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Abstract
Klinpituksa, P., Chaiyotha, P.  and Chaisuksan, Y.

Synthesis and characterization of acrylamide/acrylic acid hydrogel

and its application for crystal violet dye adsorption
Songklanakarin J. Sci. Technol., 2006, 28(2) : 337-349

Acrylamide/acrylic acid (AAm/AAc) hydrogel was prepared by free radical polymerization in aqueous

solution of acrylamide and acrylic acid as a comonomer using ammonium persulfate and N,N,N’,N’-

tetramethylethylenediamine as an initiator system and N,N’-methylenebisacrylamide as a crosslinker at

room temperature. The hydrogels were prepared from acrylamide/acrylic acid with the ratios of 2.5/97.5, 5/

95, 10/90, 20/80, 30/70, 40/60 and 50/50. The swelling property and the equilibrium water content of the

hydrogel were determined in distilled water and in a solution of pH 3, 5, 7 and 8 for 96 hours. The result

showed that the maximum swelling and equilibrium water content of  the hydrogel obtaining from AAm/

AAc in the ratio of 10/90 were found to be 3,945% and 0.9747 at pH 8, respectively. The adsorption capacity

of  AAm/AAc (10/90) for crystal violet was also investigated at pH 3, 5, 7, 8 and 9 for 48 hours. It was found

that the optimum adsorption capacity of the hydrogel was in the range of 5-8. The adsorption rate was 90%

of  the sorption completion within 48 hours. The equilibrium data fitted well to the Langmuir isotherm with

the maximum adsorption capacity of  116.28 mg/g at pH 7.
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«.  ß¢≈“π§√‘π∑√å «∑∑. 2549 28(2) : 337-349

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

 “√≈–≈“¬πÈ”¢ÕßÕ–§√‘≈“‰¡¥å°—∫°√¥Õ–§√‘≈‘°´÷Ëß‡ªìπ‚§‚¡‚π‡¡Õ√å ‚¥¬„™â·Õ¡‚¡‡π’¬¡‡ªÕ√å´—≈‡ø∑ ·≈– N,N,N',N'-

tetramethylethylenediamine ‡ªìπ√–∫∫µ—«√‘‡√‘Ë¡ªØ‘°‘√‘¬“ ·≈–„™â N,N'-methylenebisacrylamide ‡ªìπµ—«‡™◊ËÕ¡‚¬ß

æ—π∏–∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ‡µ√’¬¡‰Œ‚¥√‡®≈‚¥¬„™âÕ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°Õ—µ√“ à«π 2.5/97.5, 5/95,

10/90, 20/80, 30/70, 40/60 ·≈– 50/50 »÷°…“°“√æÕßµ—«·≈–ª√‘¡“≥πÈ” ¡¥ÿ≈„ππÈ”°≈—Ëπ·≈– “√≈–≈“¬ pH 3, 5, 7

·≈– 8 ‡ªìπ‡«≈“ 96 ™—Ë«‚¡ß ®“°°“√∑¥≈Õßæ∫«à“‰Œ‚¥√‡®≈∑’Ë‰¥â®“°°“√„™âÕ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°‡∑à“°—∫ 10/90

¡’°“√æÕßµ—« Ÿß ÿ¥·≈–ª√‘¡“≥πÈ” ¡¥ÿ≈‡∑à“°—∫ 3,945% ·≈– 0.9747 ∑’Ë pH 8 µ“¡≈”¥—∫  πÕ°®“°π’È‰¥â»÷°…“°“√

¥Ÿ¥´—∫ ’§√‘ µ—≈‰«‚Õ‡≈∑¢Õß‰Œ‚¥√‡®≈∑’Ë pH 3, 5, 7, 8 ·≈– 9 ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß ®“°°“√∑¥≈Õßæ∫«à“‰Œ‚¥√‡®≈

 “¡“√∂¥Ÿ¥´—∫ ’‰¥â¥’„π™à«ß pH 5-8 ‚¥¬ “¡“√∂¥Ÿ¥´—∫ ’‰¥â 90% ¿“¬„π‡«≈“ 48 ™—Ë«‚¡ß °“√¥Ÿ¥´—∫ ’‡ªìπ‰ªµ“¡

·≈ß‡¡’¬√å‰Õ‚´‡∑Õ¡‚¥¬¡’§à“‡∑à“°—∫ 116.28 ¡°./°√—¡ ∑’Ë pH 7

‰Œ‚¥√‡®≈ (hydrogel) §◊ÕæÕ≈‘‡¡Õ√å∑’Ë¡’‚§√ß√à“ß
µ“¢à“¬·∫∫ “¡¡‘µ‘  ´÷Ëß “¡“√∂æÕßµ—«‰¥â¡“°∂÷ß 100-

