—∫

R = θfixed  x 100% (1)
θmax

Rr = (θmax fi θi) x 100% (2)
    θmax

®“°°“√∑¥ Õ∫æ∫«à“§«“¡·μ°μà“ß√–À«à“ß¡ÿ¡∑’Ë∂Ÿ°°”Àπ¥‰«â (θfixed) ·≈–¡ÿ¡°“√¥—¥ Ÿß ÿ¥
(θmax) ¡’§à“·μ°μà“ßπâÕ¬°«à“ 2° ‡ ¡Õ ¥—ßπ—Èπ™‘Èπμ—«Õ¬à“ß∑¥ Õ∫∑ÿ°™‘Èπ®–¡’§à“Õ—μ√“ à«π°“√§ß√ŸªÀ√◊Õ§à“
R ¡“°°«à“ 99% ®“°√Ÿª∑’Ë 3 ‡ªìπ°“√§◊π√Ÿª¢Õß™‘Èπß“π§Õ¡‚æ ‘μ√Ÿªμ—«¬Ÿæ∫°“√≈¥≈ß¢Õß¡ÿ¡°“√ßÕ (θi)
μ“¡‡«≈“∑’Ë‡æ‘Ë¡¢÷Èπ ‚¥¬°“√‡æ‘Ë¡‡ø  TrGO ≈ß„π ESMP ‡æ‘Ë¡‡«≈“„π°“√§◊π√Ÿª®“°‡¥‘¡ 170 ± 10s ‰ª‡ªìπ
§à“∑’Ë Ÿß∑’Ë ÿ¥∑’Ë 570 ± 15s π—ËπÕ“®‡ªìπº≈¡“®“°°“√°√–®“¬μ—«Õ¬à“ß‡ªìπ√Ÿª·∫∫¢Õß TrGO „π ESMP
·≈–Õ—πμ√°‘√‘¬“∑’Ë¥’√–À«à“ßæ◊Èπº‘«¢Õß TrGO ·≈– ESMP  àßº≈„ÀâÕπÿ¿“§¢Õß TrGO ‡¢â“‰ª¢—¥¢«“ß
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°“√‡§≈◊ËÕπ∑’ËÕ¬à“ßÕ‘ √–¢Õß “¬‚ à́æÕ≈‘‡¡Õ√å ·≈–‡ªìπ‡Àμÿº≈‡¥’¬«°—π∑’Ë∑”„Àâ§à“ Tg ¢Õß ESMP
∑’Ë‰¥â®“°°“√∑¥ Õ∫¥â«¬‡∑§π‘§ DSC ‡æ‘Ë¡¢÷Èπ®“° 90.6°C ‡ªìπ§à“ Ÿß ÿ¥∑’Ë 97.3°C ‡¡◊ËÕ¡’°“√‡æ‘Ë¡‡ø  TrGO
≈ß‰ª º≈°“√∑¥ Õ∫¥â«¬‡∑§π‘§ DMA æ∫«à“°“√‡æ‘Ë¡‡ø  TrGO ‡æ‘Ë¡§à“¡Õ¥Ÿ≈—  – ¡¢Õß ESMP
®“° 1.3 GPa ‡ªìπ 1.8 GPa πÕ°®“°π’È°“√‡μ‘¡ 1% TrGO ¬—ß “¡“√∂‡æ‘Ë¡·√ß„π°“√§◊π√Ÿª (recovery
force) ‰¥âÕ¬à“ß¡’π—¬ ”§—≠ [8]

æÕ≈‘‡¡Õ√å®”√Ÿª·≈–æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª°√–μÿâπ¥â«¬· ß
°≈‰°°“√‡°‘¥ª√“°Ø°“√≥å®”√Ÿª°√–μÿâπ¥â«¬· ß
æÕ≈‘‡¡Õ√å®”√Ÿª°√–μÿâπ¥â«¬· ß®–¡’°“√‡μ‘¡‚§√‚¡øÕ√å (chromophores) ´÷Ëß‡ªìπ‚¡‡≈°ÿ≈¢Õß

 “√Õ‘π∑√’¬å∑’Ë¡’À¡Ÿàøíß°å™—π∑’Ë‰¡à‡ ∂’¬√∑’Ë “¡“√∂¥Ÿ¥°≈◊π· ß¬Ÿ«’-«‘ ‘‡∫‘≈‰¥â μ—«Õ¬à“ß°≈‰°°“√‡°‘¥ª√“°Ø°“√≥å
®”√Ÿª¢ÕßæÕ≈‘‡¡Õ√å™π‘¥¥—ß°≈à“«· ¥ß„π√Ÿª∑’Ë 4 ‡¡◊ËÕ™‘Èπß“π∑’Ë¡’√Ÿª√à“ß‡¥‘¡ (original shape) ‰¥â√—∫·√ß
∑“ß°≈·≈–¡’°“√©“¬· ß∑’Ë¡’§«“¡¬“«§≈◊Ëπ¡“°°«à“ 260 nm ‚§√‚¡øÕ√å®–∂Ÿ°°√–μÿâπ„Àâ°“√‡°‘¥°“√‡™◊ËÕ¡
¢«“ß®πæÕ≈‘‡¡Õ√å¡’‚§√ß √â“ß·∫∫√à“ß·À·≈–™‘Èπß“π‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß®π‰¥â√Ÿª√à“ß·∫∫™—Ë«§√“« (temporary
shape) À≈—ß®“°‡Õ“·√ß¥÷ßÕÕ° ®“°π—Èπ°“√§◊π√Ÿª¢Õß™‘Èπß“π®–‡°‘¥®“°°“√©“¬· ß∑’Ë¡’§«“¡¬“«§≈◊Ëπ∑’Ë
‡À¡“– ¡‡æ◊ËÕ°√–μÿâπ„Àâ™‘Èπß“π‡ª≈’Ë¬π°≈—∫ Ÿà√Ÿª√à“ß‡¥‘¡ [9]

√Ÿª∑’Ë 4 °≈‰°°“√‡°‘¥ª√“°Ø°“√≥å®”√Ÿª°√–μÿâπ¥â«¬· ß¢ÕßæÕ≈‘‡¡Õ√å®”√Ÿª (¥—¥·ª≈ß®“° [9])

æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª°√–μÿâπ¥â«¬· ß
æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª°√–μÿâπ¥â«¬· ß À√◊Õ çphotoactive SPMCsé æ—≤π“¢÷Èπ¡“∫π

