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∫∑§—¥¬àÕ
‰§‚µ´“π (chitosan) ∂Ÿ° —ß‡§√“–Àå¢÷Èπ®“°·°πÀ¡÷° (squid pen) æ‘ Ÿ®πå‡Õ°≈—°…≥å¥â«¬‡∑§π‘§ FT-IR ·≈–À“πÈ”Àπ—°

‚¡‡≈°ÿ≈‡©≈’Ë¬¥â«¬«‘∏’ intrinsic viscosity ®“°π—Èππ”¡“‡µ√’¬¡‡ªìπæÕ≈‘‡¡Õ√å‰Œ‚¥√‡®≈¢ÕßæÕ≈‘‰«π‘≈Õ—≈°ÕŒÕ≈å (poly(vinyl

alcohol); PVA) ·≈–‰§‚µ´“π (PVA/chitosan hydrogels) ∑’ËÕ—µ√“ à«πµà“ßÊ ¥â«¬‡∑§π‘§‡´¡‘Õ‘π‡∑Õ√å‡æπ‘‡∑√∑‘ßæÕ≈‘‡¡Õ√å‡πÁµ‡«Õ√å§

(semi-interpenetrating polymer network; semi-IPN) ¡’µ—«√‘‡√‘Ë¡·≈–µ—«‡™◊ËÕ¡‚¬ß§◊Õ 2,2-dimethoxy-2-phenylacetophenone

(DMPAP) ·≈– acryloyl chloride µ“¡≈”¥—∫ ®“°°“√»÷°…“§«“¡ “¡“√∂„π°“√Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈ (%EWC) ¢Õß PVA/chitosan

hydrogels æ∫«à“ª√‘¡“≥¢ÕßæÕ≈‘‰«π‘≈Õ—≈°ÕŒÕ≈å¡’º≈µàÕ§«“¡ “¡“√∂„π°“√Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈ ‚¥¬∂â“¡’ª√‘¡“≥¢ÕßæÕ≈‘‰«π‘≈Õ—≈

°ÕŒÕ≈å¡“° PVA/chitosan hydrogels  “¡“√∂Õÿâ¡πÈ”‰¥â¥’ °“√»÷°…“§«“¡ “¡“√∂„π°“√µÕ∫ πÕßµàÕ°“√°√–µÿâπ¥â«¬°√–· 

‰øøÑ“‚¥¬π”·ºàπ PVA/chitosan hydrogels ·™à„π “√≈–≈“¬‚´‡¥’¬¡§≈Õ‰√¥å§«“¡‡¢â¡¢âπµà“ßÊ ·≈â«„Àâ·√ß¥—π‰øøÑ“ 15 ‚«≈µå

æ∫«à“·ºàπ PVA/chitosan hydrogels ‡°‘¥°“√‡∫πßÕ‰ª¬—ß¢—È«≈∫·≈–‡∫π°≈—∫„π∑‘»∑“ßµ√ß¢â“¡‡¡◊ËÕÀ¬ÿ¥„Àâ·√ß¥—π‰øøÑ“ ß“π

«‘®—¬π’È¬—ß‰¥â»÷°…“æƒµ‘°√√¡°“√µÕ∫ πÕßµàÕ°“√°√–µÿâπ¥â«¬°√–· ‰øøÑ“¢Õß·ºàπ PVA/chitosan hydrogels ∑’ËÕ—µ√“ à«πµà“ßÊ

¥â«¬

§” ”§—≠ : æÕ≈‘‡¡Õ√å‰Œ‚¥√‡®≈ Õ‘π‡∑Õ√å‡æπ‘‡∑√∑‘ßæÕ≈‘‡¡Õ√å‡πÁµ‡«Õ√å§ §«“¡ “¡“√∂„π°“√Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈ æƒµ‘°√√¡°“√µÕ∫

 πÕßµàÕ°“√°√–µÿâπ¥â«¬°√–· ‰øøÑ“

Abstract
Chitosan was synthesized from squid pen and was characterized using FT-IR. The average molecular

weight of the synthesized chitosan was estimated using intrinsic viscosity method. Poly(vinyl alcohol)(PVA)/

chitosan hydrogels, at various compositions, were prepared by semi-interpenetrating polymer network (semi-

IPN) technique. 2,2-dimethoxy-2-phenylacetophenone (DMPAP) and acryloyl chloride were used as an initiator

and a crosslinker, respectively. It was found that equilibrium water content (%EWC) of the polymer hydrogels

increased with increasing poly(vinyl alcohol) content. The electrical response of the polymer hydrogels, immersed

in various concentrations of NaCl solutions, was also investigated. With the application of a 15-volt-electric field,

the polymer hydrogels bent toward the negative electrode and bent back toward the opposite direction when the

electric stimulus was removed. The electrical sensitive behavior of the hydrogels at various compositions was

also discussed.

Keywords : polymer hydrogel, interprenetrating polymer networks, equilibrium water content, electrical sensitive

behavior.
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∫∑π”

ªí®®ÿ∫—ππ—°«‘∑¬“»“ µ√å‰¥â„Àâ§«“¡ π„® “√∑’Ë‰¥â
®“°∏√√¡™“µ‘‡æ‘Ë¡¡“°¢÷Èπ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‰§µ‘π-‰§‚µ´“π
´÷Ë ßÀ“ßà“¬·≈–¡’ª√–‚¬™πå¡“°„π¥â“π°“√‡°…µ√·≈–
¥â“πÕÿµ “À°√√¡À≈“¬ª√–‡¿∑ ‡™àπ „™â∫”∫—¥πÈ”‡ ’¬ ª√—∫º‘«
Àπâ“°√–¥“… „™â‡ªìπ “√°—π∫Ÿ¥ ·≈–„™â‡§≈◊Õ∫‡¡≈Á¥æ—π∏ÿå
πÕ°®“°π’È¬—ß¡’°“√π”¡“„™â∑“ß¥â“π°“√·æ∑¬å·≈–‡¿ —™°√√¡
‡π◊ËÕß®“°‰§‚µ´“π¡’ª√– ‘∑∏‘¿“æ„π°“√ªÑÕß°—π®ÿ≈‘π∑√’¬å
(antibacterial activity) ·≈–‡ªìπ “√∑’Ë‰¥â®“°∏√√¡™“µ‘
√à“ß°“¬®÷ß‰¡àµàÕµâ“π ‡™àπ‡¥’¬«°—∫π—°«‘∑¬“»“ µ√å “¢“Õ◊ËπÊ
π—°«‘∑¬“»“ µ√åæÕ≈‘‡¡Õ√å„Àâ§«“¡ π„®π”‰§‚µ´“π¡“
 —ß‡§√“–Àå‡ªìπæÕ≈‘‡¡Õ√å‡®≈´÷Ëß “¡“√∂µÕ∫ πÕßµàÕ ‘Ëß‡√â“
®“°¿“¬πÕ° ‡™àπ Õÿ≥À¿Ÿ¡‘ pH  π“¡‰øøÑ“ ·≈– π“¡·¡à‡À≈Á°
‡ªìπµâπ (Galaev and Mattiasson, 1999; Jeong and
Gutowska, 2002)