1,000 ‡∑à“¢ÕßπÈ”Àπ—°·Àâß‡¡◊ËÕ —¡º— °—∫πÈ”À√◊Õ “√≈–≈“¬
πÈ” ‰Œ‚¥√‡®≈´÷Ëß‡ªìπæÕ≈‘‡¡Õ√å¥Ÿ¥πÈ” Ÿß (superabsorbent

polymer) ª√–°Õ∫¥â«¬Àπà«¬¬àÕ¬∑’Ë¡’≈—°…≥–‡©æ“–µ—«§◊Õ
‡ªìπ “√∑’Ë‡°‘¥æ—π∏–°—∫‚¡‡≈°ÿ≈¢ÕßπÈ”‰¥â ·µà‰¡à≈–≈“¬πÈ”
π‘Ë¡ ¬◊¥À¬ÿàπ ·≈–æÕßµ—«„ππÈ”  ‰Œ‚¥√‡®≈¡’‚§√ß √â“ß∑’Ë
·πàπÕπ·µà®–¡’ª√‘¡“µ√‡æ‘Ë¡¢÷Èπ®π°√–∑—Ëß∂÷ß®ÿ¥ ¡¥ÿ≈∑“ß
‡§¡’°“¬¿“æ °“√‡°‘¥æ—π∏–°—∫‚¡‡≈°ÿ≈¢ÕßπÈ”¢Õß‰Œ‚¥√‡®≈
‡π◊ËÕß®“°°“√· ¥ß§ÿ≥ ¡∫—µ‘¢ÕßÀ¡Ÿàøíß°å™—π∑’Ë™Õ∫πÈ” ‡™àπ
·Õ≈°ÕŒÕ≈å °√¥§“√å∫Õ°´‘≈‘° ‡Õ‰¡¥å ‡ªìπµâπ æÕ≈‘‡¡Õ√å
¥Ÿ¥πÈ” ŸßÕ“®‡µ√’¬¡‰¥â®“°‚§æÕ≈‘‡¡Õ√åµà“ßÊ ‡™àπ
‚§æÕ≈‘‡¡Õ√å¢ÕßÕ–§√‘≈“‰¡¥å·≈–°√¥Õ–§√‘≈‘°À√◊Õ‚´‡¥’¬¡
Õ–§√‘‡≈∑ (Askari et al., 1993; Omidian et al., 1994;

Lui and Rempell,1997; Omidian et al.,1998;  Karadag

and Saraydin, 2002; Krull et al., 2002) ‡ªìπµâπ
ªí®®ÿ∫—π§«“¡ π„®‡√◊ËÕß°“√ —ß‡§√“–Àå·≈–°“√

ª√–¬ÿ°µå„™âß“π¢Õß‰Œ‚¥√‡®≈¡’‡æ‘Ë¡¡“°¢÷Èπ   ‰Œ‚¥√‡®≈
 “¡“√∂π”‰ªª√–¬ÿ°µå„™â„π¥â“πµà“ßÊ  ‡™àπ ∑”‡¬◊ËÕ‡≈◊Õ°
ºà“π‡æ◊ËÕ∑”πÈ”„Àâ∫√‘ ÿ∑∏‘Ï §Õπ‡∑§‡≈π å „™â‡ªìπ«—µ∂ÿ¥‘∫„π
°“√∑”¬“√—°…“‚√§·≈–∑“ß‡¿ —™°√√¡ √«¡∑—Èß„™â„π°“√

‡°…µ√ Õÿµ “À°√√¡Õ“À“√ ∑“ß°“√·æ∑¬å·≈–‡∑§‚π‚≈¬’
™’«¿“æ πÕ°®“°π’È¬—ß„™â„π°“√·°âªí≠À“∑“ß¥â“π ‘Ëß·«¥≈âÕ¡
‰¥â‚¥¬°“√¥Ÿ¥´—∫ ’¬âÕ¡·≈– “√‡§¡’∑’Ë¡’ª√–®ÿ∫«°‚¥¬
‰Œ‚¥√‡®≈∑’Ë‡ªìπ‚§‚¡‚π‡¡Õ√å´÷Ëß¡’ª√–®ÿ≈∫Õ¬Ÿà¥â«¬ ¥—ßπ—Èπ®÷ß
‡°‘¥ªØ‘°‘√‘¬“√–À«à“ß‰ÕÕÕπ∫«°¢Õß ’¬âÕ¡·≈–ª√–®ÿ≈∫
¢Õß‰Œ‚¥√‡®≈ (Karadag et al., 2002)

‰¥â¡’°“√‡µ√’¬¡‰Œ‚¥√‡®≈¢Õß‚§æÕ≈‘‡¡Õ√å∫“ß™π‘¥
·≈–π”‰ªª√–¬ÿ°µå„™â„π°“√¥Ÿ¥´—∫ ’¬âÕ¡ ‡™àπ Karadag

