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Abstract
Klinpituksa, P.1 and Intajun, C.1

Preparation and characterisation of acrylamide/maleic acid hydrogel
Songklanakarin J. Sci. Technol., 2005, 27(5) : 1103-1112

Acrylamide/maleic acid hydrogel, a superabsorbent polymer, was prepared by free radical polymer-

ization in aqueous solution of acrylamide (AAm) and maleic acid (MA) : monomer and comonomer, res-

pectively. Potassium persulfate and N,N,N’,N’-tetramethylethylenediamine were used as an initiator system.

Also, ethylene glycol dimethacrylate (EGDMA) and N,N’-methylenebisacrylamide (MBA) were used as

crosslinkers.  Different  compositions  of  acrylamide,  maleic  acid  and  crosslinkers  were  employed.  Water

swelling, equilibrium water content and swelling power of the hydrogel formed were determined. The result

showed that the swelling in water at equilibrium of hydrogels was in the range of 8,420-10,300% and 3,160-

3,560%, equilibrium water content was in the range of 0.9880-0.9902 and 0.9630-0.9727 and swelling power

was  in  the  range  of   84-103  and  31-36  using  1%EGDMA  and  1%MBA  as  crosslinkers,  respectively.  The

diffusion of water into hydrogel followed non-Fickian character based on swelling power.

Key words : hydrogel, water swelling, equilibrium water content,  swelling power,
non-Fickian
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‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘° (AAm/MA) ´÷Ëß¡’°“√æÕßµ—«„ππÈ”‰¥â Ÿß ‡µ√’¬¡‰¥â‚¥¬ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ-

‰√‡´™—π·∫∫Õπÿ¡Ÿ≈Õ‘ √–„ππÈ”¢ÕßÕ–§√‘≈“‰¡¥å°—∫°√¥¡“‡≈Õ‘°´÷Ëß‡ªìπ¡ÕπÕ‡¡Õ√å·≈–‚§¡ÕπÕ‡¡Õ√å  ‚¥¬„™â√–∫∫

µ—«√‘‡√‘Ë¡‚ª·µ ‡´’¬¡‡ªÕ√å´—≈‡øµ (KPS) ·≈–‡µµ√–‡¡∑‘≈‡Õ∑‘≈’π‰¥‡Õ¡’π (TEMED)  ·≈–„™â ethylene glycol

dimethacrylate (EGDMA) ·≈– N,N'-methylenebisacrylamide (MBA) ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–  »÷°…“ à«πª√–°Õ∫

µà“ßÊ ¢ÕßÕ–§√‘≈“‰¡¥å °√¥¡“‡≈Õ‘°·≈–ª√‘¡“≥µ—«‡™◊ËÕ¡‚¬ßæ—π∏– À“°“√æÕßµ—«„ππÈ”ª√‘¡“≥πÈ” ¡¥ÿ≈·≈–°”≈—ß

°“√æÕßµ—«¢Õß‰Œ‚¥√‡®≈∑’Ë‰¥â   ®“°°“√»÷°…“æ∫«à“‰Œ‚¥√‡®≈æÕßµ—«„ππÈ”Õ¬Ÿà„π™à«ß 8,420-10,300% ·≈– 31,60-

3560%, §à“ª√‘¡“≥πÈ” ¡¥ÿ≈„ππÈ”¢Õß‰Œ‚¥√‡®≈Õ¬Ÿà„π™à«ß 0.9880-0.9902 ·≈– 0.9630-0.9727 ·≈–§à“°”≈—ß°“√æÕß

µ—«¢Õß‰Œ‚¥√‡®≈Õ¬Ÿà„π™à«ß 84-103 ·≈– 31-36 ‡¡◊ËÕ„™â 1%EGDMA ·≈– 1%MBA ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–µ“¡≈”¥—∫

µ“¡§à“°”≈—ß°“√æÕßµ—«∑’Ë‰¥â· ¥ß„Àâ‡ÀÁπ«à“°“√·æ√à¢ÕßπÈ”‡¢â“‰ª„π‰Œ‚¥√‡®≈‡ªìπ≈—°…≥– non-Fickian

‰Œ‚¥√‡®≈æÕ≈‘‡¡Õ√å¥Ÿ¥πÈ” (superabsorbent

polymer hydrogels) ‡ªìπæÕ≈‘‡¡Õ√å‚§√ß √â“ßµ“¢à“¬∑’Ë
™Õ∫πÈ” (crosslinked hydrophilic polymer) ´÷Ëß “¡“√∂
¥Ÿ¥πÈ”‰¥â Ÿß∂÷ß 1,000 ‡∑à“¢ÕßπÈ”Àπ—°æÕ≈‘‡¡Õ√å·Àâß
(Omidian et al., 1998) æÕ≈‘‡¡Õ√å‚§√ß √â“ßµ“¢à“¬‡°‘¥¢÷Èπ
®“°ªØ‘°‘√‘¬“¢Õß¡ÕπÕ‡¡Õ√å 1 ™π‘¥ À√◊Õ¡“°°«à“ 1 ™π‘¥
À√◊Õ‡°‘¥®“°°“√√«¡µ—«¢Õßæ—π∏– ‡™àπ æ—π∏–‰Œ‚¥√‡®π
·≈–Õ—πµ√°‘√‘¬“·«π‡¥Õ√å«“≈√–À«à“ß “¬‚´àæÕ≈‘‡¡Õ√å
(Brannon-Peppas, 1990) ‰Œ‚¥√‡®≈®—¥‡ªìπ«— ¥ÿæÕ≈‘‡¡Õ√å
™π‘¥Àπ÷Ëß∑’Ë¡’§«“¡ ”§—≠  “¡“√∂π”‰ªª√–¬ÿ°µå„™â„πß“π
µà“ßÊ ‡™àπ ‡ªìπµ—«µ√«®®—∫ —≠≠“≥ (sensor) ‡¬◊ËÕ‡≈◊Õ°
ºà“π (separation membrane)  “√¥Ÿ¥´—∫ (adsorbent)