æÕ≈‘‡¡Õ√å‡®≈‡ªìπæÕ≈‘‡¡Õ√å∑’Ë¡’‚§√ß √â“ß·∫∫√à“ß·À
¿“¬„π¡’¢Õß‡À≈«·∑√°Õ¬Ÿà ‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß ‘Ëß
·«¥≈âÕ¡¿“¬πÕ°Õ“∑‘ Õÿ≥À¿Ÿ¡‘ pH  π“¡‰øøÑ“ À√◊Õ π“¡
·¡à‡À≈Á° æÕ≈‘‡¡Õ√å‡®≈®–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¿“¬„π‚§√ß √â“ß
‡™àπ Õ“®‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß®“° ¿“«–™Õ∫πÈ” (hydrophilic)
‰ª‡ªìπ ¿“«–‰¡à™Õ∫πÈ” (hydrophobic) ´÷Ëß°“√‡ª≈’Ë¬π·ª≈ß
¥—ß°≈à“«‡ªìπ°“√‡ª≈’Ë¬π·ª≈ß·∫∫º—π°≈—∫‰¥â ‡ªìπº≈„Àâ
æÕ≈‘‡¡Õ√å‡®≈‡°‘¥°“√¬◊¥·≈–À¥µ—« Shin et al.,(2002) ∑”°“√
‡µ√’¬¡æÕ≈‘‡¡Õ√å‰Œ‚¥√‡®≈¢Õß PVA ·≈– PDMS æ∫«à“
‰Œ‚¥√‡®≈∑’Ë‰¥â¡’√âÕ¬≈–°“√Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈ (%EWC) Õ¬Ÿà„π™à«ß
50-53 ‚¥¬æÕ≈‘‡¡Õ√å‰Œ‚¥√‡®≈∑’Ë¡’ —¥ à«π¢Õß PVA ¡“°∑’Ë ÿ¥
¡’√âÕ¬≈–°“√Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈¡“°∑’Ë ÿ¥ Kim et al., (2003) æ∫«à“
√âÕ¬≈–°“√Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈¢Õß PVA/chitosan hydrogels
®–‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ§«“¡™◊Èπ·≈– —¡ª√– ‘∑∏‘Ï°“√·æ√à‡æ‘Ë¡¢÷Èπ ·≈–
„πªï‡¥’¬«°—π Kim et al., (2003) ‰¥â»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ
æƒµ‘°√√¡°“√∫«¡µ—« (swelling behavior) ¢Õß PVA/chitosan
hydrogels ‚¥¬‡∑§π‘§ FT-IR ·≈– DSC æ∫«à“∑’ËÕÿ≥À¿Ÿ¡‘ 35
Õß»“‡´≈‡´’¬  Õ—µ√“°“√∫«¡µ—« (swelling ratio) ¢Õß‰Œ‚¥√‡®≈
¡’§à“Õ¬Ÿà„π™à«ß 210-350% πÕ°®“°π’È¬—ßæ∫«à“Õ—µ√“°“√
∫«¡µ—«¢Õß‰Œ‚¥√‡®≈¥—ß°≈à“«¢÷Èπ°—∫ pH ¢Õß “√≈–≈“¬¥â«¬

¥—ßπ—Èππ—°«‘∑¬“»“ µ√åæÕ≈‘‡¡Õ√å®÷ß¡’§«“¡ π„®∑’Ë®–π”
æÕ≈‘‡¡Õ√å‡®≈¡“æ—≤π“‡æ◊ËÕ„™âß“π∑“ß¥â“π°“√·æ∑¬å Kim
et al., (2002) ∑”°“√ —ß‡§√“–Àå PVA/chitosan IPN hydrogels

‡æ◊ËÕπ”¡“ª√–¬ÿ°µå„™â∑“ß¥â“π°“√·æ∑¬å·≈–Õÿµ “À°√√¡ (‡™àπ
°“√π”‰ªª√–¬ÿ°µå„™â‡ªìπ°≈â“¡‡π◊ÈÕ‡∑’¬¡ Õ«—¬«–‡∑’¬¡ ·≈–
µ—«§«∫§ÿ¡°“√ª≈¥ª≈àÕ¬¬“‚¥¬°“√°√–µÿâπ¥â«¬°√–· ‰øøÑ“
‡ªìπµâπ) ·≈–‰¥â»÷°…“°“√Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈„π “√≈–≈“¬‚´‡¥’¬¡
§≈Õ‰√¥å∑’Ë¡’§«“¡‡¢â¡¢âπµà“ßÊ æ∫«à“√âÕ¬≈–¢Õß°“√Õÿâ¡πÈ”
∑’Ë ¡¥ÿ≈®–≈¥≈ß‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‚´‡¥’¬¡§≈Õ‰√¥å
‡æ‘Ë¡¢÷Èπ πÕ°®“°π’È‰Œ‚¥√‡®≈‡°‘¥°“√¬◊¥-À¥µ—«‰¥â‡¡◊ËÕ‰¥â√—∫
°“√°√–µÿâπ¥â«¬°√–· ‰øøÑ“ ́ ÷Ëß¡ÿ¡·≈–§«“¡‡√Á«„π°“√¬◊¥-À¥
µ—«¢Õß‰Œ‚¥√‡®≈‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡æ‘Ë¡»—°¬å‰øøÑ“·≈–§«“¡‡¢â¡¢âπ
¢Õß “√≈–≈“¬‚´‡¥’¬¡§≈Õ‰√¥å