·≈–§≥– (2002) ‰¥â‡µ√’¬¡‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥
¡“‡≈Õ‘°®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π·∫∫Õπÿ¡Ÿ≈Õ‘ √–„π
 “√≈–≈“¬Õ–§√‘≈“‰¡¥å°—∫°√¥¡“‡≈Õ‘°´÷Ëß∑”Àπâ“∑’Ë‡ªìπ
‚§æÕ≈‘‡¡Õ√å °—∫µ—«‡™◊ËÕ¡‚¬ßæ—π∏–∑’Ë “¡“√∂‡°‘¥°“√‡™◊ËÕ¡
µàÕ‰¥âÀ≈“¬µ”·Àπàß  µ—«Õ¬à“ß‡™àπ  trimethylolpropane

triacrylate, 1,4-butanediol dimethacrylate ·≈–π”
‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°∑’Ë‰¥â‰ª»÷°…“°“√æÕß
µ—« °“√¥Ÿ¥ —́∫πÈ”·≈–°“√·æ√à¢Õß “√≈–≈“¬ ’∑’Ë¡’ª√–®ÿ∫«°
§◊Õ Basic Blue 17 (Toluidin Blue)  æ∫«à“°“√æÕßµ—«
¢Õß‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°„ππÈ”Õ¬Ÿà„π™à«ß
1,660-6,050% „π¢≥–∑’Ë‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å¡’°“√æÕß
µ—«Õ¬Ÿà„π™à«ß 780-1,360%   ª√‘¡“≥πÈ” ¡¥ÿ≈ (equili-

brium water content) ¡’§à“Õ¬Ÿà„π™à«ß 0.883-0.984
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‰æ‚√®πå  °≈‘Ëπæ‘∑—°…å ·≈–§≥–339

®“°°“√»÷°…“°“√·æ√à¢Õß ’¬âÕ¡∑’Ë¡’ª√–®ÿ∫«°‡¢â“‰ª„π
‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°‚¥¬„™â‡∑§π‘§°“√¥Ÿ¥ —́∫
·∫∫‰¡àµàÕ‡π◊ËÕß∑’ËÕÿ≥À¿Ÿ¡‘ 25ºC æ∫«à“Õ—µ√“°“√¬÷¥µ‘¥ ’
‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥°√¥¡“‡≈Õ‘°„π‰Œ‚¥√‡®≈Õ–§√‘≈“-
‰¡¥å/°√¥¡“‡≈Õ‘°

‰Œ‚¥√‡®≈¥Ÿ¥πÈ” Ÿß∑’Ë‡µ√’¬¡‰¥â®“°Õ–§√‘≈“‰¡¥å·≈–
°√¥¡“‡≈Õ‘°‚¥¬«‘∏’°“√©“¬√—ß ’·°¡¡“ (Saraydin et al.,

2001) ·≈–∑¥ Õ∫°“√æÕßµ—« °“√·æ√à·≈–°“√¥Ÿ¥´—∫
 “√≈–≈“¬ ’¬âÕ¡Õ–µÕ¡‡¥’Ë¬«∑’Ë¡’ª√–®ÿ∫«°§◊Õ Basic Red 5

(BR-5), Basic Violet 3 (BV-3) ·≈– Briliant Cresyl

Blue (BCB)  æ∫«à“‡¡◊ËÕ„™â‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥
¡“‡≈Õ‘°∑’Ë¡’°√¥¡“≈‘Õ‘°‡ªìπ à«πº ¡Õ¬Ÿà 40 mg ·≈–©“¬
√—ß ’¢π“¥ 5.20 KGy ¡’°“√·æ√à¢Õß ’¬âÕ¡‡æ‘Ë¡¢÷Èπµ“¡
≈”¥—∫¥—ßπ’È BR-5 > πÈ” > BV-3 > BCB  ·≈–®“°°“√
»÷°…“¥â«¬‡∑§π‘§°“√¥Ÿ¥´—∫·∫∫°– (batch type) ∑’Ë
Õÿ≥À¿Ÿ¡‘ 25ºC æ∫«à“§«“¡ “¡“√∂¢Õß‰Œ‚¥√‡®≈„π°“√
¥Ÿ¥´—∫ ’‡√’¬ßµ“¡≈”¥—∫¥—ßπ’È BR-5 > BV-3 > BCB ®“°
°“√∑¥≈Õß· ¥ß«à“°“√¬÷¥µ‘¥¢Õß ’∫π‰Œ‚¥√‡®≈‡æ‘Ë¡¢÷Èπ
‡¡◊ËÕª√‘¡“≥¢Õß°√¥¡“‡≈Õ‘°„π‰Œ‚¥√‡®≈‡æ‘Ë¡¢÷Èπ

πÕ°®“°π’È Duran ·≈–§≥– (1999) ·≈– Solpan

·≈–§≥– (2003) ‰¥â»÷°…“°“√‡µ√’¬¡‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/
°√¥Õ–§√‘≈‘°‚¥¬«‘∏’°“√©“¬√—ß ’·°¡¡“ æ∫«à“‰Œ‚¥√‡®≈
Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘° “¡“√∂æÕßµ—«‰¥â Ÿß ÿ¥∑’Ë pH

8.0  ‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°∑’Ë‡µ√’¬¡®“°
Õ–§√‘≈“‰¡¥å 15%  “¡“√∂æÕßµ—«‰¥â Ÿß ÿ¥∂÷ß 3,000%