«— ¥ÿ∑“ß°“√·æ∑¬å ∑“ß‡¿ —™°√√¡·≈–„™â„π°“√·°âªí≠À“
∑“ß√–∫∫π‘‡«»«‘∑¬“·≈–ªí≠À“∑“ß™’««‘∑¬“  µ≈Õ¥®π
∑“ß¥â“π‡∑§‚π‚≈¬’ ¡—¬„À¡à (Brannon-Peppas, 1990,

Karadag and Saraydin, 2002)

æÕ≈‘‡¡Õ√å¥Ÿ¥πÈ” Ÿß “¡“√∂‡µ√’¬¡‰¥â®“°Õ–§√‘≈“-
‰¡¥å·≈–°√¥Õ–§√‘≈‘° (À√◊Õ‡°≈◊ÕÕ–§√‘‡≈∑) ‚¥¬ªØ‘°‘√‘¬“
æÕ≈‘‡¡Õ‰√‡´™—π·∫∫ “√≈–≈“¬‚¥¬„™â√–∫∫µ—«√‘‡√‘Ë¡
ªØ‘°‘√‘¬“√’¥Õ°´å  (Liu  and  Rempell,  1997;  Karadag

and Saraydin, 2002) À√◊Õ‚¥¬ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π
·∫∫·¢«π≈Õ¬º—π°≈—∫ (inverse suspension polymer-

ization) (Omidian et al., 1998, Krull et al., 2002)

À√◊Õ‡µ√’¬¡®“°‡°≈◊ÕÕ–§√‘‡≈∑Õ¬à“ß‡¥’¬«‚¥¬ªØ‘°‘√‘¬“
æÕ≈‘‡¡Õ‰√‡´™—π·∫∫·¢«π≈Õ¬º—π°≈—∫ (Askari et al.,

1993, Omidian et al., 1994) „™â‚ªµ— ‡´’¬¡‡ªÕ√å´—≈‡øµ
(À√◊Õ ·Õ¡‚¡‡π’¬¡‡ªÕ√å —́≈‡øµ) ‡ªìπµ—«√‘‡√‘Ë¡ªØ‘°‘√‘¬“
πÕ°®“°π’ÈµâÕß„™âµ—«‡™◊ËÕ¡‚¬ßæ—π∏– (crosslinker) ™π‘¥
µà“ßÊ ‰¥â·°à N,N’-methylenebisacrylamide, ethylene

glycol dimethacrylate, 1,4-butanediol dimethacrylate

·≈– trimethylolpropane triacrylate ‡ªìπµâπ  Raju

Padmana ·≈– Raju Mohana (2001) ‰¥â»÷°…“°“√‡µ√’¬¡
‚§æÕ≈‘‡¡Õ√å‚§√ß √â“ßµ“¢à“¬ Ÿµ√µà“ßÊ ®“°Õ–§√‘≈“‰¡¥å
°√¥Õ–§√‘≈‘° Õ–§√‘‚≈‰π‰µ√≈å °√¥‡¡∑“§√‘≈‘° ‚´‡¥’¬¡
Õ–§√‘‡≈∑ ·≈– 2-‰Œ¥√Õ°´’‡Õ∑‘≈‡¡∑“§√‘‡≈∑ „™â N,N’-

methylenebisacrylamide ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏– æ∫«à“
‚§æÕ≈‘‡¡Õ√å∑’Ë‡µ√’¬¡®“°Õ–§√‘≈“‰¡¥å ‚´‡¥’¬¡Õ–§√‘‡≈∑
·≈– 2-‰Œ¥√Õ° ’́‡Õ∑‘≈‡¡∑“§√‘‡≈∑¡’°“√æÕßµ—«„ππÈ”‰¥â
 Ÿß ÿ¥ 400 °√—¡/°√—¡¢ÕßæÕ≈‘‡¡Õ√å  à«π‰Œ‚¥√‡®≈Õ◊Ëπ∑’Ë¡’
≈—°…≥–„°≈â‡§’¬ß°—π ‡™àπ ‡µ√’¬¡®“°Õ–§√‘≈“‰¡¥å ‚´‡¥’¬¡
‡¡∑“Õ—≈≈‘≈ —́≈‚ø‡π∑·≈–‚´‡¥’¬¡Õ–§√‘‡≈∑‚¥¬„™â N,N’-

methylenebisacrylamide ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–  ‰¥â
æÕ≈‘‡¡Õ√å∑’Ë¡’§«“¡ “¡“√∂¥Ÿ¥πÈ”‰¥â 125 ‡∑à“¢ÕßπÈ”Àπ—°
æÕ≈‘‡¡Õ√å·Àâß (Zhou et al., 1998)

‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°Õ“®‡µ√’¬¡®“°
Õ–§√‘≈“‰¡¥å °√¥¡“‡≈Õ‘°·≈–πÈ”‚¥¬°“√©“¬¥â«¬√—ß ’·°¡¡“
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(γ-radiation) ‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°∑’Ë‰¥â
æÕßµ—«„ππÈ”Õ¬Ÿà„π™à«ß 1,000-2,800%  æƒµ‘°√√¡°“√
·æ√à¢ÕßπÈ”„π‰Œ‚¥√‡®≈¥—ß°≈à“«‡ªìπ·∫∫ non-Fickian

(Saraydin et  al., 1995) πÕ°®“°π’È‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/
°√¥¡“‡≈Õ‘°  “¡“√∂‡µ√’¬¡‰¥â®“°Õ–§√‘≈“‰¡¥å·≈–°√¥
¡“‡≈Õ‘°‚¥¬„™âªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π„π “√≈–≈“¬·≈–
„™âµ—«‡™◊ËÕ¡‚¬ßæ—π∏– §◊Õ trimethylolpropane triacrylate