æ◊Èπ∞“π¢Õß°“√‡μ‘¡ “√μ—«‡μ‘¡∑’Ë “¡“√∂μÕ∫ πÕßμàÕ· ß·≈–°àÕ„Àâ‡°‘¥ª√“°Ø°“√≥å®”√Ÿª≈ß‰ª ‡™àπ
(1) çphotoisomerizable moleculesé ‡ªìπ‚¡‡≈°ÿ≈∑’Ë “¡“√∂‡°‘¥‰Õ‚´‡¡Õ√å√‘´÷¡®“°°“√°√–μÿâπ¥â«¬· ß
‡™àπ ‡Õ‚´‡∫π´‘π [10] (2) çphoto-induced reversible dimerization moleculeé ‡ªìπ‚¡‡≈°ÿ≈∑’Ë “¡“√∂
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‡°‘¥°√–∫«π°“√‰¥‡¡Õ√å ‰√‡´™—π°≈—∫‰ª¡“‰¥â ‡™àπ cinnamates À√◊Õ coumarin [11] (3)
 “√∑’Ë “¡“√∂∑”„Àâ‡°‘¥°“√‡μ‘¡- °“√·¬°°√–®“¬¢ÕßªØ‘°‘√‘¬“°“√¬â“¬ “¬‚´à ‡™àπ Allyl sulfide [12] (4)
 “√∑’Ë∑”„Àâ‡°‘¥°“√·¬°μ—«¢Õß‰ÕÕÕπ°≈—∫‰ª¡“®“°°“√°√–μÿâπ¥â«¬· ß ‡™àπ trienphylmethane leuco [12]
(5)  “√ª√–°Õ∫‡™‘ß´âÕπ∑’Ë “¡“√∂‡°‘¥æ—π∏–‚§ÕÕ¥‘‡π™—π√–À«à“ß‚≈À–°—∫≈‘·°π¥å®“°°“√°√–μÿâπ¥â«¬· ß
(photoactive metal-ligand coordination bonds) [13] ·≈– (6)  “√∑’Ë∑”„Àâ‡°‘¥º≈∑“ß§«“¡√âÕπ®“°
°“√°√–μÿâπ¥â«¬· ß (photothermal effect) ‡™àπ Õπÿ¿“§∑Õß §“√å∫Õπ·∫≈Á§ ·≈–∑àÕπ“‚π§“√å∫Õπ ‡ªìπμâπ
[1] ¡’ß“π«‘®—¬¡“°¡“¬∑’Ë· ¥ß∂÷ß§«“¡ ”‡√Á®¢Õß°“√‡°‘¥ª√“°Æ°“√≥å®”√Ÿª®“°°“√°√–μÿâπ¥â«¬√—ß ’Õ‘πø“‡√¥
¢Õß§Õ¡‚æ ‘μ®”√Ÿª∑’Ë„™âæ◊Èπ∞“π¢Õß°“√‡°‘¥º≈∑“ß§«“¡√âÕπ®“°°“√°√–μÿâπ¥â«¬· ß  “√μ—«‡μ‘¡∑’Ë°≈à“«‰«â
¢â“ßμâπ∂Ÿ°‡μ‘¡≈ß‰ª‡æ◊ËÕª√—∫ª√ÿßª√– ‘∑∏‘¿“æ∑“ß§«“¡√âÕπ ¢π“¥Õπÿ¿“§¢Õß “√μ—«‡μ‘¡®–¡’º≈μàÕ
ª√– ‘∑∏‘¿“æ∑“ß§«“¡√âÕπÕ¬à“ß¡’π—¬ ”§—≠ °“√‡≈◊Õ°§«“¡¬“«§≈◊Ëπ¢Õß· ßÕ¬à“ß¡’‡À¡“– ¡‡ªìπ¢—ÈπμÕπ
 ”§—≠∑’Ë∑”„Àâ‡°‘¥°“√§◊π√Ÿª√à“ß‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ [1] Lu ·≈–§≥– [14] »÷°…“ª√“°Ø°“√≥å§◊π√Ÿª®“°
°“√°√–μÿâπ¥â«¬· ß√—ß ’Õ‘πø“‡√¥¢Õßπ“‚π§Õ¡‚æ ‘μ¢ÕßÕ’æÕ° ’́º ¡∑àÕπ“‚π§“√å∫Õπ (CNTs) ·≈–/
À√◊Õ ‚∫√Õπ‰π‰μ√¥å (BN) ‚¥¬¡’°“√·ª√ª√‘¡“≥¢Õß CNTs ∑’Ë 0 2 6 8 ·≈– 10 wt% º≈ª√“°Ø«à“°“√
‡μ‘¡ CNTs À√◊Õ BN ‡æ‘Ë¡§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫√—ß ’Õ‘πø“‡√¥ ·≈–°“√‡μ‘¡ CNTs √à«¡°—∫ BN
¡’º≈‡ √‘¡ƒ∑∏‘Ï°—π„π°“√ª√—∫ª√ÿß ¡∫—μ‘°“√π”§«“¡√âÕπ·≈–°“√ àßºà“π§«“¡√âÕπ àßº≈„Àâ§Õ¡‚æ ‘μ¡’§à“
Õÿ≥À¿Ÿ¡‘°≈“ ∑√“π ‘́™—π (Tg)  Ÿß¢÷Èπ ‚¥¬π“‚π§Õ¡‚æ ‘μ®”√Ÿª∑’Ë¡’°“√‡μ‘¡ BN ª√‘¡“≥ 4 wt% √à«¡°—∫
CNTs ª√‘¡“≥ 4 wt% · ¥ß§à“ Tg  Ÿß∑’Ë ÿ¥∑’Ë 107.8°C ´÷Ëß‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫
Õ’æÕ°´’®”√Ÿª∑’Ë‰¡à¡’°“√‡μ‘¡ “√¥—ß°≈à“«∑’Ë¡’§à“ Tg 73.25°C °“√‡μ‘¡ CNTs ‡æ‘Ë¡§à“¡Õ¥Ÿ≈—  – ¡·≈–§à“
¡Õ¥Ÿ≈— ¬◊¥À¬ÿàπ·°àπ“‚π§Õ¡‚æ ‘μ·≈– ¡∫—μ‘°“√∑π·√ß¥÷ß¢Õßπ“‚π§Õ¡‚æ ‘μ‡æ‘Ë¡¢÷Èπμ“¡ª√‘¡“≥¢Õß
CNTs πÕ°®“°π’È°“√∑¥ Õ∫À“§à“Õ—μ√“ à«π°“√§◊π√Ÿª (recovery ratio, %) ∑’Ë·ª√º—πμ“¡‡«≈“¢Õß
π“‚π§Õ¡‚æ ‘μæ∫«à“ π“‚π§Õ¡‚æ ‘μ∑’Ë¡’°“√‡μ‘¡ BN ª√‘¡“≥ 4 wt% √à«¡°—∫ CNTs ª√‘¡“≥ 4 wt%
· ¥ßÕ—μ√“°“√§◊π√Ÿª¿“¬„μâ°“√°√–μÿâπ¥â«¬√—ß ’Õ‘πø“‡√¥‰¥âÕ¬à“ß ¡∫Ÿ√≥å∑’Ë 100 % ¿“¬„π‡«≈“ 60 s

æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª°√–μÿâπ¥â«¬ π“¡·¡à‡À≈Á°
§Õ¡‚æ ‘μ®”√Ÿª°√–μÿâπ¥â«¬ π“¡·¡à‡À≈Á°‰¥â√—∫§«“¡ π„®„π°“√„™âß“π¥â“π°“√·æ∑¬å ‡™àπ

°“√ª≈Ÿ°∂à“¬ °“√ àßºà“π¬“ ·≈–‡§√◊ËÕß¡◊ÕÕ—®©√‘¬– ‡π◊ËÕß®“°‡¡◊ËÕΩíß§Õ¡‚æ ‘μ®”√Ÿª≈ß‰ª·≈â«®– “¡“√∂
°√–μÿâπ¥â«¬ π“¡·¡à‡À≈Á°À√◊Õ π“¡‰øøÑ“‚¥¬„™âμ—«§«∫§ÿ¡À√◊Õ√’‚¡∑·∫∫‰¡à —¡º—  æÕ≈‘‡¡Õ√å∑’Ë„™â„π°“√
º≈‘μ§Õ¡‚æ ‘μ®”√Ÿª¥—ß°≈à“«®–‡ªìπæÕ≈‘‡¡Õ√å¬àÕ¬ ≈“¬‰¥â∑“ß™’«¿“æ·≈–æÕ≈‘‡¡Õ√å‡¢â“°—π‰¥â∑“ß™’«¿“æ
‡™àπ æÕ≈‘·≈§μ‘§·Õ ‘¥ [15] æÕ≈‘§“‚ª√·≈§‚μπ·∫∫‡™◊ËÕ¡¢«“ß æÕ≈‘‡Õ∑‘≈’π‰°≈§Õ≈ ¡ÕπÕ‡¡∑‘≈Õ’‡∑Õ√å
¡ÕπÕ‡¡∑“§√‘‡≈∑ À√◊Õ PEGMA °√“øμåæÕ≈‘‡¡Õ√å¢ÕßæÕ≈‘§“‚ª√·≈§‚μπ·≈–‰¥‰Õ‚´‰´¬“‚μ‡¡∑‘≈
‡¡∑“§√‘‡≈∑ À√◊Õ PCLDIMA ‡ªìπμâπ [1]

°≈‰°°“√‡°‘¥ª√“°Ø°“√≥å®”√Ÿª°√–μÿâπ¥â«¬ π“¡·¡à‡À≈Á°
°“√°√–μÿâπ¥â«¬ π“¡·¡à‡À≈Á°¢Õß§Õ¡‚æ ‘μ®”√Ÿª®–‰¥â®“°°“√‡μ‘¡ “√μ—«‡μ‘¡∑’Ë¡’ª√–‚¬™πå Ÿß