°“√»÷°…“§√—Èßπ’È‡ªìπ°“√ —ß‡§√“–Àå‰§‚µ´“π®“°·°πÀ¡÷°
®“°π—Èπ∑”°“√¬◊π¬—π‚§√ß √â“ß¢Õß‰§‚µ´“π¥â«¬‡∑§π‘§
Infrared (IR) spectroscopy ·≈–À“πÈ”Àπ—°‚¡‡≈°ÿ≈‡©≈’Ë¬
¥â«¬«‘∏’ intrinsic viscosity ∑”°“√ —ß‡§√“–ÀåæÕ≈‘‡¡Õ√å‡®≈
®“°æÕ≈‘‰«π‘≈·Õ≈°ÕŒÕ≈å (poly(vinyl alcohol)) ·≈–‰§‚µ´“π
‚¥¬‡∑§π‘§‡´¡‘Õ‘π‡∑Õ√å‡æπ‘‡∑√∑‘ßæÕ≈‘‡¡Õ√å‡πÁµ‡«Õ√å§
(semi-interpenetrating polymer networks; semi-IPNs)
 ÿ¥∑â“¬∑”°“√∑¥ Õ∫§«“¡ “¡“√∂„π°“√Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈·≈–
§«“¡ “¡“√∂„π°“√µÕ∫ πÕßµàÕ°“√°√–µÿâπ¥â«¬°√–· ‰øøÑ“
¢ÕßæÕ≈‘‡¡Õ√å‡®≈∑’Ë —ß‡§√“–Àå¢÷Èπ

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

 “√‡§¡’
‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å (sodium hydroxide; NaOH)

AR grade (∫√‘…—∑ Asia Pacific Specialty Chemical)
°√¥‰Œ‚¥√§≈Õ√‘° (hydrochloric acid; HCl) (∫√‘…—∑ Fisher
Scientific) æÕ≈‘‰«π‘≈Õ—≈°ÕŒÕ≈å (polyvinyl alcohol; PVA)
πÈ”Àπ—°‚¡‡≈°ÿ≈‡©≈’Ë¬ (MW) 145,000 g(mol)-1 (∫√‘…—∑ Fluka)
Õ–‰§√‚≈Õ‘≈§≈Õ‰√¥å (acryloyl chloride) GC grade (∫√‘…—∑
Merck), 2,2-‰¥‡¡∑Õ°´’-2-øïπ‘≈Õ–´’‚µøï‚ππ (2,2-dimethoxy-
2-phenylacetophenone, DMPAP) GC grade (∫√‘…—∑ Fluka)
‡µµ√–‰Œ‚¥√øî«·√π (tetrahydrofuran, THF) GC grade
(∫√‘…—∑ BDH Laboratory Supplies) °√¥Õ–´‘µ‘° (acetic acid)
(∫√‘…—∑ BDH Laboratory Supplies) ‚´‡¥’¬¡§≈Õ‰√¥å
(sodium Chloride, NaCl) purity 99.9% (∫√‘…—∑ Asia
Pacific Specialty Chemical)
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‡§√◊ËÕß¡◊Õ
µŸâÕ∫ ÿ≠≠“°“» (vacuum oven) √ÿàπ 282 A Fisher

Scientific À≈Õ¥¬Ÿ«’ (UV lamp) ¢π“¥°”≈—ß‰øøÑ“ 20 «—µµå
Differential scanning calorimetry (DSC) √ÿàπ PYRIS
Diamond DSC (∫√‘…—∑ Perkin Elmer) Infrared
Spectroscopy √ÿàπ system 2000 FT-IR (∫√‘…—∑ Perkin
Elmer) À¡âÕ·ª≈ß‰øøÑ“‚«≈µåµË” GMC®

«‘∏’∑¥≈Õß

°“√‡µ√’¬¡‰§‚µ´“π®“°·°πÀ¡÷°
°“√‡µ√’¬¡‡∫µâ“‰§µ‘π®“°·°πÀ¡÷°
π”·°πÀ¡÷°≈â“ß„Àâ –Õ“¥·≈–µ“°·¥¥®—¥Ê ‡ªìπ‡«≈“

1-2 «—π ¡“∫¥¥â«¬‡§√◊ËÕß∫¥Õ“À“√„Àâ¡’¢π“¥ª√–¡“≥ 2-3
¡‘≈≈‘‡¡µ√ ·™à·°πÀ¡÷°∑’Ë∫¥·≈â«πÈ”Àπ—° 75 °√—¡„π “√ NaOH
‡¢â¡¢âπ 2  ‚¡≈“√å ª√‘¡“µ√ 750 ¡‘≈≈‘≈‘µ√ §π„Àâ‡¢â“°—π·≈–
µ—Èß∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èπ°√Õß‡Õ“
 à«π∑’Ë‡ªìπ “√≈–≈“¬∑‘Èß ‡µ‘¡ “√≈–≈“¬ NaOH ‡¢â¡¢âπ
2 ‚¡≈“√å ª√‘¡“µ√ 750 ¡‘≈≈‘≈‘µ√≈ß‰ªÕ’°§√—Èß §π„Àâ‡¢â“°—π
√’ø≈—°´å„π oil bath ∑’ËÕÿ≥À¿Ÿ¡‘ 100 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“
4 ™—Ë«‚¡ß µ—Èß∑‘Èß‰«â„Àâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß °√Õß‡Õ“ à«π∑’Ë‡ªìπ
 “√≈–≈“¬∑‘Èß ≈â“ßº≈‘µ¿—≥±å∑’Ë‰¥â¥â«¬πÈ”°≈—ËπÀ≈“¬Ê §√—Èß
®ππÈ” ÿ¥∑â“¬∑’Ë≈â“ß¡’§à“æ’‡Õ™ª√–¡“≥ 7 π”º≈‘µ¿—≥±å∑’Ë‰¥â·™à
„π°√¥‰Œ‚¥√§≈Õ√‘°‡¢â¡¢âπ 1 ‚¡≈“√å ª√‘¡“µ√ 750 ¡‘≈≈‘≈‘µ√
§π„Àâ‡¢â“°—π ·™à∑‘Èß‰«â 24 ™—Ë«‚¡ß ®“°π—Èπ≈â“ß¥â«¬πÈ”°≈—Ëπ
À≈“¬Ê §√—Èß ®ππÈ” ÿ¥∑â“¬∑’Ë≈â“ß¡’§à“æ’‡Õ™ª√–¡“≥ 7 °√Õß‡Õ“
 à«π∑’Ë‡ªìπ “√≈–≈“¬∑‘Èß º≈‘µ¿—≥±å∑’Ë‰¥â„π¢—Èππ’È§◊Õ‡∫µâ“‰§µ‘π
(β-chitin)