·≈–‰¥âπ”‰Œ‚¥√‡®≈¡“∑¥ Õ∫°“√°”®—¥ ’¬âÕ¡ 2 ™π‘¥§◊Õ
Janus Green B (JGB) ·≈– Congo Red (CR) æ∫«à“
 ’¬âÕ¡ JGB ∂Ÿ°¥Ÿ¥´—∫¥â«¬‰Œ‚¥√‡®≈‰¥â¥’¡“°   à«π ’¬âÕ¡
CR ‰¡à∂Ÿ°¥Ÿ¥´—∫¥â«¬‰Œ‚¥√‡®≈   πÕ°®“°π’È‰Œ‚¥√‡®≈
Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°∑’Ë‡µ√’¬¡‰¥â “¡“√∂¥Ÿ¥´—∫ ’‡¡∑‘≈
‰«‚Õ‡≈∑  „π¢≥–∑’Ë‰Œ‚¥√‡®≈æÕ≈‘Õ–§√‘≈“‰¡¥å‰¡à¥Ÿ¥ —́∫ ’‡≈¬
®“°º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/
°√¥Õ–§√‘≈‘° “¡“√∂„™â‡ªìπ “√¥Ÿ¥´—∫ “√∑’Ë°àÕ„Àâ‡°‘¥
¡≈¿“«–∑“ßπÈ” ‡™àπ  ’¬âÕ¡·≈–„™â„π°“√∫”∫—¥ “√Õ‘π∑√’¬å
ªπ‡ªóôÕπ„ππÈ”‡ ’¬‰¥â (Solpan et al., 2003)

ªí®®ÿ∫—π‰¥â¡’°“√‡µ√’¬¡‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥
Õ–§√‘≈‘°‚¥¬«‘∏’°“√©“¬¥â«¬√—ß ’·°¡¡“ ÷́Ëß‰¥â»÷°…“°—πÕ¬à“ß
°«â“ß¢«“ß Õ¬à“ß‰√°Áµ“¡°“√‡µ√’¬¡‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/

°√¥Õ–§√‘≈‘°‚¥¬√–∫∫æÕ≈‘‡¡Õ‰√‡´™—π·∫∫ “√≈–≈“¬‚¥¬
„™â√–∫∫µ—«√‘‡√‘Ë¡ªØ‘°‘√‘¬“·≈–µ—«‡™◊ËÕ¡‚¬ßæ—π∏–‡ªìπ«‘∏’°“√
Àπ÷Ëß∑’Ë¡’°“√»÷°…“°—π¡“°‡æ√“–„Àâ‰Œ‚¥√‡®≈∑’Ë¡’º≈º≈‘µ Ÿß
ß“π«‘®—¬π’È®÷ß‰¥â»÷°…“°“√‡µ√’¬¡·≈–»÷°…“≈—°…≥–¢Õß
‰Œ‚¥√‡®≈Õ–§√‘≈‘°/°√¥Õ–§√‘≈‘°‚¥¬ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√-
‡´™—π·∫∫Õπÿ¡Ÿ≈Õ‘ √–„π “√≈–≈“¬πÈ”‚¥¬„™â·Õ¡‚¡‡π’¬¡
‡ªÕ√å´—≈‡ø∑ ·≈– N,N,N',N'-tetramethylethylenedia-

mine ‡ªìπ√–∫∫µ—«√‘‡√‘Ë¡ªØ‘°‘√‘¬“ ·≈–„™â N,N'-methyl-

enebisacrylamide ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏– ®“°π—Èπ®÷ß‰¥â
»÷°…“ ¡∫—µ‘°“√¥Ÿ¥ —́∫¢Õß‰Œ‚¥√‡®≈∑’Ë‡µ√’¬¡‰¥â„π°“√¥Ÿ¥
´—∫ ’§√‘ µ—≈‰«‚Õ‡≈∑‡ªìπµ—«·∑π ’¬âÕ¡ª√–‡¿∑·§∑‰ÕÕÕπ‘°
‡æ◊ËÕ‡ªìπ·π«∑“ß„π°“√ª√–¬ÿ°µå„™â°”®—¥ ’¬âÕ¡„ππÈ”∑‘Èß
®“°Õÿµ “À°√√¡µàÕ‰ª

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

1. «— ¥ÿ·≈– “√‡§¡’

Acrylamide (AAm) ‡ªìπ¡ÕπÕ‡¡Õ√å (monomer)

º≈‘µ‚¥¬∫√‘…—∑ Fluka Chemika; Acrylic acid (AAc)

‡ªìπ‚§¡ÕπÕ‡¡Õ√å (comonomer) º≈‘µ‚¥¬∫√‘…—∑ Merck;

Ammonium persulphate (APS) ‡ªìπµ—«√‘‡√‘Ë¡ªØ‘°‘√‘¬“
(initiator) º≈‘µ‚¥¬∫√‘…—∑ Riedel-de Haen; N,N,N',N'-

tetramethylethylenediamine (TEMED) ‡ªìπµ—«‡√àß√à«¡
(activator)  º≈‘µ‚¥¬∫√‘…—∑ Fluka Chemika; N,N'-

methylenebisacrylamide (MBA) ‡ªìπµ—«‡™◊ËÕ¡‚¬ßæ—π∏–
(crosslinking agent) º≈‘µ‚¥¬∫√‘…—∑ Aldrich; Crystal

violet º≈‘µ‚¥¬∫√‘…—∑ Riedel-de Haen

2. Õÿª°√≥å

À≈Õ¥·°â«  (¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß  3  ¡¡.);
Incubator º≈‘µ‚¥¬∫√‘…—∑ Gallenkamp model ICC 180