(functional fillers) ‡™àπ Õπÿ¿“§‚≈À– [16] Õπÿ¿“§ “√·¡à‡À≈Á° [17] Õπÿ¿“§‡À≈Á°ÕÕ°‰´¥å [18]
·≈– Ni-Mn-Ga ·∫∫º≈÷°‡¥’Ë¬« [1] ‡ªìπμâπ  ”À√—∫ Ni-Mn-Ga ·∫∫º≈÷°‡¥’Ë¬«‡ªìπ‚≈À–º ¡®”√Ÿª
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°√–μÿâπ¥â«¬ π“¡·¡à‡À≈Á° (ferromagnetic shape memory alloys, FSMA) ™π‘¥Àπ÷Ëß∑’Ë¡’√“¬ß“π°“√π”
‰ª„™â‡ªìπ “√μ—«‡μ‘¡„πæÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª ª√“°Ø°“√≥å®”√Ÿª¢Õß‚≈À–º ¡®”√Ÿª‡°‘¥¢÷Èπºà“π°“√
‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß∑’Ë‡√’¬°«à“ çmartensitic transformationé ÷́Ëß‡ªìπ°“√‡ª≈’Ë¬π·ª≈ß°≈—∫‰ª¡“¢Õß
‚§√ß √â“ßÕÕ ‡∑π‰πμå (austenite, A) ∑’Ë¡’§«“¡‡ ∂’¬√∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß‰ª‡ªìπ‚§√ß √â“ß¡“√å‡∑π‰´μå
(martensite, M) ¡’§«“¡‡ ∂’¬√∑’ËÕÿ≥À¿Ÿ¡‘μË”‚¥¬¡’®ÿ¥Õÿ≥À¿Ÿ¡‘∑’Ë‡°’Ë¬«¢âÕß 4 ®ÿ¥  “¡“√∂Õ∏‘∫“¬‰¥â
¥—ß√Ÿª∑’Ë 5 ‡√‘Ë¡®“°‚§√ß √â“ßÕÕ ‡∑π‰πμå∑’Ë‡ ∂’¬√Õÿ≥À¿Ÿ¡‘ Ÿß (√Ÿª∑’Ë 5a) ‡°‘¥°“√≈¥Õÿ≥À¿Ÿ¡‘≈ß®π∂÷ß®ÿ¥
Ms ∑’Ë‡ªìπÕÿ≥À¿Ÿ¡‘‡√‘Ë¡‡ª≈’Ë¬π‚§√ß √â“ßÕÕ ‡∑π‰πμå‡ªìπ¡“√å‡∑π‰´μå ·≈–≈¥Õÿ≥À¿Ÿ¡‘≈ß‡√◊ËÕ¬Ê ®π∂÷ß®ÿ¥
Mf ∑’Ë‡ªìπÕÿ≥À¿Ÿ¡‘∑’Ë‡ª≈’Ë¬π‡ªìπ‚§√ß √â“ß¡“√å‡∑π‰´μå‰¥âÕ¬à“ß ¡∫Ÿ√≥å „π™à«ß¥—ß°≈à“«®–‡°‘¥‚§√ß √â“ß
¡“√å‡∑π‰´μå∑’Ë‡°‘¥μ”Àπ‘·∫∫∑«‘π (twinned martensite) ∑’Ë¡’‚§√ß √â“ßº≈÷°·∫∫¡ÕπÕ§≈‘π‘°∑’Ë
 “¡“√∂‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß¥â«¬·√ß∑“ß°≈‰¥âßà“¬¥—ß√Ÿª∑’Ë 5b ·≈– 5c ∂â“¡’°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘·°à‚≈À–
º ¡®”√Ÿª®π∂÷ß®ÿ¥ As ∑’Ë‡ªìπÕÿ≥À¿Ÿ¡‘‡√‘Ë¡‡ª≈’Ë¬π‚§√ß √â“ß¡“√å‡∑π‰´μå‡ªìπÕÕ ‡∑π‰πμå ·≈–‡æ‘Ë¡
Õÿ≥À¿Ÿ¡‘μàÕ‰ª®π∂÷ß®ÿ¥‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘μàÕ‰ª®π∂÷ß Af ∑’Ë‡ªìπÕÿ≥À¿Ÿ¡‘∑’Ë‡ª≈’Ë¬π‡ªìπ‚§√ß √â“ßÕÕ ‡∑π‰πμå
‰¥âÕ¬à“ß ¡∫Ÿ√≥å π—Ëπ§◊Õ‚≈À–º ¡®”√Ÿª “¡“√∂°≈—∫ Ÿà√Ÿª√à“ß‡¥‘¡‰¥â (√Ÿª∑’Ë 5d) [19]

√Ÿª∑’Ë 5 ·∫∫®”≈Õßª√“°Ø°“√≥å®”√Ÿª¢Õß ferromagnetic shape memory alloy: Ni-Mn-Ga (¥—¥·ª≈ß
®“° [19])
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Hosoda ·≈–§≥– [20] ‡μ√’¬¡§Õ¡‚æ ‘μ©≈“¥¢ÕßÕ’æÕ°´’·≈–Õπÿ¿“§‚≈À–º ¡®”√Ÿª (FSMA
particles; FSMAP) Õ’æÕ°´’∑’Ë„™â®–‡μ√’¬¡®“°‡√ ‘́πÕ’æÕ°´’‡°√¥ Epikote 828 ·≈–μ—«‡√àß·¢Áß‡°√¥ Tohmide
280-B ·≈– FSMAP ∑’Ë„™â§◊ÕÕπÿ¿“§‚≈À–º ¡®”√Ÿª¢Õß Ni-Mn-Ga ∑’Ë¡’ % ‚¡≈·μ°μà“ß°—π∑’Ë‡μ√’¬¡‰¥â
®“°°“√π”‚≈À–º ¡¢Õß Ni-Mn-Ga ¡“ºà“π°√–∫«π°“√∑“ß§«“¡√âÕπ·≈–∫¥®π¥â«¬·√ß∑“ß°≈®π‰¥â‡ªìπ
Õπÿ¿“§‚≈À–º ¡®”√Ÿª Ni-Mn-Ga ∑’Ë¡’¢π“¥º≈÷°Õ¬Ÿà„π™à«ß 25 ∂÷ß 150 μm ‚¥¬¡’°“√·ª√ª√‘¡“≥Õπÿ¿“§
‚≈À–º ¡®”√Ÿª Ni-Mn-Ga ®“° 0-50 vol% °“√∑¥ Õ∫ ¡∫—μ‘‡™‘ß°≈∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßæ∫«à“§à“§«“¡‡§âπ
≥ ®ÿ¥§√“°·≈–§à“§«“¡∑π·√ß¥÷ß Ÿß ÿ¥¢Õß§Õ¡‚æ ‘μ‡æ‘Ë¡¢÷Èπμ“¡ª√‘¡“≥Õπÿ¿“§‚≈À–º ¡®”√Ÿª ·≈–®–¡’
§à“≈¥≈ß‡¡◊ËÕ‡μ‘¡Õπÿ¿“§‚≈À–º ¡®”√Ÿª¡“°°«à“ 10wt% ª√“°Ø°“√≥å®”√Ÿª¢Õß§Õ¡‚æ ‘μ™π‘¥π’È‡°‘¥¢÷Èπ‰¥â
®“°Õπÿ¿“§‚≈À–º ¡®”√Ÿª Ni-Mn-Ga ∑’Ë‡μ‘¡≈ß‰ª √Ÿª∑’Ë 6 · ¥ß°√–∫«π°“√∑¥ Õ∫°“√§◊π√Ÿª¢Õß
§Õ¡‚æ ‘μ√–À«à“ßÕ’æÕ°´’°—∫Õπÿ¿“§‚≈À–º ¡®”√Ÿª™π‘¥ 51Ni26Mn23Ga ∑’Ë¡’§à“Õÿ≥À¿Ÿ¡‘ Ms Mf As
·≈– Af ‡∑à“°—∫ 273 253 293 ·≈– 308 K μ“¡≈”¥—∫ (√Ÿª∑“ß ấ“¬¡◊Õ) ∑’Ë —¡æ—π∏å°—∫°√“ø· ¥ß
§«“¡ —¡æ—π∏å√–À«à“ß°“√§«“¡‡§√’¬¥ (strain) ·≈–Õÿ≥À¿Ÿ¡‘ (√Ÿª∑“ß¢«“¡◊Õ) °√–∫«π°“√∑¥ Õ∫‡√‘Ë¡®“°
(1) °“√≈¥Õÿ≥À¿Ÿ¡‘™‘Èπß“πμ—«Õ¬à“ß‰ª∑’Ë 280 K ·≈– (2) „Àâ·√ß∑“ß°≈®π™‘Èπß“π∑’Ë¡’‚§√ß √â“ß¡“√å‡∑π‰πμå
‡°‘¥°“√‡ª≈’Ë¬π√Ÿª√à“ß ‚¥¬¡’°“√„Àâ·√ß∑“ß°≈∑’Ë 1 2 4 ·≈– 5 MPa „π¢—ÈπμÕπ∑’Ë (3) ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘„Àâ™‘Èπ
ß“πμ—«Õ¬à“ß‰ª∑’Ë 323 K ´÷Ëß‡ªìπÕÿ≥À¿Ÿ¡‘∑’Ë Ÿß°«à“ Af ¢ÕßÕπÿ¿“§‚≈À–º ¡®”√Ÿª¿“¬„μâ°“√§«“¡‡§âπ
·√ß¥÷ß∑’Ë 0.1 MPa „π¢—ÈπμÕππ’È°“√§◊π√Ÿª®–‡°‘¥¢÷Èπ°ÁμàÕ‡¡◊ËÕ§à“§«“¡‡§√’¬¥≈¥≈ß (π—Ëπ§◊Õ‰¡à‡°‘¥°“√¬◊¥®“°
·√ß¥÷ß (tensile elongation) „π√–À«à“ß°“√„Àâ§«“¡√âÕπ·°à™‘Èπß“π ·≈– ÿ¥∑â“¬ (4) ≈¥Õÿ≥À¿Ÿ¡‘™‘Èπß“π‰ª∑’Ë
280 K ¿“¬„μâ°“√§«“¡‡§âπ·√ß¥÷ß∑’Ë 0.1 MPa ®“°°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“°“√§«“¡‡§√’¬¥
·≈–Õÿ≥À¿Ÿ¡‘ (√Ÿª∑“ß¢«“¡◊Õ) ®–‡ÀÁπ‰¥â«à“™‘Èπß“π®–‰¡à‡°‘¥°“√§◊π√Ÿª‡¡◊ËÕ„Àâ·√ß‡§âπ¥÷ß∑’Ë 1 MPa ¥Ÿ‰¥â®“°
°“√‡°‘¥°“√¬◊¥®“°·√ß¥÷ß (tensile elongation) ·≈–§«“¡‡§√’¬¥‡æ‘Ë¡¢÷Èπ ·μà°“√§◊π√Ÿª®–‡°‘¥¢÷Èπ·≈– —ß‡°μ
‡ÀÁπ‰¥â™—¥¢÷Èπ‡¡◊ËÕ§«“¡‡§âπ·√ß¥÷ß‡æ‘Ë¡¢÷Èπ∑’Ë 2 4 ·≈– 5 MPa  —ß‡°μ‰¥â®“°°“√≈¥≈ß¢Õß§à“§«“¡‡§√’¬¥
„π√–À«à“ß°“√„Àâ§«“¡√âÕπ·°à™‘Èπß“π ‚¥¬°“√§◊π√Ÿª‡√‘Ë¡‡°‘¥¢÷Èπ∑’ËÕÿ≥À¿Ÿ¡‘ 290›300 K ÷́Ëß„°≈â‡§’¬ß°—∫§à“
As ¢ÕßÕπÿ¿“§‚≈À–º ¡®”√Ÿª™π‘¥ 51Ni26Mn23Ga ®“°°“√∑¥ Õ∫ Hosoda ·≈–§≥– [20] æ∫«à“§à“
§«“¡‡§√’¬¥„π°“√§◊π√Ÿª (shape recovery strain)  Ÿß ÿ¥§◊Õ ª√–¡“≥ 2%  ”À√—∫°“√∑¥ Õ∫§«“¡‡§âπ-
§«“¡‡§√’¬¥·≈– 0.4%  ”À√—∫°“√∑¥ Õ∫§«“¡‡§âπ§ß∑’Ë„π√–À«à“ß«ß®√°“√„Àâ§«“¡√âÕπ πÕ°®“°π’È¢π“¥
Õπÿ¿“§¢Õß FSMAP ¡’Õ‘∑∏‘æ≈μàÕ ¡∫—μ‘°“√®”√Ÿª¢Õß§Õ¡‚æ ‘μ ‚¥¬ ¡∫—μ‘°“√®”√Ÿª¢Õß§Õ¡‚æ ‘μ
 “¡“√∂ª√—∫ª√ÿß‰¥â‚¥¬°“√≈¥¢π“¥Õπÿ¿“§¢Õß FSMAP [20]
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√Ÿª∑’Ë 6 °√–∫«π°“√∑¥ Õ∫°“√§◊π√Ÿª·≈–°√“ø· ¥ß§«“¡ —¡æ—π∏å¢Õß§«“¡‡§√’¬¥·≈–Õÿ≥À¿Ÿ¡‘¢Õß
§Õ¡‚æ ‘μ√–À«à“ßÕ’æÕ°´’°—∫ 50 vol% ¢ÕßÕπÿ¿“§‚≈À–º ¡ 51Ni26Mn23Ga (¥—¥·ª≈ß®“°
[20])

æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª°√–μÿâπ¥â«¬ π“¡‰øøÑ“
À≈—°°“√‡∫◊ÈÕßμâπ¢Õß°“√‡°‘¥ª√“°Æ°“√≥å®”√Ÿª°“√°√–μÿâπ¥â«¬ π“¡‰øøÑ“§◊Õ ‡¡◊ËÕ¡’°“√„Àâ·√ß

¥—π‰øøÑ“·°àæÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª §«“¡√âÕπ®“°§«“¡μâ“π∑“π‰øøÑ“ (joule heating) ®–‰ª°√–μÿâπ„Àâ
‡°‘¥ª√“°Ø°“√≥å®”√Ÿª  “√μ—«‡μ‘¡∑’Ë¡’√“¬ß“π°“√„™â‡æ◊ËÕ„Àâ‡°‘¥ª√“°Ø°“√≥å®”√Ÿª®“° π“¡‰øøÑ“„π§Õ¡‚æ ‘μ
®”√Ÿª ‡™àπ §“√å∫Õπ·∫≈Á§ [21] ∑àÕπ“‚π§“√å∫Õπ [22] ·≈–°√–¥“…π“‚π§“√å∫Õπ [23] ‡ªìπμâπ ¢âÕ¥’
æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª°√–μÿâπ¥â«¬ π“¡‰øøÑ“§◊Õ ‰¡à®”‡ªìπμâÕß¡’Õÿª°√≥å„¥Ê μ‘¥μ—Èß∫π™‘Èπß“π„π™à«ß
¢Õß°“√∑”ß“π „Àâ°“√μÕ∫ πÕß∑’Ë§àÕπ¢â“ß‡√Á«·≈–¡’°“√‰≈à√–¥—∫Õÿ≥À¿Ÿ¡‘πâÕ¬∑’Ë ÿ¥·≈–‡°‘¥¢÷Èπºà“π°“√„Àâ
§«“¡√âÕπ∑’Ë‡ªìπ‡π◊ÈÕ‡¥’¬« ‚¥¬¡’°“√π”‰ª„™âß“π¥â“π‚§√ß √â“ß„π¬“πÕ«°“» „™âß“π‡ªìπÕÿª°√≥å™’«°“√
·æ∑¬å ”À√—∫°“√Ωíß „™â‡ªìπμ—«°√–μÿâπ (actuators) ·≈–μ—«μ√«®®—∫ (sensor) Rogers ·≈– Khan [21]
»÷°…“°“√‡ ’¬√Ÿª®“°°“√‡ª≈’Ë¬π·ª≈ß§à“°“√π”‰øøÑ“„πæÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª¢ÕßÕ’æÕ°´’/§“√å∫Õπ·∫≈Á§
§“√å∫Õπ·∫≈Á§∑’Ë„™â¡’ 2 ·∫∫§◊Õ §“√å∫Õπ·∫≈Á§ (CB) ·≈–§“√å∫Õπ·∫≈Á§∑’Ëºà“π°“√°√–®“¬μ—«„π “√≈¥
·√ßμ÷ßº‘« (CB-TX) ‚ª√·°√¡°“√∑¥ Õ∫™‘Èπß“π· ¥ß¥—ß√Ÿª∑’Ë 7 ®–·∫àßÕÕ°‡ªìπ 4 ¢—ÈπμÕπ §◊Õ

(1) °“√«—¥§à“§«“¡μâ“π∑“π‰øøÑ“μ“¡‡«≈“∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª ¥—ß√Ÿª∑’Ë 7 (step 1) ‚¥¬π”™‘Èπ
μ—«Õ¬à“ßμàÕ°—∫·À≈àß®à“¬‰øøÑ“°√–· μ√ß (DC power supply) ·≈–μ—«μ√«®®—∫Õÿ≥À¿Ÿ¡‘Õ‘πø√“‡√¥
(infrared temperature sensor) ‚¥¬·À≈àß®à“¬‰øøÑ“°√–· μ√ß ®–∑”Àπâ“∑’Ë‡ªìπμ—«§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘‚¥¬
§àÕ¬Ê ‡æ‘Ë¡·√ß¥—π‰øøÑ“‡æ◊ËÕ„Àâ™‘Èπß“π¡’Õÿ≥À¿Ÿ¡‘‡æ‘Ë¡¢÷Èπ®π∂÷ß§à“ Tg ·≈–§à“·√ß¥—π‰øøÑ“∑’Ë∑”„Àâ™‘Èπß“π¡’
Õÿ≥À¿Ÿ¡‘‡∑à“°—∫§à“ Tg ®–‡√’¬°«à“ Vmax  à«πμ—«μ√«®®—∫Õÿ≥À¿Ÿ¡‘Õ‘πø√“‡√¥®–∑”Àπâ“∑’Ë«—¥Õÿ≥À¿Ÿ¡‘¢Õß
™‘Èπß“π ‚¥¬«—¥Õÿ≥À¿Ÿ¡‘∫πæ◊Èπº‘«μ—«Õ¬à“ß‡ªìπæ◊Èπ∑’Ë«ß°≈¡¡’‡ âπºà“π»Ÿπ¬å 10 mm ∫—π∑÷°§à“·√ß¥—π‰øøÑ“
°√–· ‰øøÑ“·≈–Õÿ≥À¿Ÿ¡‘‡¡◊ËÕ‡«≈“‡ª≈’Ë¬π·ª≈ß‰ª‡æ◊ËÕπ”‰ª§”π«≥§à“§«“¡μâ“π∑“π‰øøÑ“μ“¡ ¡°“√∑’Ë 3
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(3)