·≈– 1,4-butanediol dimethacrylate ‰Œ‚¥√‡®≈∑’Ë‰¥â¡’
°“√æÕßµ—«„ππÈ”Õ¬Ÿà„π™à«ß 1,660-6,050% §à“ª√‘¡“≥πÈ”
 ¡¥ÿ≈ (equilibrium water content) Õ¬Ÿà„π™à«ß 0.8873-

0.9837 ·≈–°“√·æ√à¢ÕßπÈ”‡¢â“‰ª„π‰Œ‚¥√‡®≈‡ªìπ≈—°…≥–
non-Fickian type   „π¢≥–‡¥’¬«°—π°Á‰¥âπ”‰Œ‚¥√‡®≈
™π‘¥π’È‰ª»÷°…“°“√¥Ÿ¥´—∫ ’∑’Ë¡’ª√–®ÿ∫«° §◊Õ Basic Blue

17 (Toluidin Blue) Õ’°¥â«¬ (Karadag et al., 2002)

πÕ°®“°π’È‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°À≈“¬™π‘¥
∑’Ë ‡µ√’¬¡¢÷Èπ‡æ◊ËÕª√–‚¬™πå„π°“√‡ªìπ “√§«∫§ÿ¡°“√
ª≈¥ª≈àÕ¬ “√ª√–°Õ∫∑’Ë«àÕß‰«∑“ß™’«¿“æ¡—°®–∑”„Àâ‡°‘¥
‚§√ß √â“ßµ“¢à“¬‚¥¬„™â√—ß ’·°¡¡“ (Tumturk et al., 1999;

Arslan et al., 2000; Sen et al., 2000; Saraydin et al.,

2001)

‡π◊ËÕß®“°¬—ß‰¡à¡’√“¬ß“π°“√«‘®—¬°“√‡µ√’¬¡‰Œ‚¥√
‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°‚¥¬„™â ethylene glycol

dimethacrylate (EGDMA) ·≈– N,N’-methylenebis-

acrylamide (MBA) ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–¡“°àÕπ ¡’·µà
„™â trimethylolpropane triacrylate (TMPTA) ·≈– 1,4-

butanediol dimethacrylate (BDMA) ‡ªìπµ—«‡™◊ËÕ¡‚¬ß
æ—π∏– °“√∑’Ë‡≈◊Õ°„™â EGDMA ·≈– MBA „πß“π«‘®—¬π’È
‡æ√“–«à“¡’°“√„™â “√∑—Èß Õß„π°“√‡µ√’¬¡æÕ≈‘‡¡Õ√å¥Ÿ¥πÈ”
 Ÿß (superabsorbent polymer) „π‚§æÕ≈‘‡¡Õ√å√–À«à“ß
Õ–§√‘≈“‰¡¥å°—∫‚´‡¥’¬¡Õ–§√‘‡≈∑ ®÷ß§“¥«à“∂â“π”¡“„™â°—∫
™π‘¥¢Õß‰Œ‚¥√‡®≈„πß“π«‘®—¬°Áπà“®–‰¥âæÕ≈‘‡¡Õ√å∑’Ë¡’°“√
æÕßµ—«‰¥â Ÿß‡™àπ‡¥’¬«°—π «—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬π’È‡æ◊ËÕ
‡µ√’¬¡·≈–»÷°…“ ¡∫—µ‘°“√æÕßµ—«·≈–≈—°…≥–°“√¥Ÿ¥ —́∫
¢Õß‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°‚¥¬„™â‚ª·µ ‡´’¬¡
‡ªÕ√å´—≈‡øµ ·≈– N,N,N’,N’-tetramethylethylene-

diamine ‡ªìπ√–∫∫µ—«‡√àßªØ‘°‘√‘¬“  „™â ethylene glycol

dimethacrylate (EGDMA) ·≈– N,N’-methylene-

bisacrylamide (MBA) ‡æ◊ËÕ„Àâ‰¥â«— ¥ÿæÕ≈‘‡¡Õ√å∑’Ë‡ªìπ

·π«∑“ßπ”‰ªª√–¬ÿ°µå„™â„π°“√¥Ÿ¥´—∫ “√∫“ß™π‘¥·≈–∑”
Õÿª°√≥å∑“ß°“√·æ∑¬åµàÕ‰ª

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

1. «— ¥ÿ·≈–Õÿª°√≥å

Potassium persulfate (KPS) ‡ªìπµ—«√‘‡√‘Ë¡ªØ‘°‘√‘¬“
(initiator) º≈‘µ‚¥¬∫√‘…—∑ Fluka Chimie, acrylamide

(AAm) ‡ªìπ¡ÕπÕ‡¡Õ√å º≈‘µ‚¥¬∫√‘…—∑ Fluka Chimie,

maleic Acid (MA) ‡ªìπ‚§¡ÕπÕ‡¡Õ√åº≈‘µ‚¥¬∫√‘…—∑
Fluka Chimie, N,N,N’,N’-tetramethylethylene-

diamine (TEMED) ‡ªìπµ—«‡√àß√à«¡ (activator)  º≈‘µ
‚¥¬∫√‘…—∑ Aldrich,  N,N’-methylenebisacrylamide

(MBA) ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏– (crosslinker)  º≈‘µ‚¥¬
∫√‘…—∑ Aldrich, ethylene glycol dimethacrylate

(EGDMA) ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏– (crosslinker) º≈‘µ
‚¥¬∫√‘…—∑ Fluka

2. °“√‡µ√’¬¡‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°

(Preparation of AAm/MA hydrogel)