°“√‡µ√’¬¡‰§‚µ´“π®“°‡∫µâ“‰§µ‘π
π”‡∫µâ“‰§µ‘π∑’Ë‰¥â¡“·™à„π “√≈–≈“¬ NaOH ‡¢â¡¢âπ

30%w/v ª√‘¡“µ√ 750 ¡‘≈≈‘≈‘µ√ √’ø≈—°´å„π oil bath
‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß µ—Èß∑‘Èß‰«â„Àâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß °√Õß‡Õ“
 à«π∑’Ë‡ªìπ “√≈–≈“¬∑‘Èß ≈â“ßº≈‘µ¿—≥±å∑’Ë‰¥â¥â«¬πÈ”°≈—ËπÀ≈“¬Ê
§√—Èß ®ππÈ” ÿ¥∑â“¬∑’Ë≈â“ß¡’§à“æ’‡Õ™ª√–¡“≥ 7 Õ∫º≈‘µ¿—≥±å
∑’Ë‰¥â„Àâ·Àâß„πµŸâÕ∫ ÿ≠≠“°“»∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬ 
‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß º≈‘µ¿—≥±å∑’Ë‰¥â§◊Õ‰§‚µ´“π

°“√‡µ√’¬¡æÕ≈‘‡¡Õ√å‰Œ‚¥√‡®≈
‡µ‘¡ acryloyl chloride ·≈– DMPAP ≈ß„π “√≈–≈“¬

9 %wt PVA („π°√¥Õ– ‘́µ‘°‡¢â¡¢âπ 4 %w/v) °«π¥â«¬
·∑àß·¡à‡À≈Á° (magnetic bar) ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ®“°π—Èπ
π” “√≈–≈“¬∑’Ë‰¥âº ¡°—∫ “√≈–≈“¬ 1 %wt ‰§‚µ´“π
(„π°√¥Õ– ‘́µ‘°‡¢â¡¢âπ 4 %w/v) °«π¥â«¬·∑àß·¡à‡À≈Á°‡ªìπ‡«≈“
2 ™—Ë«‚¡ß ‡∑ “√≈–≈“¬≈ß„π®“π‡æ“–‡™◊ÈÕ (Petri dish) ·≈–
π”‰ª©“¬· ß¬Ÿ«’‚¥¬«“ß®“π‡æ“–‡™◊ÈÕÀà“ß®“°À≈Õ¥¬Ÿ«’ 10
‡´πµ‘‡¡µ√ ‡ªìπ‡«≈“ 51 ™—Ë«‚¡ß ®–‰¥âæÕ≈‘‡¡Õ√å‡®≈‡ªìπ
º≈‘µ¿—≥±å ®“°π—Èππ”æÕ≈‘‡¡Õ√å‡®≈∑’Ë‰¥â¡“Õ∫„πµŸâÕ∫ ÿ≠≠“°“»
(vacuum oven) ∑’ËÕÿ≥À¿Ÿ¡‘ 50 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 12
™—Ë«‚¡ß πÈ”Àπ—°·≈–ª√‘¡“µ√¢Õß PVA ‰§‚µ´“π acryloyl
chloride ·≈– DMPAP ∑’Ë„™â„π°“√‡µ√’¬¡ PVA/chitosan
hydrogels ∑’ËÕ—µ√“ à«πµà“ßÊ · ¥ß„πµ“√“ß∑’Ë 1

Õ—µ√“ à«π

PVA/chitosan

πÈ”Àπ—° “√ (g) ª√‘¡“µ√
(ml)

PVA
‰§‚µ
´“π

acryloyl
chloride

100/0 5.00 0.00 0.05

75/25 3.00 1.00 0.03

50/50 1.00 1.00 0.01

25/75 1.00 3.00 0.01

0/100 0.00 3.00 0.00

µ“√“ß∑’Ë 1 πÈ”Àπ—°·≈–ª√‘¡“µ√¢Õß “√∑’Ë„™â„π°“√‡µ√’¬¡

PVA/chitosan hydrogels ∑’ËÕ—µ√“ à«πµà“ß Ê

DMPAP

0.10

πÈ”Àπ—°
(g)

0.00

0.06

0.02

0.02

°“√∑¥ Õ∫ ¡∫—µ‘¢ÕßæÕ≈‘‡¡Õ√å‰Œ‚¥√‡®≈
°“√∑¥ Õ∫§«“¡ “¡“√∂„π°“√Õÿâ ¡πÈ”∑’Ë  ¡¥ÿ≈

(equilibrium water content, %EWC)
™—ËßπÈ”Àπ—°·ºàπ PVA/chitosan hydrogels ∫—π∑÷°‡ªìπ

πÈ”Àπ—°·Àâß (W
d
) ·™à„ππÈ”∑’Ëª√“»®“°‰ÕÕÕπ (deionized (DI)

water) ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß „™â°√–¥“…°√Õß
´—∫πÈ” à«π∑’Ë‡°‘πÕÕ° ™—ËßπÈ”Àπ—° ∫—π∑÷°‡ªìππÈ”Àπ—°‡ªï¬° (Ww)
§”π«≥À“√âÕ¬≈–°“√Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈‚¥¬„™â ¡°“√ (Kim et al.,
1995)
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√âÕ¬≈–°“√Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈ (%EWC) = (Ww- Wd)/ Ww x100

∑”°“√∑¥≈Õß‡™àπ‡¥’¬«°—π°—∫·ºàπ PVA/chitosan hydrogels
Õ’° Õß·ºàπ ( “¡·ºàπ ”À√—∫·µà≈–Õ—µ√“ à«π¢Õß PVA/
chitosan hydrogels)