§à“ w ·≈– l §◊Õ§«“¡°«â“ß·≈–§«“¡¬“«¢Õß à«π gauge ¢Õß™‘Èπß“π μ“¡≈”¥—∫ t §◊Õ
§«“¡Àπ“¢Õß™‘Èπß“π V §◊Õ·√ß¥—π‰øøÑ“·≈– I §◊Õ°√–· ‰øøÑ“ ®“°°“√∑¥≈Õß„π¢—ÈπμÕπ¥—ß°≈à“«æ∫«à“
§Õ¡‚æ ‘μ∑’Ë¡’°“√‡μ‘¡ CB ≈ß‰ª∑’Ëª√‘¡“≥ 2.5 ·≈– 5% „Àâ§à“§«“¡μâ“π∑“π‰øøÑ“∑’Ë Ÿß ´÷Ëß‰ª¢—¥¢«“ß
°“√‡æ‘Ë¡Õÿ≥ÀŸ¡‘®π∂÷ß§à“ Tg ¢Õß§Õ¡‚æ ‘μ„π¢≥–∑’Ë°“√‡μ‘¡ CB ª√‘¡“≥ 10% ∑”„Àâ§Õ¡‚æ ‘μ¡’Õÿ≥À¿Ÿ¡‘
‡æ‘Ë¡¢÷Èπ®π∂÷ß§à“ Tg ‰¥âßà“¬

(2) °“√«—¥§à“Õÿ≥À¿Ÿ¡‘μ“¡‡«≈“∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª À≈—ß®“°¢—ÈπμÕπ∑’Ë 1 ·√ß¥—π‰øøÑ“∑’Ë∑”„Àâ
‡°‘¥§«“¡√âÕπ®–À¬ÿ¥≈ß·≈–ª≈àÕ¬„Àâ™‘Èπß“πμ—«Õ¬à“ß‡¬Áπμ—«®π∂÷ßÕÿ≥À¿Ÿ¡‘ÀâÕß À≈—ß®“°π—Èπ„Àâ·√ß¥—π‰øøÑ“
§ß∑’Ë∑’Ë§à“ Vmax ∑’Ë‰¥â®“°¢—ÈπμÕπ∑’Ë 1 ‡æ◊ËÕ∫—π∑÷°Õÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡¢÷Èπμ“¡‡«≈“¥—ß√Ÿª∑’Ë 7 (step 2) ®“°°“√
‡ª√’¬∫§à“Õÿ≥À¿Ÿ¡‘μ“¡‡«≈“∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª¢Õß§Õ¡‚æ ‘μ∑’Ë¡’°“√‡μ‘¡§“√å∫Õπ·∫≈Á§ Õß™π‘¥§◊Õ CB
·≈– CB-TX ∑’Ë 10% æ∫«à“§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ CB-TX · ¥ß§à“§«“¡μâ“π∑“π‰øøÑ“∑’Ë Ÿß°«à“®“°°“√„™â‡«≈“
¡“°°«à“„π°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘®“°°“√‡Àπ’Ë¬«π”¥â«¬°√–· ‰øøÑ“

(3) °“√«—¥°“√‡ ’¬√Ÿª®“°§à“§«“¡μâ“π∑“π‰øøÑ“ ®“°¢—ÈπμÕπ∑’Ë 2 „Àâ§«“¡√âÕπ·°à™‘Èπ
μ—«Õ¬à“ßºà“π·√ß¥—π‰øøÑ“§ß∑’Ë (Vmax) ®π™‘Èπß“π¡’Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ∂÷ß Tg ·≈–¬—ß§ß„Àâ§«“¡√âÕπμàÕ‰ªÕ’° 10
π“∑’ À≈—ß®“°π—Èπ¥÷ß™‘Èπß“πμ—«Õ¬à“ß¥â«¬Õ—μ√“ 0.002 in/s À√◊Õ 24 %/s ®π™‘Èπß“π‡°‘¥°“√¬◊¥¢¬“¬ÕÕ°∑’Ë
10% 20% ·≈– 30% ¢Õß§à“§«“¡‡§√’¬¥·≈–∑”°“√«—¥§à“·√ß¥—π‰øøÑ“·≈–§à“°√–· ‰øøÑ“‡æ◊ËÕ§”π«≥À“
§à“§«“¡μâ“π∑“π‰øøÑ“®“° ¡°“√∑’Ë 3 (√Ÿª∑’Ë 7 (step 3))

√Ÿª∑’Ë 7 ¢—ÈπμÕπ°“√∑¥ Õ∫°“√‡ª≈’Ë¬π·ª≈ß§à“§«“¡μâ“π∑“π‰øøÑ“·≈–°“√§◊π√Ÿª§Õ¡‚æ ‘μ®”√Ÿª (¥—¥·ª≈ß
®“° [21])
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(4) °“√ª√–‡¡‘πæƒμ‘°√√¡°“√§◊π√Ÿª ™‘Èπß“π∑’Ë‡°‘¥°“√‡ ’¬√Ÿª®“°¢—ÈπμÕπ∑’Ë 3 ®–§ß°“√‡ ’¬√Ÿª
¥—ß°≈à“«‰«â®π∂÷ßÕÿ≥À¿Ÿ¡‘ÀâÕß À≈—ß®“°π—Èπ„Àâ·√ß¥—π‰øøÑ“∑’Ë§à“ Vmax ·°à™‘Èπß“πμ—«Õ¬à“ß‡æ◊ËÕ¥Ÿ°“√§◊π√Ÿª®“°
§«“¡‡§√’¬¥μ“¡‡«≈“∑’Ë‡ª≈’Ë¬π‰ª¥—ß√Ÿª∑’Ë 7 (step 4) [21]

Rogers ·≈– Khan [21] æ∫«à“°“√‡μ‘¡ CB ∑’Ë 10 wt% ≈¥§à“§«“¡·¢Áß·√ß¥÷ß¢Õß§Õ¡‚æ ‘μ
®”√Ÿª‰¥âÕ¬à“ß¡’π—¬ ”§—≠ §Õ¡‚æ ‘μ®”√Ÿª∑’Ë‡μ‘¡ CB-TX · ¥ß§à“§«“¡μâ“π∑“π‰øøÑ“∑’Ë Ÿß°«à“§Õ¡‚æ ‘μ∑’Ë
‡μ‘¡ CB · ¥ß„Àâ‡ÀÁπ«à“°“√„™â “√≈¥·√ßμ÷ß°—∫ CB ‰¡à‰¥âª√—∫ª√ÿß ¡∫—μ‘∑“ß‰øøÑ“„Àâ·°à§Õ¡‚æ ‘μ ®“°
°“√∑¥ Õ∫¢—ÈπμÕπ∑’Ë 4 æ∫«à“™‘Èπß“πμ—«Õ¬à“ß∑’Ë‡°‘¥°“√‡ ’¬√Ÿª∑’Ë 10% ¢Õß§à“§«“¡‡§√’¬¥· ¥ßæƒμ‘°√√¡
°“√§◊π√Ÿª‰¥â¥’ °“√§◊π√Ÿª®–‡°‘¥‰¥â¡“°∑’Ë ÿ¥„π™à«ß 100s ·≈–· ¥ß°“√§◊π√Ÿª Ÿß ÿ¥∑’Ë 85%