‡µ√’¬¡‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘° (AAm/

MA) ‚¥¬≈–≈“¬Õ–§√‘≈“‰¡¥å (AAm) 1 °√—¡ „ππÈ”∑’Ëºà“π
°“√°≈—Ëπ 2 §√—Èßª√‘¡“µ√ 1 ¡≈. „π∫’°‡°Õ√å ·≈â«‡µ‘¡°√¥
¡“‡≈Õ‘° (MA) 20, 40, 60, 80, 100 À√◊Õ 500 ¡≈. ≈ß„π
 “√≈–≈“¬Õ–§√‘≈“‰¡¥å „π°“√»÷°…“º≈¢Õß§«“¡‡¢â¡¢âπ
¢Õßµ—«‡™◊ËÕ¡‚¬ßæ—π∏–‚¥¬°“√‡µ‘¡ “√≈–≈“¬ 1%ethylene

glycol dimethacrylate (EGDMA) À√◊Õ “√≈–≈“¬
1%N,N’-methylenebisacrylamide (MBA) ª√‘¡“µ√
0.25 ¡≈. „π “√≈–≈“¬Õ–§√‘≈“‰¡¥å·≈–°√¥¡“‡≈Õ‘° ‡µ‘¡
 “√≈–≈“¬ 2%potassium persulfate (KPS) ª√‘¡“µ√
0.2 ¡≈. ‡æ◊ËÕ‡ªìπµ—«√‘‡√‘Ë¡·≈–‡µ‘¡ “√≈–≈“¬ 1% N,N,N’,

N’-tetramethylethylenediamine (TEMED) ª√‘¡“µ√
0.25 ¡≈. ≈ß„π “√≈–≈“¬  ®“°π—Èπ®÷ß‡∑ “√≈–≈“¬∑’Ë‰¥â
≈ß„πÀ≈Õ¥·°â«∑’Ë¡’‡ âπºà“π»Ÿπ¬å°≈“ß 3 ¡¡. ´÷Ëß∑”Àπâ“∑’Ë
‡ªìπªØ‘°√≥åªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π (polymerization

reactor) ª≈àÕ¬„Àâ‡°‘¥ªØ‘°‘√‘¬“‚§æÕ≈‘‡¡Õ‰√‡´™—π∑’ËÕÿ≥À¿Ÿ¡‘
ÀâÕß‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß À≈—ß®“°π—Èππ”‰Œ‚¥√‡®≈∑’Ë‰¥âÕÕ°
®“°À≈Õ¥·≈â«µ—¥„Àâ¡’¢π“¥ 3-4 ¡¡. ·≈â«π”‰Œ‚¥√‡®≈‰ª
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Õ∫„Àâ·Àâß

3. °“√«—¥°“√æÕßµ—« (Swelling measurement)

3.1 °“√æÕßµ—«„ππÈ” (Water swelling)

À“°“√æÕßµ—«¢Õß‰Œ‚¥√‡®≈∑’Ë‡µ√’¬¡‰¥â‚¥¬
°“√π”‰Œ‚¥√‡®≈∑’Ë·Àâßª√–¡“≥ 0.1 °√—¡ ·™à„ππÈ”∑’Ëºà“π
°“√°≈—Ëπ 2 §√—Èß ª√‘¡“µ√ 50 ¡≈. «“ß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
(27±1ºC) °√Õß¥â«¬µ–·°√ß·≈–´—∫πÈ”∑’ËÕ¬Ÿà∫√‘‡«≥º‘«¥â“π
πÕ°ÕÕ° ®“°π—Èπ™—ËßπÈ”Àπ—°¢Õß‡®≈∑’ËæÕßµ—«∑’Ë‡«≈“„¥Ê

√âÕ¬≈–°“√æÕßµ—« (%S) À“‰¥â®“° Ÿµ√¥—ßπ’È
(Karadag and Saraydin, 2002)

%S =
M

t
− M

0

M
0

×100

‡¡◊ËÕ M
t

§◊Õ ¡«≈ (°√—¡) ¢Õß‡®≈∑’Ë‡«≈“„¥Ê
M

0
§◊Õ ¡«≈ (°√—¡) ¢Õß‡®≈·Àâß∑’Ë‡«≈“ 0

3.2 ª√‘¡“≥πÈ” ¡¥ÿ≈ (Equilibrium water content)

°“√æÕßµ—«¢Õß‰Œ‚¥√‡®≈Õ’°æ“√“¡‘‡µÕ√åÀπ÷Ëß §◊Õ ª√‘¡“≥
πÈ” ¡¥ÿ≈ (equilibrium water content, EWC) À“‰¥â
®“° Ÿµ√¥—ßπ’È  (Karadag and Saraydin, 2002)

EWC =
M

s
− M

0

M
s

‡¡◊ËÕ M
S

§◊Õ ¡«≈¢Õß‡®≈ (°√—¡) ∑’ËæÕßµ—«∑’Ë‡«≈“
„¥Ê (®ÿ¥ ¡¥ÿ≈)

M
0

§◊Õ ¡«≈¢Õß‡®≈ (°√—¡) ·Àâß∑’Ë‡«≈“ 0

3.3 °”≈—ß°“√æÕßµ—« (Swelling power)

°≈‰°°“√æÕßµ—«¢Õß‰Œ‚¥√‡®≈ “¡“√∂À“‰¥â
®“° ¡°“√¥—ßπ’È (Karadag and Saraydin, 2002)

F
swp

=
M

t
− M

n

M
n

= Ktn

‡¡◊ËÕ F
swp

§◊Õ §à“°”≈—ß°“√æÕßµ—« (Swelling

Power)

M
t

§◊Õ ¡«≈ (°√—¡) ¢Õß‡®≈∑’Ë‡«≈“„¥Ê
M

0
§◊Õ ¡«≈ (°√—¡) ¢Õß‡®≈·Àâß

t §◊Õ ‡«≈“
K §◊Õ §à“§ß∑’Ë¢Õß°“√æÕßµ—«
n §◊Õ ‡≈¢¬°°”≈—ß¢Õß°“√æÕßµ—«

‡¢’¬π°√“ø√–À«à“ß  Ln (F
swp

)  °—∫  Ln t  ·≈–
§”π«≥À“§à“ n ‰¥â®“°§«“¡™—π¢Õß°√“ø·µà≈–‡ âπ
 ”À√—∫√Ÿª√à“ß·∫∫∑√ß°√–∫Õ° n ¡’§à“‡∑à“°—∫ 0.45-0.5