°“√∑¥ Õ∫§«“¡ “¡“√∂„π°“√µÕ∫ πÕßµàÕ°“√
°√–µÿâπ¥â«¬°√–· ‰øøÑ“

µ—¥·ºàπ PVA/chitosan hydrogels ∑’ËÕ—µ√“ à«πµà“ßÊ
ÕÕ°‡ªìπ·ºàπ‡≈Á°Ê ¢π“¥ 20x5 ¡‘≈≈‘‡¡µ√ ·≈–¡’§«“¡Àπ“
ª√–¡“≥ 0.4 ¡‘≈≈‘‡¡µ√ Àπ’∫¥â«¬‰¡â‰ºà ‡æ◊ËÕªÑÕß°—π°“√ßÕµ—«
¢Õß™‘Èπß“π π”™‘Èπß“π∑’Ë‡µ√’¬¡‰«â‰ª·™à≈ß„π “√≈–≈“¬ NaCl
∑’Ë§«“¡‡¢â¡¢âπµà“ßÊ §◊Õ 0.2  0.4  0.6  0.8 ·≈– 1.0 %wt ‡ªìπ
‡«≈“ 24 ™—Ë«‚¡ß∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß π”·ºàπ PVA/chitosan
hydrogels ∑’ËÕ‘Ë¡µ—«¥â«¬ “√≈–≈“¬ NaCl ¡“¬÷¥ª≈“¬¥â“π
Àπ÷Ëß‰«â√–À«à“ß¢—È«‰øøÑ“∫«°·≈–≈∫„π “√≈–≈“¬ NaCl (∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß) ‚¥¬¢—È«‰øøÑ“∫«°·≈–≈∫®–µàÕ‡¢â“°—∫§“√å∫ÕπÕ‘
‡≈Á°‚∑√¥ (carbon electrode) ‚¥¬¡’√–¬–Àà“ß√–À«à“ß¢—È«
‰øøÑ“∑—Èß Õß‡∑à“°—∫ 10 ¡‘≈≈‘‡¡µ√ (· ¥ß¥—ß√Ÿª∑’Ë 1) ®“°π—Èπ
„Àâ§«“¡µà“ß»—°¬å¢π“¥ 15 ‚«≈µå·°à “√≈–≈“¬ ®—∫‡«≈“·≈–
Õà“π¡ÿ¡∑’Ë·ºàπ PVA/chitosan hydrogels ‡∫π‰ª∑ÿ°Ê 1 π“∑’
®π°√–∑—Ëß‰¡à‡∫πÕ’° À¬ÿ¥„Àâ§«“¡µà“ß»—°¬å ·≈–Õà“π¡ÿ¡∑’Ë·ºàπ
PVA/chitosan hydrogels ‡∫π°≈—∫∑ÿ°Ê 1 π“∑’ ®π°√–∑—Ëß
‰¡à‡∫πÕ’°

a = 0.93) æ∫«à“¡’§à“‡∑à“°—∫ 9.9x105 g (mol)-1 ·≈–®“°°“√
«‘‡§√“–Àå‚§√ß √â“ß¢Õß‰§‚µ´“π¥â«¬‡∑§π‘§ Infrared (IR)
spectroscopy (system 2000 FT-IR; Perkin Elmer) æ∫
«à“ ‡ª°µ√—¡¢Õßøî≈å¡‰§‚µ´“π∑’Ë —ß‡§√“–Àå‰¥â· ¥ß —≠≠“≥∑’Ë
1653 cm-1 ´÷Ëß‡ªìπ amide band ®“°À¡Ÿà acetamide ∑’Ë
‡À≈◊ÕÕ¬Ÿà„π chitosan ·≈– —≠≠“≥∑’Ë 1585 ·≈– 1477 cm-1

®“°À¡ŸàÕ–¡‘‚π„π‰§‚µ´“π πÕ°®“°π’È¬—ßæ∫ —≠≠“≥∑’Ëª√–¡“≥
3400 cm-1 ®“°À¡Ÿà OH „π‰§‚µ´“π  ‡ª°µ√—¡¢Õßøî≈å¡‰§
‚µ´“π· ¥ß‰¥â¥—ß√Ÿª∑’Ë 2

§«“¡ “¡“√∂„π°“√Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈ (equilibrium
water content, %EWC) ¢Õß PVA/chitosan hydrogels

®“°°“√∑¥ Õ∫§«“¡ “¡“√∂„π°“√Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈¢Õß
PVA/chitosan hydrogels æ∫«à“¡’§à“√âÕ¬≈–°“√Õÿâ¡πÈ”∑’Ë
 ¡¥ÿ≈Õ¬Ÿà„π™à«ß 27 - 45% ¥—ß· ¥ß„π√Ÿª∑’Ë 3

®“°√Ÿª∑’Ë 3 æÕ≈‘‰«π‘≈Õ—≈°ÕŒÕ≈å¡’§«“¡ “¡“√∂„π°“√
Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈ (65%) ¡“°°«à“‰§‚µ´“π(36%) ∑—Èßπ’È‡π◊ËÕß¡“
®“°æÕ≈‘‰«π‘≈Õ—≈°ÕŒÕ≈å¡’ ¡∫—µ‘™Õ∫πÈ” (hydrophilic nature)
∑’Ë¥’ (Bourke et al., 2003; Shin et al., 2002) ¥—ßπ—Èπ
‡¡◊ËÕ‡µ‘¡æÕ≈‘‰«π‘≈Õ—≈°ÕŒÕ≈å≈ß‰ª„π‰Œ‚¥√‡®≈¢ÕßæÕ≈‘‡¡Õ√å
º ¡ ®÷ß∑”„Àâ PVA/chitosan hydrogels ¡’§«“¡ “¡“√∂
„π°“√Õÿâ¡πÈ”¡“°¢÷Èπ Õ¬à“ß‰√°Áµ“¡æ∫«à“∑’ËÕ—µ√“ à«π¢Õß
PVA/chitosan ∑’Ë 25/75 §«“¡ “¡“√∂„π°“√Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈¢Õß
PVA/chitosan hydrogel ≈¥≈ß‡À≈◊Õ 27% ÷́ËßπâÕ¬°«à“
§«“¡ “¡“√∂„π°“√Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈¢Õß‰§‚µ´“π

√Ÿª∑’Ë 1 °“√«“ß™‘Èπß“πæÕ≈‘‡¡Õ√å‰Œ‚¥√‡®≈„π°“√∑¥ Õ∫

§«“¡ “¡“√∂„π°“√µÕ∫ πÕßµàÕ°“√°√–µÿâπ¥â«¬

°√–· ‰øøÑ“ (Yuk and Lee, 1993).