Raja ·≈–§≥– [24] „™â∑àÕπ“‚π§“√å∫Õπ·∫∫À≈“¬™—Èπ (multiwalled carbon nanotube,
MWCNT) ·≈–∑àÕπ“‚π§“√å∫Õπ¥—¥·ª≈ß (modified carbon nanotube, m-CNT) ‡ªìπ “√μ—«‡μ‘¡
∑’Ë¡’ª√–‚¬™πå Ÿß∑’Ë∑”„Àâ‡°‘¥ª√“°Ø°“√≥å®”√Ÿª‡Àπ’Ë¬«π”¥â«¬ π“¡‰øøÑ“„ππ“‚π§Õ¡‚æ ‘μ∑’Ë¡’‡∑Õ√å‚¡æ≈“ μ‘°
æÕ≈‘¬Ÿ√’‡∑π (TPU) º ¡æÕ≈‘·≈§μ‘¥·Õ ‘¥ (PLA) ‡ªìπ‡π◊ÈÕæ◊Èπ π“‚π§Õ¡‚æ ‘μ‡μ√’¬¡‰¥â¥â«¬°“√º ¡
TPU/PLA (∑’ËÕ—μ√“ à«π 90/10) ·≈–∑àÕπ“‚π§“√å∫Õπ (·ª√ª√‘¡“≥∑’Ë 2-10 wt%) „π‡§√◊ËÕßº ¡·∫∫ªî¥
·≈–¢÷Èπ√Ÿª‡ªìπ·ºàπ™’∑π“‚π§Õ¡‚æ ‘μ¥â«¬°√–∫«π°“√Õ—¥¢÷Èπ√Ÿª Raja ·≈–§≥– [24] ‡ª√’¬∫‡∑’¬∫π“‚π
§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ MWCNT À√◊Õ P-CNT ·≈– m-CNT æ∫«à“°≈‰°∑’Ë‡ªìπ‰ª‰¥â¢ÕßÕ—πμ√°‘√‘¬“√–À«à“ß
P-CNT ·≈– m-CNT ∑’Ë‡μ‘¡„π TPU/PLA · ¥ß¥—ß√Ÿª∑’Ë 8 ®–‡ÀÁπ«à“§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ P-CNT ∑’Ëª√–°Õ∫
¥â«¬À¡Ÿà‰Œ¥√Õ°´‘≈·≈–À¡Ÿà§“√å∫Õπ‘≈∑”„Àâ‡°‘¥æ—π∏–‰Œ‚¥√‡®π√–À«à“ßÀ¡Ÿà‡Õ¡’π (›NH) ¢Õß TPU °—∫À¡Ÿà
§“√å∫Õπ‘≈¢Õß P-CNT ·≈–‡°‘¥‡Õ ‡∑Õ√å≈‘ß§å‡°®®“°°“√‡°‘¥Õ—πμ√°‘√‘¬“∑“ß‡§¡’√–À«à“ßÀ¡Ÿà‰Œ¥√Õ° ‘́≈
¢Õß P-CNT ·≈–À¡Ÿà§“√å∫Õ° ‘́≈‘° (-COOH) ¢Õß PLA  ”À√—∫§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ m-CNT πÕ°®“°®–
 “¡“√∂‡°‘¥æ—π∏–‰Œ‚¥√‡®π√–À«à“ßÀ¡Ÿà‡Õ¡’π (›NH) ¢Õß TPU °—∫À¡Ÿà§“√å∫Õπ‘≈¢Õß m-CNT ·≈â«
¬—ß “¡“√∂‡°‘¥‡Õ ‡∑Õ√å≈‘ß§å‡°®√–À«à“ßÀ¡Ÿà‰Œ¥√Õ°´‘≈¢Õß m-CNT °—∫À¡Ÿà§“√å∫Õ°´‘≈‘°¢Õß PLA ·≈–
‡Õ ‡∑Õ√å≈‘ß§å‡°®√–À«à“ßÀ¡Ÿà§“√å∫Õ°´‘≈‘°¢Õß m-CNT °—∫‰Œ¥√Õ°´‘≈¢Õß PLA ‰¥â °≈‰°ªØ‘°‘√‘¬“
¥—ß°≈à“«¬◊π¬—π‰¥â¥â«¬º≈°“√∑¥ Õ∫¥â«¬‡∑§π‘§ FTIR

√Ÿª∑’Ë 8 °≈‰°∑’Ë‡ªìπ‰ª‰¥â¢ÕßÕ—πμ√°‘√‘¬“√–À«à“ß P-CNT ·≈– m-CNT ∑’Ë‡μ‘¡≈ß‰ª„ππ“‚π§Õ¡‚æ ‘μ¢Õß
PU/PLA (∑’Ë¡“®“° [24])
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º≈°“√∑¥ Õ∫≈—°…≥– —≥∞“π«‘∑¬“æ∫«à“ m-CNT  “¡“√∂°√–®“¬μ—«„πæÕ≈‘‡¡Õ√åº ¡¢Õß
TPU/PLA ‰¥â¥’°«à“ P-CNT  àßº≈„Àâπ“‚π§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ m-CNT · ¥ß ¡∫—μ‘§«“¡·¢Áß·√ß¥÷ß·≈–
¡Õ¥Ÿ≈—  – ¡∑’Ë Ÿß°«à“ °“√°√–®“¬μ—«∑’Ë¥’¢Õß m-CNT  àßº≈μàÕ°“√π”‰øøÑ“¢Õß§Õ¡‚æ ‘μ ‚¥¬π“‚π§Õ¡
‚æ ‘μ∑’Ë‡μ‘¡ m-CNT μâÕß°“√ª√‘¡“≥¢Õß m-CNT ‡æ’¬ß 4 wt% ‡æ◊ËÕ· ¥ß ¡∫—μ‘°“√π”‰øøÑ“ „π¢≥–∑’Ë
π“‚π§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ P-CNT μâÕß°“√ª√‘¡“≥¢Õß P-CNT 4.8 wt% πÕ°®“°π’È ¡∫—μ‘°“√π”§«“¡√âÕπ
¢Õßπ“‚π§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ m-CNT ‡æ‘Ë¡¢÷Èπμ“¡ª√‘¡“≥ m-CNT ·≈–§àÕπ¢â“ß Ÿß°«à“π“‚π§Õ¡‚æ ‘μ∑’Ë‡μ‘¡
P-CNT ∑’Ëª√‘¡“≥‡¥’¬«°—π °“√μ√«® Õ∫ ¡∫—μ‘°“√®”√Ÿª¢Õßπ“‚π§Õ¡‚æ ‘μ‚¥¬°“√¥—¥™‘Èπμ—«Õ¬à“ß‡ªìπ
√Ÿªμ—«¬Ÿ·≈–„™â°√–· ‰øøÑ“∑’Ë¡’§«“¡μà“ß»—°¬å§ß∑’Ë∑’Ë 40 V °√–μÿâπ„Àâ‡°‘¥°“√§◊π√Ÿªæ∫«à“π“‚π§Õ¡‚æ ‘μ
 “¡“√∂§◊π√Ÿª‰¥â§àÕπ¢â“ß‡√Á«‚¥¬π“‚π§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ m-CNT  “¡“√∂§◊π√Ÿª‰¥â„π‡«≈“ 15 s ·≈–π“‚π
§Õ¡‚æ ‘μ∑’Ë‡μ‘¡ P-CNT §◊π√Ÿª‰¥â„π‡«≈“ 40 s ‡π◊ËÕß®“° CNT °√–®“¬μ—«‰¥â¥’ ‚¥¬π“‚π§Õ¡‚æ ‘μ∑’Ë‡μ‘¡
CNT ∑—Èß Õß·∫∫ “¡“√∂§◊π√Ÿª‰¥âª√–¡“≥ 95% [24]

æÕ≈‘‡¡Õ√å®”√Ÿª°√–μÿâπ¥â«¬πÈ”·≈– “√‡§¡’
∂÷ß·¡â«à“¡’°“√»÷°…“·≈–æ—≤π“æÕ≈‘‡¡Õ√å®”√Ÿª°√–μÿâπ¥â«¬§«“¡√âÕπÕ¬à“ß°«â“ß¢«“ß ·μà