„π°√≥’°“√·æ√à·∫∫ Fickian type ·≈–§à“ 0.5<n<1.0

„π°√≥’°“√·æ√à·∫∫ non- Fickian type

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

1. °“√‡µ√’¬¡‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°

‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“≈‘Õ‘°∑’Ë‡µ√’¬¡‰¥â®“°
ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π·∫∫Õπÿ¡Ÿ≈Õ‘ √– ‚¥¬„™âÕ–§√‘≈“-
‰¡¥å 1 °√—¡≈–≈“¬„ππÈ”°≈—Ëπ 1 ¡≈. °—∫°√¥¡“‡≈Õ‘° 20,

40, 60, 80, 100 À√◊Õ 500 ¡°. „™âµ—«‡™◊ËÕ¡‚¬ßæ—π∏–§◊Õ
 “√≈–≈“¬ 1%MBA À√◊Õ 1%EGDMA ª√‘¡“µ√ 0.25

¡≈.  “√≈–≈“¬ 2%KPS 0.2 ¡≈. ·≈– “√≈–≈“¬ 1%

TEMED 0.25 ¡≈. „π¢—ÈπµÕπ·√°¢ÕßªØ‘°‘√‘¬“‚§æÕ≈‘-
‡¡Õ‰√‡´™—ππ—Èπ KPS ‡¢â“∑”ªØ‘°‘√‘¬“°—∫ TEMED ∑”„Àâ
‚¡‡≈°ÿ≈¢Õß TEMED ¡’Õ‘‡≈Á°µ√Õπ¢“¥§Ÿà (unpaired

valence electron) ®÷ß “¡“√∂‡¢â“√«¡µ—«°—∫Õ–§√‘≈“‰¡¥å
·≈–°√¥¡“‡≈Õ‘° À√◊Õµ—«‡™◊ËÕ¡‚¬ßæ—π∏– „π°√–∫«π°“√π’È
Õ–§√‘≈“‰¡¥å À√◊Õ°√¥¡“‡≈Õ‘°‚¡‡≈°ÿ≈Õ◊ËπÊ  “¡“√∂‡¢â“¡“
‡°“–·≈–¡’§«“¡«àÕß‰«„π∑”πÕß‡¥’¬«°—π ∑”„Àâ‚§æÕ≈‘‡¡Õ√å
Õ–§√‘≈“‰¡¥å·≈–°√¥¡“‡≈Õ‘°¬“«‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬Ê ‚¡‡≈°ÿ≈¢Õß
µ—«‡™◊ËÕ¡‚¬ßæ—π∏–°Á “¡“√∂‡¢â“‰ª„π “¬‚´à¢ÕßæÕ≈‘‡¡Õ√å
·≈â«‡°‘¥‚§√ß √â“ßµ“¢à“¬ (Tanaka, 1981) ‰Œ‚¥√‡®≈∑’Ë‰¥â
¡’≈—°…≥–√Ÿª∑√ß°√–∫Õ° °àÕπ·™àπÈ”¡’≈—°…≥–·¢Áß¡“°
·µà‡¡◊ËÕ·™àπÈ”®–æÕßµ—«¢÷Èπ  ¡’≈—°…≥–ÕàÕππÿà¡·≈–¡’§«“¡
¬◊¥À¬ÿàπ¥’ (Figure 1)

2. °“√«—¥°“√æÕßµ—«

2.1 º≈¢Õßª√‘¡“≥°√¥¡“‡≈Õ‘°µàÕ°“√æÕßµ—«

¢Õß‰Œ‚¥√‡®≈

®“°°“√π”‰Œ‚¥√‡®≈∑’Ë‡µ√’¬¡‰¥â®“°Õ–§√‘≈“-
‰¡¥å·≈–°√¥¡“‡≈Õ‘°∑’Ëª√‘¡“≥µà“ßÊ ¡“»÷°…“°“√æÕßµ—«
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„ππÈ” æ∫«à“‡¡◊ËÕ‡«≈“‡æ‘Ë¡¢÷Èπ°“√æÕßµ—«¢Õß‰Œ‚¥√‡®≈‡æ‘Ë¡
¢÷Èπ®π∂÷ß§ß∑’Ë„π∑’Ë ÿ¥ §«“¡ —¡æ—π∏å√–À«à“ß°“√æÕßµ—«¢Õß
‰Œ‚¥√‡®≈‡¡◊ËÕ·ª√ª√‘¡“≥µà“ßÊ ¢Õß°√¥¡“‡≈Õ‘°· ¥ß„π
Figure 2

®“° Figure 2 æ∫«à“°“√æÕßµ—«¢Õß‰Œ‚¥√‡®≈
‡√‘Ë¡ ¡¥ÿ≈∑’Ë‡«≈“ 36 ™—Ë«‚¡ß ¡’°“√æÕßµ—«‰¥â¥’∑’Ë ÿ¥ §◊Õ

1,340% ·≈– 4,545% ‡¡◊ËÕ„™â —¥ à«πÕ–§√‘≈“‰¡¥å/°√¥
¡“‡≈Õ‘°‡∑à“°—∫ 1 °√—¡/60 ¡°. ·≈–‡∑à“°—∫ 1 °√—¡/40 ¡°.
‡¡◊ËÕ„™â  1%MBA  ·≈–  1%EGDMA  ‡ªìπµ—«‡™◊ËÕ¡‚¬ß
æ—π∏–µ“¡≈”¥—∫  °“√∑’Ë„™â EGDMA ‡ªìπµ—«‡™◊ËÕ¡‚¬ß
æ—π∏–·≈â«∑”„Àâ‰Œ‚¥√‡®≈æÕßµ—«„ππÈ”‰¥â¥’°«à“ MBA

‡æ√“–«à“ EGDMA ¡’§«“¡¬“«¢Õß “¬‚´à¡“°°«à“ ∑”„Àâ

Figure 1. AAm/MA hydrogels prepared using  MBA and EGDMA as crosslinkers (A) fresh

hydrogels  (B) dried hydrogels.