√Ÿª∑’Ë 2 FT-IR spectra ¢Õß·ºàπøî≈å¡‰§‚µ´“π

NaCI AQUEOUS SOLUTION

BENDING
ANGLE

GEL MATRIX

ELECTRODE

4000

3400

1653

1585
1477

3500

Wavenumber (cm-1)
3000 2500 2000 1500 1000 500

%
 T

º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈
°“√æ‘ Ÿ®πå‡Õ°≈—°…≥å¢Õß‰§‚µ´“π
®“°°“√∑¥≈ÕßÀ“πÈ”Àπ—°‚¡‡≈°ÿ≈‡©≈’Ë¬¢Õß‰§‚µ´“π

‚¥¬«‘∏’ intrinsic viscosity ([η]= 678.9, K=1.8x10-3 g/ml,
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√Ÿª∑’Ë 3 √âÕ¬≈–¢Õß°“√Õÿâ¡πÈ”∑’Ë ¡¥ÿ≈ (%EWC) ¢Õß

PVA/chitosan hydrogels ∑’ËÕ—µ√“ à«πµà“ß Ê

§«“¡ “¡“√∂„π°“√µÕ∫ πÕßµàÕ°“√°√–µÿâπ¥â«¬
°√–· ‰øøÑ“

‡¡◊ËÕ„Àâ°√–· ‰øøÑ“®“°·À≈àß®à“¬‰øøÑ“∑’Ë¡’§à“§«“¡
µà“ß»—°¬å 15 ‚«≈µåºà“π≈ß‰ª„π “√≈–≈“¬ NaCl ∑’Ë¡’·ºàπ
PVA/chitosan hydrogels ·™àÕ¬Ÿà æ∫«à“·ºàπ PVA/chitosan
hydrogels ∑ÿ°Õ—µ√“ à«π®–µÕ∫ πÕßµàÕ°“√°√–µÿâπ¥â«¬
°√–· ‰øøÑ“‚¥¬°“√‡∫π‡¢â“À“¢—È«≈∫ ·≈–‡¡◊ËÕÀ¬ÿ¥„Àâ°√–· 
‰øøÑ“ ®–§àÕ¬Ê ‡∫π°≈—∫‡¢â“À“¢—È«∫«°·µà‰¡à “¡“√∂°≈—∫ Ÿà
µ”·Àπàß‡¥‘¡°àÕπ∑’Ë®–„Àâ°√–· ‰øøÑ“‰¥â (¥—ß√Ÿª∑’Ë 4) ·µà‡¡◊ËÕ
‡ª≈’Ë¬π®“° “√≈–≈“¬ NaCl ‡ªìππÈ”∑’Ëª√“»®“°‰ÕÕÕπ
(deionized water) æ∫«à“·ºàπ PVA/chitosan hydrogels
‰¡à‡°‘¥°“√‡∫π‡¢â“À“¢—È«‰øøÑ“„¥‡≈¬ ª√“°Ø°“√≥åπ’È· ¥ß„Àâ
‡ÀÁπ«à“°“√‡∫π‡¢â“À“¢—È«‰øøÑ“¢Õß·ºàπ PVA/chitosan
hydrogels ‡°‘¥®“°°“√°√–µÿâπ¢Õß°√–· ‰øøÑ“π—Ëπ‡Õß

„π°“√∑¥≈Õßπ’ÈªØ‘°‘√‘¬“‡§¡’‰øøÑ“∑’Ë‡°‘¥¢÷ÈπÀ≈—ß®“°„Àâ
°√–· ‰øøÑ“ºà“π≈ß‰ª„π “√≈–≈“¬ NaCl ‡¢’¬π‰¥â¥—ßπ’È (Dillard
and Goldberg, 1978)

Positive electrode: 2Cl-        2Cl
2
  +  2e-

Negative electrode: 2H
2
O  +  2e-        2OH-  +  H

2

‡¡◊ËÕ¡’°“√ºà“π°√–· ‰øøÑ“‡¢â“‰ª„π “√≈–≈“¬‰ÕÕÕπ
∑’Ë‡§≈◊ËÕπ∑’Ë‰¥â (mobile ions) ‰¥â·°à Na+ ®–‡§≈◊ËÕπ∑’Ë‰ª¬—ß¢—È«
‰øøÑ“≈∫ ·≈– Cl- ·≈– OH- ®–‡§≈◊ËÕπ∑’Ë‰ª¬—ß¢—È«‰øøÑ“∫«°
·µà‡π◊ËÕß®“° —¡ª√– ‘∑∏‘Ï°“√·æ√à (diffusion coefficient) ¢Õß
Cl- ·≈– OH- „π “√≈–≈“¬πÈ” (aqueous solution) ¡’§à“
¡“°°«à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à¢Õß Na+ (Koryta, 1970) ‰ÕÕÕπ
Cl- ·≈– OH- ®÷ß‡§≈◊ËÕπ∑’Ë‰ª Ÿà¢—È«∫«°‰¥â‡√Á«°«à“ ·≈–
„π√–À«à“ß∑’Ë‰ÕÕÕπ‡§≈◊ËÕπ∑’Ëºà“π‡¢â“‰ª„πæÕ≈‘‡¡Õ√å‰Œ‚¥√‡®≈
‰§‚µ´“π´÷Ëß¡’À¡Ÿàøíß°å™—π R-NH3+ (ª√–®ÿ∫«°) ®–‡°‘¥
·√ß¥÷ß¥Ÿ¥°—∫‰ÕÕÕπ≈∫ (Cl- ·≈– OH-)  ∑”„Àâ‰ÕÕÕπ≈∫
‡À≈à“π—Èπ‡°‘¥°“√ – ¡Õ¬Ÿà∫√‘‡«≥ºπ—ß¢ÕßæÕ≈‘‡¡Õ√å‰Œ‚¥√‡®≈
∑’ËÕ¬Ÿà„°≈â°—∫¢—È«‰øøÑ“∫«° „π¢≥–∑’Ë‰ÕÕÕπ∫«° (Na+) °Á®–‡°‘¥
°“√ – ¡Õ¬Ÿà∫√‘‡«≥ºπ—ß¢ÕßæÕ≈‘‡¡Õ√å‰Œ‚¥√‡®≈∑’ËÕ¬Ÿà„°≈â°—∫
¢—È«‰øøÑ“≈∫ ·µà‡π◊ËÕß®“°§«“¡‡¢â¡¢âπ¢Õß‰ÕÕÕπ≈∫¡’§à“¡“°
°«à“‰ÕÕÕπ∫«° ·√ß¥—πÕÕ ‚¡µ‘°∫√‘‡«≥¢—È«‰øøÑ“∫«° (π

1
)