WT2.C;  UV-Visible  spectrophotometer  º≈‘µ‚¥¬
∫√‘…—∑ Spectronic instruments model  Spectronic 20

Genesys; FTIR  Spectrophotometer º≈‘µ‚¥¬∫√‘…—∑
Nicolet USA. model Magna IR 560;  Shaker º≈‘µ
‚¥¬∫√‘…—∑ Heidolph instruments model Unimax 1010;

pH meter  º≈‘µ‚¥¬∫√‘…—∑ Mettler Toledo model MP

225
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3. «‘∏’°“√

3.1 °“√‡µ√’¬¡‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°

(Preparation of acrylamide/acrylic acid hydrogel)

º ¡Õ–§√‘≈“‰¡¥å°—∫°√¥Õ–§√‘≈‘°„π —¥ à«π
2.5/97.5, 5/95, 10/90, 20/80, 30/70, 40/60, 50/50 (‚¥¬
‚¡≈) „ππÈ”°≈—Ëπ 1 ¡≈.  ‡µ‘¡ “√≈–≈“¬ 1% N,N'-methyl-

enebisacrylamide (MBA) 0.25 ¡≈., 5% ammonium

persulphate (APS) 0.2 ¡≈. ·≈–‡µ‘¡ 1% N,N,N',N'-

tetramethylethylenediamine  (TEMED)  0.25  ¡≈.
≈ß„π “√≈–≈“¬¢ÕßÕ–§√‘≈“‰¡¥å·≈–°√¥Õ–§√‘≈‘° π” “√
≈–≈“¬∑’Ë‰¥â‰ª„ à„πÀ≈Õ¥·°â«∑’Ë¡’‡ âπºà“π»Ÿπ¬å°≈“ß 3 ¡¡.
·≈â«π”‰ª‰«â„πµŸâÕ∫ (incubator) ∑’ËÕÿ≥À¿Ÿ¡‘ 25ºC ‡ªìπ
‡«≈“ 24 ™—Ë«‚¡ß π”‰Œ‚¥√‡®≈ÕÕ°®“°À≈Õ¥·°â« µ—¥„Àâ¡’
§«“¡¬“« 3-4 ¡¡. ·≈â«π”‰ªÕ∫®π·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 50ºC

3.2 °“√«—¥°“√æÕßµ—« (Swelling measurement)

π”‰Œ‚¥√‡®≈∑’Ë·ÀâßÀπ—°ª√–¡“≥ 0.01 °√—¡
„ à„ππÈ”°≈—Ëπ·≈–„π “√≈–≈“¬∑’Ë¡’  pH  3,  5,  7  ·≈–  8
ª√‘¡“µ√ 50 ¡≈. Õÿ≥À¿Ÿ¡‘ÀâÕß (27±1ºC) π”‡®≈∑’ËæÕßµ—«
ÕÕ°®“°πÈ”·≈–°√Õß¥â«¬µ–·°√ß ´—∫πÈ”∑’Ë‡°“–Õ¬Ÿà∑’Ëº‘«ÕÕ°
¥â«¬°√–¥“…°√Õß ·≈â«π”‰ª™—ËßπÈ”Àπ—°¢Õß·µà≈–µ—«Õ¬à“ß
∑’Ë‡«≈“∑ÿ°Ê 1 ™—Ë«‚¡ß‡ªìπ‡«≈“ 12 ™—Ë«‚¡ß ·≈–∑’Ë‡«≈“ 18,

24, 48, 72 ·≈– 96 ™—Ë«‚¡ß µ“¡≈”¥—∫   §”π«≥À“
‡ªÕ√å‡ Á́πµå°“√æÕßµ—«¢Õß‰Œ‚¥√‡®≈®“° ¡°“√ (Karadag

and Saraydin., 2002;  Karadag et al., 2002)

%S =
(Mt − Mo )

Mo

×100

‡¡◊ËÕ %S = ‡ªÕ√å‡´πµå°“√æÕßµ—«¢Õß‡®≈
M

t
= ¡«≈ (°√—¡) ¢Õß‡®≈æÕßµ—«∑’Ë‡«≈“„¥Ê

M
o

= ¡«≈ (°√—¡) ¢Õß‡®≈·Àâß∑’Ë‡«≈“‡∑à“°—∫»Ÿπ¬å

3.3 ª√‘¡“≥πÈ” ¡¥ÿ≈ (Equilibrium water content,

EWC)