(A) (B)

Figure 2. Variation of water swelling as function of  time of AAm/MA hydrogels at various

concentration of maleic acid (A) MBA as a crosslinker (B) EGDMA as a cross-

linker.
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‚§√ß √â“ßµ“¢à“¬¢Õß‰Œ‚¥√‡®≈¡’æ◊Èπ∑’Ë„π°“√·æ√à¢ÕßπÈ”
‡¢â“‰ª‰¥â¡“°°«à“   ”À√—∫‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥
¡“‡≈Õ‘°´÷Ëß‡µ√’¬¡‚¥¬„™â trimethylolpropane triacrylate

(TMPTA) ·≈– 1,4-butane dimethylacrylate (BDMA)

‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–„Àâº≈„π∑”πÕß‡¥’¬«°—∫°√≥’„™â
MBA §◊Õ ‰Œ‚¥√‡®≈æÕßµ—«„ππÈ”‰¥â¥’∑’Ë ÿ¥‡¡◊ËÕ„™â —¥ à«π
Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°‡∑à“°—∫ 1 °√—¡/60 ¡°. (Karadag

et al., 2002)

¥â«¬‡Àµÿπ’È®÷ßπ” —¥ à«ππ’È¡“‡µ√’¬¡‰Œ‚¥√‡®≈
‚¥¬°“√·ª√§à“§«“¡‡¢â¡¢âπ¢Õßµ—«‡™◊ËÕ¡¢â“¡æ—π∏–®“°
1.0% ‡ªìπ 0.1%, 0.5%, 1.5% ·≈– 2.0%

2.2 º≈¢Õßª√‘¡“≥µ—«‡™◊ËÕ¡‚¬ßæ—π∏–µàÕ°“√

æÕßµ—«¢Õß‰Œ‚¥√‡®≈

®“°°“√»÷°…“°“√æÕßµ—«¢Õß‰Œ‚¥√‡®≈∑’ËæÕß
µ—«‰¥â¥’∑’Ë ÿ¥„π¢âÕ 2.1 ¡“·ª√ª√‘¡“≥¢Õß MBA ·≈–
EGDMA æ∫«à“‡¡◊ËÕ‡«≈“‡æ‘Ë¡¢÷Èπ °“√æÕßµ—«°Á‡æ‘Ë¡¢÷Èπ®π
°√–∑—Ëß§ß∑’Ë„π∑’Ë ÿ¥ (Figure 3)

®“° Figure 3 æ∫«à“∑’Ë™à«ß‡«≈“‡°‘¥ª√‘¡“≥
πÈ” ¡¥ÿ≈ (™—Ë«‚¡ß∑’Ë 48-96) ‰Œ‚¥√‡®≈¡’°“√æÕßµ—«‰¥â¥’Õ¬Ÿà
„π™à«ß 3,160-3,560% ·≈– 8,420-10,300% ‡¡◊ËÕ„™â 1%

MBA ·≈– 1%EGDMA ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–µ“¡≈”¥—∫
°“√∑’Ë‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°∑’Ë‰¥â®“°°“√„™â

(A) (B)

Figure 3. Variation of water swelling (%S) as function of time of AAM/MA hydrogels at

various concentrations of maleic acid using (A) MBA as a crosslinker and (B)

EGDMA as a crosslinker.

Figure 4. Swelled AAm/MA hydrogels in water

(A) MBA as a crosslinker

(B) EGDMA as a crosslinker
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EGDMA ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–¡’°“√æÕßµ—«‰¥â¡“°°«à“
‰Œ‚¥√‡®≈∑’Ë„™â MBA ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏– (Figure 4)

‡ªìπ‡æ√–«à“ “¬‚´à¢Õß EGDMA ´÷Ëß‡™◊ËÕ¡‚¬ß√–À«à“ß 2

 “¬‚´àÕ¬ŸàÀà“ß°—π¡“°°«à“∑”„Àâ¡’™àÕß«à“ßÕÿâ¡πÈ”‰¥â¡“°°«à“
Õ¬à“ß‰√°Áµ“¡ ‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°‡¡◊ËÕ„™â
TMPTA ·≈– BDMA  ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–¡’°“√æÕß
µ—«„ππÈ”Õ¬Ÿà„π™à«ß 780-1,360% ·≈– 1,660-6,050 µ“¡
≈”¥—∫ (Karadag et al., 2002)

3. º≈¢Õßª√‘¡“≥πÈ” ¡¥ÿ≈

®“°°“√»÷°…“º≈¢Õß§«“¡‡¢â¡‡¢âπ¢Õßµ—«‡™◊ËÕ¡‚¬ß
æ—π∏–µàÕ°“√æÕßµ—«„ππÈ”¢Õß‰Œ‚¥√‡®≈  §à“ª√‘¡“≥πÈ”
 ¡¥ÿ≈ (EWC) „π™à«ß¢Õß‰Œ‚¥√‡®≈∑’Ë„™â 1%MBA ‡ªìπ
µ—«‡™◊ËÕ¡‚¬ßæ—π∏– ¡’°“√æÕßµ—«‰¥â¥’∑’Ë ÿ¥Õ¬Ÿà„π™à«ß 3,160-

3,560% æ∫«à“¡’§à“ EWC ¥’∑’Ë ÿ¥‡™àπ‡¥’¬«°—π§◊Õ ¡’§à“Õ¬Ÿà
„π™à«ß 0.9693-0.9727  à«π‰Œ‚¥√‡®≈∑’Ë¡’ 1%EGDMA

‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏– ¡’°“√æÕßµ—«¥’∑’Ë ÿ¥Õ¬Ÿà„π™à«ß 8,420-

10,300% °Á¡’§à“ EWC ¥’∑’Ë ÿ¥‡™àπ‡¥’¬«°—π§◊Õ ¡’§à“Õ¬Ÿà„π
™à«ß 0.9880-0.9902 (Table 1) §à“ EWC ∑’Ë‰¥â∑—Èß Õß
°√≥’ Õ¥§≈âÕß°—∫ß“π∑’ËÕ◊Ëπ  (Karadag  and  Saradin,

Table 1. Equilibrium water content (EWC) of AAm/MA

hydrogel in water.