®÷ß¡’¡“°°«à“·√ß¥—πÕÕ ‚¡µ‘°∫√‘‡«≥¢—È«‰øøÑ“≈∫ (π2)
[Yuk and Lee, 1993] (· ¥ß‰¥â„π·ºπ¿“æ¥—ß√Ÿª∑’Ë 5)

√Ÿª∑’Ë 4 ·ºàπ PVA/chitosan hydrogel „π “√≈–≈“¬ NaCl (°)

°àÕπ„Àâ°√–· ‰øøÑ“ ·≈– (¢) ¢≥–„Àâ°√–· ‰øøÑ“®“°

·À≈àß®à“¬∑’Ë¡’§«“¡µà“ß»—°¬å 15 ‚«≈µå

➤
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√Ÿª∑’Ë 5 ·ºπ¿“æ· ¥ß§«“¡‡¢â¡¢âπ¢Õß‰ÕÕÕπ„πæÕ≈‘‡¡Õ√å

‰Œ‚¥√‡®≈¢≥–„Àâ°√–· ‰øøÑ“
√Ÿª∑’Ë 6 ·ºπ¿“æ°“√‡∫π¢Õß·ºàπ PVA/chitosan

hydrogels (°) °àÕπ„Àâ°√–· ‰øøÑ“ (¢) ¢≥–„Àâ

°√–· ‰øøÑ“

√Ÿª∑’Ë 7 °“√‡∫π¢Õß·ºàπ PVA/chitosan hydrogel (50/50)

„π “√≈–≈“¬ NaCl §«“¡‡¢â¡¢âπ 0.2 0.4 0.6 0.8

·≈– 1.0 %wt ¢≥–„Àâ°√–· ‰øøÑ“®“°·À≈àß®à“¬

∑’Ë¡’§«“¡µà“ß»—°¬å 15 ‚«≈µå

√Ÿª∑’Ë 8 °“√‡∫π¢Õß·ºàπ PVA/chitosan hydrogels ∑’Ë

Õ—µ√“ à«πµà“ßÊ (100/0, 75/25, 50/50, 25/75 ·≈–

0/100) „π “√≈–≈“¬ NaCl §«“¡‡¢â¡¢âπ 1.0 %wt

¢≥–„Àâ°√–· ‰øøÑ“®“°·À≈àß®à“¬∑’Ë¡’§«“¡µà“ß»—°¬å

15 ‚«≈µå
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¥—ßπ—Èπ§«“¡·µ°µà“ß¢Õß·√ß¥—πÕÕ ‚¡µ‘°∫√‘‡«≥¢—È«‰øøÑ“∑—Èß Õß
®÷ß‡ªìπº≈„Àâºπ—ß∑—Èß Õß¥â“π¢ÕßæÕ≈‘‡¡Õ√å‰Œ‚¥√‡®≈¡’°“√
∫«¡µ—«‰¡à‡∑à“°—π®÷ß∑”„ÀâæÕ≈‘‡¡Õ√å‰Œ‚¥√‡®≈‡∫π‡¢â“À“¢—È«≈∫
§”Õ∏‘∫“¬∑”πÕß‡¥’¬«°—ππ’È‰¥â∂Ÿ°‡ πÕ‚¥¬°≈ÿà¡π—°«‘®—¬À≈“¬°≈ÿà¡
(Shiga et al., 1990; Doi et al., 1992; Tamagawa and
Taya, 2000; Wallmersperger  et al., 2004) √Ÿª∑’Ë 6 · ¥ß
·ºπ¿“æ°“√‡∫π¢Õß·ºàπ PVA/chitosan hydrogels ¢≥–
„Àâ°√–· ‰øøÑ“

®“°°“√»÷°…“º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ NaCl
(0.2 0.4 0.6 0.8 ·≈– 1.0 %wt) µàÕ§«“¡‡√Á«„π°“√‡∫π (bend-
ing speed) ·≈–Õß»“¢Õß°“√‡∫π (bending angle) ¢Õß PVA/
chitosan hydrogel Õ—µ√“ à«π 50/50 À≈—ß®“°„Àâ°√–· 
‰øøÑ“§«“¡µà“ß»—°¬å 15 ‚«≈µå (√Ÿª∑’Ë 7) æ∫«à“§«“¡‡¢â¡¢âπ
¢Õß “√≈–≈“¬ NaCl ‰¡à¡’º≈µàÕ§«“¡‡√Á«„π°“√‡∫π¢Õß PVA/
chitosan hydrogel „π™à«ß‡√‘Ë¡µâπ¢Õß°“√„Àâ°√–· ‰øøÑ“
( —ß‡°µ®“°§«“¡™—π¢Õß°√“ø∑’Ë‡«≈“ 0-4 π“∑’¡’§à“„°≈â‡§’¬ß°—π)
·µàÀ≈—ß®“°„Àâ°√–· ‰øøÑ“‡ªìπ‡«≈“ 5 π“∑’æ∫«à“Õß»“¢Õß
°“√‡∫π¢Õß PVA/chitosan hydrogel ¢÷Èπ°—∫§«“¡‡¢â¡¢âπ
¢Õß “√≈–≈“¬ NaCl ‚¥¬∑’ËÕß»“¢Õß°“√‡∫π¡’§à“¡“°¢÷Èπ‡¡◊ËÕ
§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ NaCl ¡’§à“‡æ‘Ë¡¢÷Èπ ´÷Ëß Õ¥§≈âÕß
°—∫º≈°“√«‘®—¬∑’Ë√“¬ß“π‚¥¬ Kim ·≈–§≥–„πªï 2002 (Kim
et al., 2002)