π”‰Œ‚¥√‡®≈∑’Ë·ÀâßÀπ—°ª√–¡“≥ 0.01 °√—¡
„ à„ππÈ”°≈—Ëπ·≈–„π “√≈–≈“¬∑’Ë¡’  pH  3,  5,  7  ·≈–  8
ª√‘¡“µ√ 50 ¡≈.∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡¡◊ËÕ‡¢â“ Ÿà ¿“«– ¡¥ÿ≈π”
‰Œ‚¥√‡®≈ÕÕ°·≈–°√Õß¥â«¬µ–·°√ß  ´—∫πÈ”∑’Ë‡°“–Õ¬Ÿà∑’Ëº‘«
ÕÕ°¥â«¬°√–¥“…°√Õß·≈â«π”‰ª™—Ëß   ª√‘¡“≥πÈ” ¡¥ÿ≈

§”π«≥‰¥â®“° Ÿµ√ (Karadag et al., 2002;  Karadag and

Saraydin, 2002)

EWC =
Mt − Mo

Mt

‡¡◊ËÕ EWC = ª√‘¡“≥πÈ” ¡¥ÿ≈
M

t
= ¡«≈ (°√—¡) ¢Õß‰Œ‚¥√‡®≈æÕßµ—«∑’Ë‡«≈“

„¥Ê (®ÿ¥ ¡¥ÿ≈)

M
o

= ¡«≈ (°√—¡) ¢Õß‰Œ‚¥√‡®≈·Àâß∑’Ë‡«≈“
‡∑à“°—∫»Ÿπ¬å

3.4 °“√¥Ÿ¥´—∫ ’§√‘ µ—≈‰«‚Õ‡≈∑ (Adsorption of

crystal violet dye)

1) °“√À“§«“¡¬“«§≈◊Ëπ Ÿß ÿ¥ (λλλλλ
max

) ¢Õß ’

§√‘ µ—≈‰«‚Õ‡≈∑

‡µ√’¬¡ “√≈–≈“¬§√‘ µ—≈‰«‚Õ‡≈∑‡¢â¡¢âπ
10 ¡°./≈‘µ√ π”¡“«—¥§à“°“√¥Ÿ¥°≈◊π· ß¥â«¬‡§√◊ËÕß UV-

Vis spectrophotometer ∑’Ë§«“¡¬“«§≈◊Ëπµà“ßÊ ‡æ◊ËÕÀ“§à“
°“√¥Ÿ¥°≈◊π· ß Ÿß ÿ¥ (λ

max
) ¢Õß ’§√‘ µ—≈‰«‚Õ‡≈∑

2) °“√∑”°√“ø¡“µ√∞“π¢Õß ’§√‘ µ—≈‰«‚Õ-

‡≈∑

‡µ√’¬¡ “√≈–≈“¬ ’§√‘ µ—≈‰«‚Õ‡≈∑‡¢â¡¢âπ
5, 10 ·≈– 15 ¡°./≈‘µ√ π”‰ª«—¥§à“°“√¥Ÿ¥°≈◊π· ß¥â«¬
‡§√◊ËÕß UV-Vis spectrophotometer ∑’Ë λ

max
 ‡¢’¬π°√“ø

¡“µ√∞“π√–À«à“ß§à“°“√¥Ÿ¥°≈◊π· ß°—∫§«“¡‡¢â¡¢âπ¢Õß ’
§√‘ µ—≈‰«‚Õ‡≈∑

3) °“√À“‡«≈“∑’Ë ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫ ’

π”‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°´÷Ëß
‡ªìπ —¥ à«π∑’ËæÕßµ—«‰¥â¥’∑’Ë ÿ¥¡“ 0.01 °√—¡ „ à≈ß„π “√
≈–≈“¬ ’§√‘ µ—≈‰«‚Õ‡≈∑‡¢â¡¢âπ 5, 10 ·≈– 15 ¡°./≈‘µ√
ª√‘¡“µ√ 50 ¡≈. ‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“§«“¡‡√Á« 125 rpm

∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß π”‰Œ‚¥√‡®≈ÕÕ° ·≈â««—¥§«“¡‡¢â¡¢âπ¢Õß
 ’„π “√≈–≈“¬∑’Ë‡«≈“ 2, 4, 6, 12, 24, 48, 72 ·≈– 96 ™¡.
¥â«¬‡§√◊ËÕß UV-Vis spectrophotometer §”π«≥À“§à“
°“√¥Ÿ¥ —́∫¢Õß ’µàÕÀπà«¬πÈ”Àπ—°¢Õß‰Œ‚¥√‡®≈∑’Ë‡«≈“µà“ßÊ
®“° ¡°“√ (Duran et al., 1999)

qe =
(Co − Ce )V

W
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‡¡◊ËÕ q
e

= ®”π«π¢Õß ’∑’Ë∂Ÿ°¥Ÿ¥´—∫µàÕπÈ”Àπ—°·Àâß¢Õß
‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘° (¡°./
°√—¡)

C
o

= §«“¡‡¢â¡¢âπ¢Õß ’„π “√≈–≈“¬‡√‘Ë¡µâπ
(¡°./≈‘µ√)

C
e

= §«“¡‡¢â¡¢âπ¢Õß ’∑’Ë‡À≈◊Õ„π “√≈–≈“¬
À≈—ß®“°°“√‡¢¬à“∑’Ë‡«≈“ ¡¥ÿ≈ (¡°./≈‘µ√)

V = ª√‘¡“µ√¢Õß “√≈–≈“¬ (≈‘µ√)