       Crosslinker concentration (%)
Crosslinkers

0.1 0.5 1.0 1.5 2.0

MBA 0.9300 0.9289 0.9727 0.9114 0.8959
EGDMA 0.9875 0.9896 0.9902 0.9753 0.9614

Table 2. Swelling exponents (n) and swelling constants (K) of AAm/

MA hydrogel in water.

          Crosslinker concentration (%)
Crosslinkers

0.1 0.5 1.0 1.5 2.0

Swelling exponents (n)

MBA 0.3893 0.3025 0.5627 0.3293 0.3091
EGDMA 0.7396 0.7583 0.7411 0.5349 0.4709

Swelling constants (K)

MBA 1.126 1.428 1.437 1.110 1.012
EGDMA 1.242 1.460 1.634 1.530 1.448

2002) ∑’Ë„™â BDMA ·≈– TMPTA ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–
·≈–¡’§à“ª√‘¡“≥πÈ” ¡¥ÿ≈ 0.8873-0.9837 ‡√“ “¡“√∂
°≈à“«‰¥â«à“‰Œ‚¥√‡®≈ AAm/MA π’È “¡“√∂„™â‡ªìπ«— ¥ÿ
æÕ≈‘‡¡Õ√å∑“ß°“√·æ∑¬å ‡¿ —™°√√¡  —µ«»“ µ√å ∑’ËµâÕß
 —¡º— °—∫¢Õß‡À≈«∑’ËÕ¬Ÿà„π√à“ß°“¬¢Õß¡πÿ…¬å ·≈–ª√–¬ÿ°µå
„™â¥â“πÕ◊ËπÊ ‡™àπ „™â‡ªìπ “√¥Ÿ¥πÈ” ‡ªìπµâπ (Karadag and

Saraydin, 2002; Karadag et al., 2002)

4. º≈°“√À“§à“°”≈—ß°“√æÕßµ—« (Swelling power, F
swp

)

®“°°“√π”‰Œ‚¥√‡®≈·Àâß∑’Ë‰¥â´÷Ëß·¢Áß·≈–„ §≈â“¬
·°â«‰ª·™àπÈ” πÈ”®–·æ√à‡¢â“‰ª„π‰Œ‚¥√‡®≈·≈–∑”„Àâ‰Œ‚¥√-
‡®≈æÕßµ—«¢÷Èπ  °“√·æ√à¢ÕßπÈ”‡°’Ë¬«¢âÕß°—∫°“√‡§≈◊ËÕπ
¬â“¬¢ÕßπÈ”‡¢â“‰ª„π™àÕß«à“ß√–À«à“ß “¬‚´à¢Õß‰Œ‚¥√‡®≈
®“°°“√§”π«≥À“°”≈—ß°“√æÕßµ—«¢Õß‰Œ‚¥√‡®≈æ∫«à“
‰Œ‚¥√‡®≈∑’Ë„™â “√≈–≈“¬ 1%MBA ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–
¡’§à“°”≈—ß°“√æÕßµ—« (F

swp
) ¡“°∑’Ë ÿ¥‡™àπ‡¥’¬«°—π §◊Õ¡’

§à“Õ¬Ÿà√–À«à“ß 31-36   à«π‰Œ‚¥√‡®≈∑’Ë¡’ “√≈–≈“¬ 1%

EGDMA ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–°Á¡’§à“°”≈—ß°“√æÕßµ—«
(F

swp
) ¡“°∑’Ë ÿ¥‡™àπ‡¥’¬«°—π§◊Õ ¡’§à“Õ¬Ÿà√–À«à“ß 84-103

°“√∑’Ë§à“°”≈—ß°“√æÕßµ—«¢Õß‰Œ‚¥√‡®≈∑’Ë‰¥â®“°°“√„™â
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1%EGDMA  Ÿß°«à“‡¡◊ËÕ„™â 1%MBA  “¡“√∂¬◊π¬—π‰¥â
«à“°“√∑’Ë¡’§«“¡ “¡“√∂„π°“√æÕßµ—«„ππÈ”‰¥â Ÿß°«à“‡ªìπ
‡æ√“–«à“πÈ”·æ√à‡¢â“‰ª„π‰Œ‚¥√‡®≈‰¥â‡√Á«°«à“

·≈–®“°°“√π”§à“ F
swp

  ¡“‡¢’¬π°√“ø√–À«à“ß
Ln (F

swp
) °—∫ Ln t (Figure 5) §à“‡≈¢¬°°”≈—ß¢Õß°“√·æ√à

(n) ¢Õß‰Œ‚¥√‡®≈ “¡“√∂§”π«≥‰¥â®“°§«“¡™—π¢Õß
°√“ø ‰Œ‚¥√‡®≈∑’Ë„™â 1%MBA ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–
¡’§à“ n ‡∑à“°—∫ 0.5627  à«π‰Œ‚¥√‡®≈∑’Ë„™â 1%EGDMA

‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–¡’§à“ n ‡∑à“°—∫ 0.7411 (Table 2)