√Ÿª∑’Ë 8 · ¥ßº≈¢ÕßÕ—µ√“ à«π¢Õß PVA/chitosan
hydrogels (100/0, 75/25, 50/50, 25/75 ·≈– 0/100) µàÕ
§«“¡‡√Á«„π°“√‡∫π·≈–Õß»“¢Õß°“√‡∫π¢Õß PVA/chitosan
hydrogels „π “√≈–≈“¬ NaCl §«“¡‡¢â¡¢âπ 1.0 %wt ¢≥–
„Àâ°√–· ‰øøÑ“®“°·À≈àß®à“¬∑’Ë¡’§«“¡µà“ß»—°¬å 15 ‚«≈µå  √Ÿª
∑’Ë 8 · ¥ß„Àâ‡ÀÁπ«à“ PVA/chitosan hydrogels 0/100 ¡’
°“√µÕ∫ πÕßµàÕ°“√°√–µÿâπ¢Õß°√–· ‰øøÑ“‰¥â¥’∑’Ë ÿ¥ °≈à“«
§◊Õ¡’§«“¡‡√Á«„π°“√‡∫π·≈–Õß»“¢Õß°“√‡∫π Ÿß∑’Ë ÿ¥ ·µà
‡¡◊ËÕ¡’°“√‡µ‘¡ PVA ≈ß‰ª§«“¡‡√Á«„π°“√‡∫π·≈–Õß»“¢Õß
°“√‡∫π¢Õß PVA/chitosan hydrogels ¡’§à“≈¥≈ß ∑—Èßπ’È
‡π◊ËÕß¡“®“°‚§√ß √â“ß∑’Ë‡ªìπ√à“ß·À¢Õß PVA ´÷Ëß‡°‘¥®“°°“√
‡™◊ËÕ¡‚¬ß¢Õß acryloyl chloride ¡’º≈„Àâ§«“¡ “¡“√∂„π°“√
„Àâ´÷¡ºà“π (permeability coefficient) ·≈– partition coeffi-
cient (Õ—µ√“ à«π¢Õß§«“¡‡¢â¡¢âπ¢Õß‰ÕÕÕπ„πæÕ≈‘‡¡Õ√å‡®≈
µàÕ§«“¡‡¢â¡¢âπ¢Õß‰ÕÕÕπ„π “√≈–≈“¬∑—ÈßÀ¡¥) ¢ÕßæÕ≈‘
‡¡Õ√å‰Œ‚¥√‡®≈¡’§à“≈¥≈ß (Matsuyama et al., 1997)  ¥—ßπ—Èπ
‰ÕÕÕπ∑’Ë‡§≈◊ËÕπ∑’Ë‰¥â (mobile ions) „π “√≈–≈“¬‰¥â·°à Na+

Cl- ·≈– OH- ®÷ß‡§≈◊ËÕπ∑’Ë‡¢â“‰ª„πæÕ≈‘‡¡Õ√å‰Œ‚¥√‡®≈‰¥â
πâÕ¬≈ß ‡ªìπº≈„Àâ°“√µÕ∫ πÕßµàÕ°“√°√–µÿâπ¢Õß°√–· ‰øøÑ“
¢ÕßæÕ≈‘‡¡Õ√å‰Œ‚¥√‡®≈¡’§à“≈¥≈ß¥â«¬

 √ÿª
®“°°“√»÷°…“§√—Èßπ’Èæ∫«à“ PVA/chitosan hydrogels

∑’ËÕ—µ√“ à«πµà“ßÊ ∑’Ë‡µ√’¬¡‰¥â¥â«¬‡∑§π‘§‡´¡‘Õ‘π‡∑Õ√å‡æπ‘‡∑
√∑‘ßæÕ≈‘‡¡Õ√å‡πÁµ‡«Õ√å§ ¡’§«“¡ “¡“√∂„π°“√µÕ∫ πÕßµàÕ
°“√°√–µÿâπ¥â«¬°√–· ‰øøÑ“ ‚¥¬‡¡◊ËÕπ”·ºàπ PVA/chitosan
hydrogels ·™à„π “√≈–≈“¬ NaCl ·≈â«ºà“π°√–· ‰øøÑ“
®“°·À≈àß®à“¬∑’Ë¡’§«“¡µà“ß»—°¬å 15 ‚«≈µå≈ß‰ª„π “√≈–≈“¬
æ∫«à“·ºàπ PVA/chitosan hydrogels ‡°‘¥°“√‡∫π‰ª¬—ß
¢—È«≈∫·≈– ‡∫π°≈—∫„π∑‘»∑“ßµ√ß¢â“¡‡¡◊ËÕÀ¬ÿ¥„Àâ°√–· ‰øøÑ“
πÕ°®“°π’È¬—ßæ∫«à“Õß»“¢Õß°“√‡∫π¡’§à“¡“°¢÷Èπ‡¡◊ËÕ§«“¡‡¢â¡
¢âπ¢Õß “√≈–≈“¬ NaCl ¡’§à“‡æ‘Ë¡¢÷Èπ ·≈–‡¡◊ËÕ —¥ à«π¢Õß PVA
‡æ‘Ë¡¢÷ÈπÕß»“¢Õß°“√‡∫π·≈–§«“¡‡√Á«„π°“√‡∫π¡’§à“≈¥≈ß
¥—ßπ—ÈπPVA/chitosan hydrogels ∑’Ë‡µ√’¬¡‰¥â„πß“π«‘®—¬π’È®÷ß¡’
»—°¬¿“æ„π°“√π”‰ª„™âª√–‚¬™πå„π¥â“π°“√·æ∑¬å·≈–
‡∑§‚π‚≈¬’™’«¿“æ ‡™àπ °“√π”‰ªª√–¬ÿ°µå„™â‡ªìπ°≈â“¡‡π◊ÈÕ‡∑’¬¡
Õ«—¬«–‡∑’¬¡ ·≈–µ—«§«∫§ÿ¡°“√ª≈¥ª≈àÕ¬¬“‚¥¬°“√°√–µÿâπ
¥â«¬°√–· ‰øøÑ“ ‡ªìπµâπ

°‘µµ‘°√√¡ª√–°“»
§≥–ºŸâ¥”‡π‘πß“π«‘®—¬¢Õ¢Õ∫§ÿ≥ ¥√. »‘√‘‡¥™ ∫ÿ≠· ß

Õ“®“√¬åª√–®”¿“§«‘™“Õ‘‡≈Á§∑√Õπ‘° å §≥–«‘»«°√√¡»“ µ√å
 ∂“∫—π‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“‡®â“§ÿ≥∑À“√≈“¥°√–∫—ß ∑’Ë„Àâ
§”ª√÷°…“‡°’Ë¬«°—∫°“√∑¥ Õ∫°“√µÕ∫ πÕßµàÕ°“√°√–µÿâπ
¥â«¬°√–· ‰øøÑ“ ·≈–¢Õ¢Õ∫§ÿ≥¿“§«‘™“‡§¡’ §≥–
«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬∫Ÿ√æ“∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå
 π—∫ πÿπß∫ª√–¡“≥ «— ¥ÿÕÿª°√≥å ·≈– ∂“π∑’Ë∑”°“√«‘®—¬π’È
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