W = πÈ”Àπ—°·Àâß¢Õß‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/
°√¥Õ–§√‘≈‘°∑—ÈßÀ¡¥∑’Ë„™â (°√—¡)

4) °“√»÷°…“º≈¢Õß pH µàÕ°“√¥Ÿ¥´—∫ ’

π”‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°®“°
 —¥ à«π∑’ËæÕßµ—«‰¥â¥’∑’Ë ÿ¥ 0.01 °√—¡ „ à≈ß„π “√≈–≈“¬
§√‘ µ—≈‰«‚Õ‡≈∑ 10 ¡°./≈‘µ√ ª√‘¡“µ√ 50 ¡≈. ∑’Ë pH 3,

5, 7, 8 ·≈– 9 ‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“§«“¡‡√Á« 125 rpm

∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß π”‰Œ‚¥√‡®≈ÕÕ° ·≈â««—¥§«“¡‡¢â¡¢âπ¢Õß
 ’∑’Ë‡«≈“∑’Ë ¿“«– ¡¥ÿ≈¥â«¬‡§√◊ËÕß UV-Vis spectrophoto-

meter §”π«≥À“§à“°“√¥Ÿ¥´—∫¢Õß ’µàÕÀπà«¬πÈ”Àπ—°¢Õß
‰Œ‚¥√‡®≈

5) °“√À“§à“§«“¡ “¡“√∂„π°“√¥Ÿ¥ —́∫ Ÿß ÿ¥

(q
max

)

π”‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘° 0.01

°√—¡ „ à≈ß„π “√≈–≈“¬ 2.5, 5, 10 ·≈– 15 ¡°./≈‘µ√
§√‘ µ—≈‰«‚Õ‡≈∑  ª√‘¡“µ√ 50 ¡≈.  ∑’Ë  pH  ∑’Ë‰Œ‚¥√‡®≈¡’
§«“¡ “¡“√∂¥Ÿ¥´—∫ ’ Ÿß ÿ¥ ‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“§«“¡‡√Á«
125 rpm ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß  π”‰Œ‚¥√‡®≈ÕÕ° ·≈â««—¥§«“¡
‡¢â¡¢âπ¢Õß ’∑’Ë‡À≈◊Õ∑’Ë ¿“«– ¡¥ÿ≈¥â«¬‡§√◊ËÕß UV-Vis

spectrophotometer  §”π«≥À“§à“§«“¡ “¡“√∂„π°“√
¥Ÿ¥´—∫ Ÿß ÿ¥ (q

max
) ·≈–§à“ Langmuir constant (k

l
) ‰¥â

®“° ¡°“√ Langmuir isotherm (Bains and Greenwood,

2003)

Ceq

q =
k1

qmax

+
[1]

qmax

Ceq

‡¡◊ËÕ q = §«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ (¡°./°√—¡)

C
eq

= §«“¡‡¢â¡¢âπ¢Õß ’∑’Ë ¿“«– ¡¥ÿ≈
(¡°./≈‘µ√)

q
max

 = §«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ Ÿß ÿ¥
(¡°./°√—¡)

k
l

= Langmuir constant (¡°./≈‘µ√)

‡¢’¬π°√“ø√–À«à“ß C
eq

 /q °—∫ C
eq
  §«“¡™—π¢Õß°√“ø

‡∑à“°—∫ 1/ q
max

 ·≈–®ÿ¥µ—¥·°π‡∑à“°—∫ k
l
/ q

max

º≈·≈–«‘®“√≥åº≈°“√∑¥≈Õß

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

®“°°“√‡µ√’¬¡‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°
(AAm/AAc) ∑’Ë‡µ√’¬¡‰¥â®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π
·∫∫Õπÿ¡Ÿ≈Õ‘ √–‚¥¬„™âÕ–§√‘≈“‰¡¥åµàÕ°√¥Õ–§√‘≈‘°„π
Õ—µ√“ à«π 2.5/97.5, 5/95, 10/90, 20/80, 30/70, 40/60,

50/50 (‚¥¬‚¡≈) ·≈– 1% N,N’-methylenebisacryl-

amide (MBA) 0.25 ¡≈., 5% ammonium persulphate

(APS) 0.2 ¡≈. ·≈– 1% N,N,N',N' -tetramethylethyl-

enediamine (TEMED) 0.25 ¡≈. æ∫«à“‰Œ‚¥√‡®≈∑’Ë‰¥â¡’
≈—°…≥–·¢Áß ¡’ ’¢ÿàπ (Figure 1)