®–‡ÀÁπ‰¥â«à“µ—«‡≈¢∑’Ë∫àß∫Õ°ª√–‡¿∑¢Õß°“√·æ√à (n) ∑’ËÀ“
‰¥ấ ÷Ëß¡’§à“‡©≈’Ë¬¡“°°«à“ 0.50 ¥—ßπ—Èπ°“√·æ√à¢Õß‰Œ‚¥√‡®≈
∑’Ë¡’°“√æÕßµ—«¡“°°«à“ 3,000% ®÷ß‡ªìπ·∫∫ non-Fickian

type

‚§√ß √â“ß¢Õß‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°
‚¥¬„™â KPS °—∫ TEMED ‡ªìπ√–∫∫µ—«√‘‡√‘Ë¡ªØ‘°‘√‘¬“π—Èπ
ªØ‘°‘√‘¬“¢—ÈπµÕπ·√° KPS ∑”„Àâ‚¡‡≈°ÿ≈ TEMED ‡°‘¥
Õ‘‡≈Á°µ√Õπ¢“¥§Ÿà ·≈– “¡“√∂‡¢â“√«¡µ—«°—∫‚¡‡≈°ÿ≈¢Õß
Õ–§√‘≈“‰¡¥å·≈–°√¥¡“‡≈Õ‘° À√◊Õµ—«‡™◊ËÕ¡‚¬ßæ—π∏– (MBA

·≈– EGDMA) „π°√–∫«π°“√π’È Õ‘‡≈Á°µ√Õπ∂Ÿ°∂à“¬‚Õπ
‰ª„Àâ·°àÀπà«¬¡ÕπÕ‡¡Õ√å ∑”„Àâ‚¡‡≈°ÿ≈«àÕß‰«¢÷Èπ ∑”„Àâ
‚§æÕ≈‘‡¡Õ√åÕ–§√‘≈“‰¡¥å·≈–°√¥¡“‡≈Õ‘°¬“«‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬Ê

‡°‘¥‡ªìπ‚§√ß √â“ßµ“¢à“¬ (Tanaka, 1981) °≈‰°ªØ‘°‘√‘¬“
∑’Ë§“¥«à“‡ªìπ‰ª‰¥â· ¥ß„π Figure 6 ·≈– Figure 7

 √ÿª

‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°‡µ√’¬¡‚¥¬
ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π·∫∫Õπÿ¡Ÿ≈Õ‘ √–„π “√≈–≈“¬
Õ–§√‘≈“‰¡¥å·≈–°√¥¡“‡≈Õ‘° ‚¥¬„™â “√≈–≈“¬ 1%MBA

·≈– 1%EGDMA ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏– ·≈–„™â KPS

·≈– TEMED ‡ªìπ√–∫∫µ—«√‘‡√‘Ë¡ªØ‘°‘√‘¬“
‰Œ‚¥√‡®≈∑’Ë„™â EGDMA ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–¡’

°“√æÕßµ—«¡“°°«à“‰Œ‚¥√‡®≈∑’Ë¡’ MBA ‡ªìπµ—«‡™◊ËÕ¡‚¬ß
æ—π∏– ‚¥¬‰Œ‚¥√‡®≈∑’Ë¡’ 1%EGDMA ‡ªìπµ—«‡™◊ËÕ¡‚¬ß
æ—π∏– ¡’°“√æÕßµ—«Õ¬Ÿà„π™à«ß 8,420-10,300%   à«π
‰Œ‚¥√‡®≈∑’Ë¡’ 1%MBA ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–¡’§à“°“√
æÕßµ—«Õ¬Ÿà„π™à«ß 3,160-3,560%  §à“ª√‘¡“≥πÈ” ¡¥ÿ≈
¢Õß‰Œ‚¥√‡®≈∑’Ë¡’ 1%EGDMA ·≈– 1%MBA ‡ªìπµ—«
‡™◊ËÕ¡‚¬ßæ—π∏–¡’§à“ª√‘¡“≥πÈ” ¡¥ÿ≈Õ¬Ÿà„π™à«ß 0.9880-

0.9902 ·≈– 0.9630-0.9727 µ“¡≈”¥—∫ „π¢≥–∑’Ëß“π
«‘®—¬Õ◊Ëπ´÷Ëß„™â trimethylolpropane triacrylate (TMPTA)

·≈– 1,4-butanediol dimethacrylate (BDMA) ‡ªìπµ—«

(A) (B)

Figure 5. Variation of  Ln (F
swp

) with  Ln t of AAm/MA hydrogels at various concentrations

of (A) MBA (B) EGDMA.



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 27 ©∫—∫∑’Ë 5 °.¬. - µ.§. 2548
°“√‡µ√’¬¡·≈–»÷°…“≈—°…≥–¢Õß‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°

‰æ‚√®πå  °≈‘Ëπæ‘∑—°…å ·≈– ©—π∑π“  Õ‘π∑®—π∑√å1111

‡™◊ËÕ¡‚¬ßæ—π∏–¡’§à“°“√æÕßµ—«Õ¬Ÿà„π™à«ß 1,660-6,050%

·≈–ª√‘¡“≥πÈ” ¡¥ÿ≈Õ¬Ÿà„π™à«ß 0.8873-0.9837%

‰Œ‚¥√‡®≈¡’§à“ F
swp

 Õ¬Ÿà„π™à«ß 84-103 ·≈– 31-36

‡¡◊ËÕ„™â  1%EGDMA  ·≈–  1%MBA  ‡ªìπµ—«‡™◊ËÕ¡‚¬ß
æ—π∏–µ“¡≈”¥—∫ ‰Œ‚¥√‡®≈∑’Ë¡’°“√æÕßµ—«¡“°°«à“ 3,000%

¢÷Èπ‰ª¡’·æ√à·∫∫ non-Fickian type  à«π‰Œ‚¥√‡®≈∑’Ë¡’

Figure 6. Possible mechanism for formation of

hydrogel using KPS and TEMED as an

initiator system in the presence of MBA

as a crosslinker.

Figure 7. Possible mechanism for formation of

hydrogel using KPS and TEMED as an

initiator  system  in  the  presence  of

EGDMA as a crosslinker.

°“√·æ√à¢ÕßπÈ”πâÕ¬°«à“ 3,000% ‰¡à “¡“√∂ √ÿª™π‘¥
¢Õß°“√·æ√à‰¥â

°‘µµ‘°√√¡ª√–°“»
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