Õÿ≥À¿Ÿ¡‘„π°“√§◊π√Ÿª∑’Ë§àÕπ¢â“ß ŸßÕ“®®–‡ªìπ “‡Àμÿ„π°“√∑”≈“¬‡π◊ÈÕ‡¬◊ËÕÀ√◊ÕÕ«—¬«–‡ªÑ“À¡“¬‰¥â´÷Ëßπ—Ëπ‡ªìπ
¢âÕ®”°—¥„π°“√π”æÕ≈‘‡¡Õ√å®”√Ÿª°√–μÿâπ¥â«¬§«“¡√âÕπ‰ª„™âß“π∑“ß¥â“π°“√·æ∑¬å æÕ≈‘‡¡Õ√å®”√Ÿª°√–μÿâπ
¥â«¬πÈ”À√◊Õ “√‡§¡’∑’Ë‰¡à‡ªìπæ‘…®÷ß‡ªìπ ‘Ëß∑’Ëπà“ π„®„π°“√„™âß“πæÕ≈‘‡¡Õ√å®”√Ÿª∑“ß¥â“π°“√·æ∑¬å [25]  ”À√—∫
æÕ≈‘‡¡Õ√å®”√Ÿª°√–μÿâπ¥â«¬πÈ” πÈ”∑’ËæÕ≈‘‡¡Õ√å®”√Ÿª¥Ÿ¥´—∫‰«â®–∂Ÿ°·∫àßÕÕ°‡ªìππÈ”Õ‘ √– (free water) ·≈–
πÈ”∑’ËÕ¬Ÿà√à«¡°—∫ “√Õ◊Ëπ (bound water) πÈ”Õ‘ √–®–‰¡à¡’Õ‘∑∏‘æ≈„¥Ê °—∫æÕ≈‘‡¡Õ√å®”√Ÿª·≈–®–∂Ÿ°°”®—¥ÕÕ°
‰¥âÕ¬à“ß ¡∫Ÿ√≥å®“°°“√„Àâ§«“¡√âÕπ®π∂÷ßÕÿ≥À¿Ÿ¡‘ 120°C „π¢≥–∑’ËπÈ”∑’ËÕ¬Ÿà√à«¡°—∫ “√Õ◊Ëπ®–∂Ÿ°°”®—¥ÕÕ°
‰¥â®“°°“√„Àâ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß°«à“ 120°C ·≈–®–∑”„Àâæ—π∏–‰Œ‚¥√‡®πÕàÕπ·Õ≈ß àßº≈„ÀâÕÿ≥À¿Ÿ¡‘
°≈“ ∑√“π´‘™—π≈¥≈ß·≈–‰ª°√–μÿâπ„Àâ‡°‘¥°“√§◊π√Ÿª [26] Yang ·≈–§≥– [27] ‰¥âÕ∏‘∫“¬º≈¢ÕßπÈ”μàÕ
æ—π∏–‰Œ‚¥√‡®π¢ÕßæÕ≈‘¬Ÿ√’‡∑π®”√Ÿª¥—ß√Ÿª∑’Ë 9 ´÷Ëß· ¥ß‚§√ß √â“ß¢ÕßæÕ≈‘¬Ÿ√’‡∑π®”√Ÿª„π ¿“«–·Àâß·≈–
À≈—ß®“°®ÿà¡„ππÈ”∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‚¥¬¡’πÈ”∫“ß‚¡‡≈°ÿ≈∑’ËæÕ≈‘¬Ÿ√’‡∑π®”√Ÿª¥Ÿ¥´—∫‰«âÕ“®®–‡™◊ËÕ¡™àÕß«à“ß√–À«à“ß
æ—π∏–‰Œ‚¥√‡®π¢ÕßÀ¡Ÿà‡Õ¡’π (›NH) ·≈–À¡Ÿà§“√å∫Õπ‘≈ (›C=O) ‰«â¥—ß∫√‘‡«≥ a ·≈–πÈ”∑’ËÕ¬Ÿà√à«¡°—∫ “√
Õ◊ËπÕ¬à“ßÀ≈«¡Ê (loosely bound water) ®–∑”„Àâæ—π∏–‰Œ‚¥√‡®πÕàÕπ·Õ‰¥â‚¥¬μ√ßª√–°Õ∫°—∫°“√∑”
Àπâ“∑’Ë‡ªìπæ≈“ μ‘‰´‡´Õ√å¢ÕßπÈ”∑”„Àâ¢ÕßæÕ≈‘¬Ÿ√’‡∑π®”√Ÿª¡’ Tg ≈¥≈ß πÕ°®“°π’ÈπÈ”∫“ß‚¡‡≈°ÿ≈‡°‘¥°“√
øÕ√å¡μ—«‡ªìπ§Ÿà¢Õßæ—π∏–‰Œ‚¥√‡®π°—∫æ—π∏–‰Œ‚¥√‡®π∑’Ë¡’Õ¬Ÿà·≈â«¢ÕßÀ¡Ÿà§“√å∫Õπ‘≈¥—ß∫√‘‡«≥ b ‚¥¬º≈°“√
‡°‘¥æ—π∏–‰Œ‚¥√‡®π∑’Ë∫√‘‡«≥ a ·≈– b ¥—ß°≈à“« “¡“√∂¬◊π¬—π‰¥âº≈°“√∑¥ Õ∫¥â«¬‡∑§π‘§ FTIR ∑’Ë· ¥ß
°“√‡§≈◊ËÕπ‡≈¢§≈◊Ëπ¢Õßæ’§∑’Ë· ¥ß≈—°…≥–‡©æ“–¢Õßæ—π∏–‰Œ‚¥√‡®π„πæÕ≈‘¬Ÿ√’‡∑π®”√Ÿª [27]
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√Ÿª∑’Ë 9 º≈°√–∑∫¢ÕßπÈ”μàÕæ—π∏–‰Œ‚¥√‡®π„πæÕ≈‘¬Ÿ√’‡∑π®”√Ÿª (∑’Ë¡“®“° [27])

μàÕ¡“ Wang ·≈–§≥– [28] ‰¥â‡μ√’¬¡‰¡‚§√‰ø‡∫Õ√å·≈–‰¡‚§√ ª√‘ß®”√Ÿª®“°‡∑Õ√å‚¡
æ≈“ μ‘°æÕ≈‘¬Ÿ√’‡∑π (TPU) 2 ‡°√¥§◊Õ MM3520 ∑’Ë¡’§à“ Tg 35°C ·≈– MM5520 ∑’Ë¡’§à“ Tg 55°C
·≈–∑¥ Õ∫ª√“°Ø°“√≥å®”√Ÿª‡Àπ’Ë¬«π”¥â«¬πÈ”·≈– “√‡§¡’Õ◊ËπÊ §◊Õ ‡Õ∑“πÕ≈ ‡¡∑“πÕ≈ ·≈–‰Õ‚´‚æ√æ“πÕ≈
‰¡‚§√‰ø‡∫Õ√å·≈–‰¡‚§√ ª√‘ß®”√Ÿª‡μ√’¬¡‰¥â®“°°“√À≈Õ¡‡¡Á¥‡√´‘π TPU „π¿“™π–Õ–≈Ÿ¡‘‡π’¬¡®π°“√
À≈Õ¡‡°‘¥¢÷ÈπÕ¬à“ß ¡∫Ÿ√≥å·≈–„™â§’∫Àπ’∫ TPU À≈Õ¡Õ¬à“ßπÿà¡π«≈®π‰¥â‡ âπ TPU ∫“ßÊ ÕÕ°¡“®π
°√–∑—Ëß‡ âπ∑’Ë¥÷ßÕÕ°¡“¢“¥®–‰¥â‰¡‚§√‰ø‡∫Õ√å·≈–®–‰¥â‰¡‚§√ ª√‘ßμ√ß®ÿ¥∑’Ë‡°‘¥°“√¢“¥ ∑—Èß‰¡‚§√‰ø‡∫Õ√å
·≈–‰¡‚§√ ª√‘ß· ¥ßª√“°Ø°“√≥å®”√Ÿª‡Àπ’Ë¬«π”¥â«¬§«“¡√âÕπ‰¥â‡ªìπÕ¬à“ß¥’®“°°“√§◊π√Ÿª¢Õß‰¡‚§√ ª√‘ß
∑’Ë∂Ÿ°¬◊¥ÕÕ°°àÕππ”‰ª„Àâ§«“¡√âÕπ∫π‡§√◊ËÕß„Àâ§«“¡√âÕπ‡¡◊ËÕ‡«≈“ºà“π‰ª πÕ°®“°π’Èº≈°“√®ÿà¡‰¡‚§√‰ø‡∫Õ√å
·≈–‰¡‚§√ ª√‘ß≈ß„ππÈ”·≈– “√‡§¡’Õ◊ËπÊ ∑”„Àâæ—π∏–‰Œ‚¥√‡®πÕàÕπ·Õ≈ß àßº≈„ÀâÕÿ≥À¿Ÿ¡‘°≈“ ∑√“π´‘™—π
≈¥≈ß·≈–‰ª°√–μÿâπ„Àâ‡°‘¥°“√§◊π√Ÿªμ“¡∑’Ë Yang ·≈–§≥– [27] ‰¥âÕ∏‘∫“¬‰«â

∫∑ √ÿª
°“√æ‘®“√≥“√“¬°“√ß“π«‘®—¬¢Õß°“√‡μ√’¬¡æÕ≈‘‡¡Õ√å®”√Ÿª·≈–æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª

°√–μÿâπ¥â«¬°“√°√–μÿâπ∑—Èß 5 √Ÿª·∫∫  “¡“√∂ √ÿªªí®®—¬∑’Ë‡°’Ë¬«¢âÕß°—∫ª√“°Ø°“√≥å°“√§◊π√Ÿª°√–μÿâπ¥â«¬ ‘Ëß
‡√â“·μà≈–·∫∫·μ°μà“ß°—π¥—ß√Ÿª∑’Ë 10 ®–‡ÀÁπ‰¥â«à“ªí®®—¬∑’Ë„™âæ‘®“√≥“„π SMPCs °√–μÿâπ¥â«¬§«“¡√âÕπ
· ß·≈– π“¡‰øøÑ“§◊Õ  ¡∫—μ‘‡™‘ß°≈ °“√π”§«“¡√âÕπ °“√ àßºà“π§«“¡√âÕπ ŸàæÕ≈‘‡¡Õ√å‡π◊ÈÕæ◊Èπ ·≈– ¡∫—μ‘
§«“¡μâ“π∑“π‰øøÑ“ ‚¥¬ªí®®—¬¥—ß°≈à“«¢÷ÈπÕ¬Ÿà°—∫°“√°√–®“¬μ—«¢Õß “√‡μ‘¡·μàß„πæÕ≈‘‡¡Õ√å‡π◊ÈÕæ◊Èπ
ª√‘¡“≥¢Õß “√μ—«‡μ‘¡∑’Ë‡À¡“– ¡ Õ—πμ√°‘√‘¬“√–À«à“ß “√μ—«‡μ‘¡°—∫‡π◊ÈÕæ◊Èπ ·≈–≈—°…≥–‡©æ“–¢Õß “√μ—«
‡μ‘¡´÷Ëß¡’º≈μàÕ°“√‡°‘¥°“√§◊π√Ÿª¢Õß SMPC ¥â«¬‡™àπ°—π  ”À√—∫ SMPC °√–μÿâπ¥â«¬ π“¡·¡à‡À≈Á°°“√
§◊π√Ÿª¢÷ÈπÕ¬Ÿà°—∫¢π“¥Õπÿ¿“§¢Õß “√μ—«‡μ‘¡ FSMAP  ”À√—∫æÕ≈‘‡¡Õ√å®”√Ÿª°√–μÿâπ¥â«¬ “√‡§¡’°“√§◊π√Ÿª
®–¢÷ÈπÕ¬Ÿà°—∫°“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß‡§¡’∑’Ë¡’º≈„Àâ Tg ≈¥≈ß®“°°“√®ÿà¡„ππÈ”À√◊Õ “√‡§¡’
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√Ÿª∑’Ë 10 ªí®®—¬∑’Ë‡°’Ë¬«¢âÕß°—∫ª√“°Ø°“√≥å°“√§◊π√Ÿª¢ÕßæÕ≈‘‡¡Õ√å®”√Ÿª·≈–æÕ≈‘‡¡Õ√å§Õ¡‚æ ‘μ®”√Ÿª
°√–μÿâπ¥â«¬ ‘Ëß ‡√â“∑—Èß 5 ·∫∫

‡Õ° “√Õâ“ßÕ‘ß
1. Harper, H. M., & Li, G. (2013). A review of stimuli-responsive shape memory polymer

composites. Polymer, 54, 2199-2221.
2. Peponi, L., Navarro-Baena, I., & Kenny, J. M. (2014).†Shape memory polymers: properties,

synthesis and applications. In M. R. Aguilar, & J. S. Román (Eds.), Smart Polymers and
Their Applications, (pp. 204›236). Woodhead Publishing Limited.

3. Chen, L., Li, W., Liu, Y., & Leng, J. (2016). Nanocomposites of epoxy-based shape
memory polymer and thermally reduced graphite oxide: Mechanical, thermal and shape
memory characterizations. Composites Part B, 91, 75-82.

4. Prasomsin, W., Parnklang, T., Sapcharoenkun, C., Tiptipakorn, S., and Rimdusit, S. (2019).
Multiwalled carbon nanotube reinforced bio-based benzoxazine/epoxy composites with
NIR-laser stimulated shape memory effects. Nanomaterials, 9(881), 1-17.

5. Lu, H., Liu, Y., Gou, J., Leng, J., & Du, S. (2010).†Synergistic effect of carbon nanofiber
and carbon nanopaper on shape memory polymer composite. Applied Physics Letters,
96(8), 1-3.

6. Cao, F., & Jana, S. C. (2007). Nanoclay-tethered shape memory polyurethane nanocomposites.
Polymer, 48, 3790-3800.

7. Lui, Y., Du, H., Liu, L., & Leng, J. (2014). Shape memory polymers and their composites
in aerospace applications: A review. Smart Materials and Structures, 23, 1-22.



«“√ “√«‘∑¬“»“ μ√å ¡»« ªï∑’Ë 36 ©∫—∫∑’Ë 2 ∏—π«“§¡ (2563) 171

8. Chen, L., Li, W., Liu, Y., & Leng, J. (2015). Epoxy shape-memory polymer reinforced by
thermally reduced graphite oxide: influence of processing techniques. Journal of Applied
Polymer Science, 42502, 1-10.

9. Behl, M., & Lendlein, A. (2007). Actively moving polymers. Soft Matter, 3(1), 58›67.†
10. Wang, C., Fadeev, M., Zhang, J., Vázquez-González, M., Davidson-Rozenfeld, G., Tian, H.,

& Willner, I. (2018).†Shape-memory and self-healing functions of DNA-based carboxymethyl
cellulose hydrogels driven by chemical or light triggers. Chemical Science, 9, 7145-7152.

11. Gao, H., Li, J., Zhang, F., Liu, Y., & Leng, J. (2019). The research status and challenges of
shape memory polymer based flexible electronics. Materials Horizons 6: 931-944.

12. Hu, J. (2014). Shape Memory Polymers: Fundamentals, Advances and Applications
(pp. 134-136). United Kingdom. Smithers Rapra Technology Ltd.

13. Habault, D., Zhang, H., & Zhao, Y. (2013). Light-triggered self-healing and shape-memory
polymers. Chemical Society†Reviews, 42(17), 1-13.

14. Lu, H., Yao, Y., Huang, W. M., Leng, J., & Hui, D. (2014). Significantly improving
infrared light-induced shape recovery behavior of shape memory polymeric nanocomposite
via a synergistic effect of carbon nanotube and boron nitride. Composites: Part B, 62,
256›261.

15. Xu, J., & Song, J. (2015). Polylactic acid (PLA)-based shape-memory materials for
biomedical applications. In L. Yahia (Eds.), Shape Memory Polymers for Biomedical
Applications (pp. 198›217). Woodhead Publishing Series in Biomaterials.

16. Yu, K., Westbrook, K. K., Kao, P. H., Leng, J., & Qi, H. J. (2013). Design considerations
for shape memory polymer composites with magnetic particles. Journal of Composite
Materials, 47(1), 51›63.

17. Ze, Q., Kuang, X., Wu, S., Wong, J., S. Montgomery, M., Zhang, R., Kovitz, J. M., Yang,
F., Qi, H. J., & Zhao, R. (2019). Magnetic shape memory polymers with integrated
multifunctional shape manipulation Advanced Materials, 1906657, 1-8.

18. Ubran, M., & Strankowski, M. (2017). Shape memory polyurethane materials containing
ferromagnetic iron oxide and graphene nanoplatelets. Materials, 10(1083), 1-23.

19. Chang, W/-S. & Araki, Y. (2016). Use of shape-memory alloys in construction A critical
review. Proceedings of the Institution of Civil Engineers-Civil Engineering, 169(2),
87-95.

20. Hosoda, H., Takeuchi, S., Inamura, T., & Wakashima, K. (2004). Material design and shape
memory properties of smart composites composed of polymer and ferromagnetic shape
memory alloy particles. Science and Technology of Advanced Materials, 5, 503›509.



SWU Sci. J. Vol. 36 No. 2 (2020)172

21. Rogers, N., & Khan, F. (2013). Characterization of deformation induced changes to
conductivity in an electrically triggered shape memory polymer. Polymer Testing, 32,
71›77.

22. Bai, Y., Zhang, Y., Wang, Q., & Wang, T. (2013).†Shape memory properties of
multi-walled carbon nanotube/polyurethane composites prepared by in situ polymerization.
Journal of Materials Science, 48(5), 2207›2214.†

23. Lu, H., Liu, Y., Gou, J., Leng, J., & Du, S. (2010).†Electroactive shape-memory polymer
nanocomposites incorporating carbon nanofiber paper. International Journal of Smart and
Nano Materials, 1(1), 2›12.†

24. Raja, M., Ryu, S. H., & Shanmugharaj, A. M. (2013). Thermal, mechanical and electroactive
shape memory of polyurethane (PU)/poly (lactic acid) (PLA)/CNT nanocomposites.
European Polymer Journal, 49, 3492›3500.

25. Chen, H. M., Wang, L., & Zhou, S. B. (2018). Recent progress in shape memory polymers
for biomedical applications. Chinese Journal of Polymer Science, 36(8), 905›917.

26. Huang, W. M., Yang, B., Zhao, Y., & Ding, Z. (2010). Thermo-moisture responsive
polyurethane shape-memory polymer and composites: a review. Journal†of†Materials
Chemistry,†20(17): 3367›3381.

27. Yang, B., Huang, W. M., Li, C., & Li, L. (2006). Effects of moisture on the thermomechanical
properties of a polyurethane shape memory polymer. Polymer, 47, 1348›1356.

28. Wang, C. C., Zhao, Y., Purnawali, H., Huang, W. M., & Sun, L. (2012). Chemically
induced morphing in polyurethane shape memory polymer micro fibers/springs. Reactive
and Functional Polymers, 72(10), 757›764.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