Figure 1.  AAm/AAc (10/90) hydrogel obtained (A) and small pieces of dried hydrogel (B).
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„πªØ‘°‘√‘¬“‚§æÕ≈‘‡¡Õ‰√‡´™—π√–À«à“ßÕ–§√‘≈“‰¡¥å
°—∫°√¥Õ–§√‘≈‘° „π¢—ÈπµÕπ·√°¢ÕßªØ‘°‘√‘¬“·Õ¡‚¡‡π’¬¡
‡ªÕ√å´—≈‡ø∑ (APS) ‡¢â“∑”ªØ‘°‘√‘¬“°—∫ TEMED ∑”„Àâ
‚¡‡≈°ÿ≈¢Õß TEMED ¡’Õ‘‡≈Á°µ√Õπ¢“¥§Ÿà (unpaired

valence electron) ´÷Ëß “¡“√∂‡¢â“√«¡µ—«°—∫Õ–§√‘≈“‰¡¥å
·≈–°√¥Õ–§√‘≈‘° À√◊Õ MBA „π°√–∫«π°“√π’ÈÕ–§√‘≈“‰¡¥å
·≈–°√¥Õ–§√‘≈‘°‚¡‡≈°ÿ≈Õ◊ËπÊ  “¡“√∂‡¢â“¡“‡°“–·≈–¡’
§«“¡«àÕß‰«„π°“√∑”ªØ‘°‘√‘¬“  „π∑”πÕß‡¥’¬«°—π∑”„Àâ
‡°‘¥‚§æÕ≈‘‡¡Õ√å√–À«à“ßÕ–§√‘≈“‰¡¥å·≈–°√¥Õ–§√‘≈‘°¬“«
‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬Ê ·≈–¡’ MBA ‡ªìπµ—«‡™◊ËÕ¡‚¬ß√–À«à“ß “¬
‚´àæÕ≈‘‡¡Õ√å  ∑”„Àâ‰¥â‰Œ‚¥√‡®≈∑’Ë‡ªìπ‚§√ß√à“ßµ“¢à“¬
(Tanaka, 1981) °≈‰°ªØ‘°‘√‘¬“∑’Ë§“¥«à“‡°‘¥¢÷Èπ· ¥ß„π
Figure 2

2. °“√æÕßµ—«¢Õß‰Œ‚¥√‡®≈

2.1 °“√æÕßµ—«„ππÈ”°≈—Ëπ

º≈°“√∑¥ Õ∫°“√æÕßµ—«¢Õß‰Œ‚¥√‡®≈∑’Ë
‡µ√’¬¡‰¥â®“°¢âÕ 1 ∑’Ë‡«≈“µà“ßÊ ‡ªìπ‡«≈“ 96 ™—Ë«‚¡ß· ¥ß
„π Figure 3

®“° Figure 3 æ∫«à“ ‰Œ‚¥√‡®≈∑’Ë‡µ√’¬¡®“°
°“√„™âÕ–§√‘≈“‰¡¥å·≈–°√¥Õ–§√‘≈‘°„π —¥ à«π 10/90 ¡’
°“√æÕßµ—« Ÿß ÿ¥ 3,200% ∑’Ë‡«≈“ 96 ™—Ë«‚¡ß ‡ªìπ∑’Ë∑√“∫
«à“°“√æÕßµ—«¢Õß‰Œ‚¥√‡®≈‡°‘¥®“°°“√·æ√à¢ÕßπÈ”‡¢â“‰ª
„π‚§√ß √â“ßµ“¢à“¬·≈–‡°‘¥Õ—πµ√°‘√‘¬“√–À«à“ßÀ¡Ÿàøíß°å™—π∑’Ë
™Õ∫πÈ”§◊Õ À¡Ÿà§“√å∫Õ°´‘≈‘°¢Õß°√¥Õ–§√‘≈‘°°—∫πÈ” ¥—ßπ—Èπ
®÷ß‡ªìπ‡Àµÿº≈«à“‡¡◊ËÕ¡’ª√‘¡“≥°√¥Õ–§√‘≈‘°‡ªìπÕß§åª√–°Õ∫
Õ¬Ÿà Ÿß∂÷ß 90% ®÷ß∑”„Àâ‰Œ‚¥√‡®≈æÕßµ—«‰¥â Ÿß°«à“‡¡◊ËÕ¡’
Õß§åª√–°Õ∫„π‰Œ‚¥√‡®≈∑’Ë¡’°√¥Õ–§√‘≈‘°πâÕ¬°«à“  ·µà
‰Œ‚¥√‡®≈∑’Ë¡’Õß§åª√–°Õ∫¢Õß°√¥Õ–§√‘≈‘°¡“°°«à“ 90%

°≈—∫∑”„Àâ°“√æÕßµ—«πâÕ¬≈ßÕ“®®–‡ªìπ‡æ√“–«à“‚§√ß √â“ß
µ“¢à“¬¢Õß‰Œ‚¥√‡®≈¡’™àÕß«à“ß®”°—¥  πÈ”®÷ß∂Ÿ°¥—πÕÕ°‰ª
πÕ°‰Œ‚¥√‡®≈  Õ¬à“ß‰√°Áµ“¡ °“√«‘®—¬π’È‰¥âº≈„°≈â‡§’¬ß°—∫
‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°∑’Ë‡µ√’¬¡‚¥¬«‘∏’©“¬
¥â«¬√—ß ’·°¡¡“ ‚¥¬¡’°“√æÕßµ—« Ÿß ÿ¥‡∑à“°—∫ 3,000%

‡¡◊ËÕ‰Œ‚¥√‡®≈¡’Õ–§√‘≈“‰¡¥å‡ªìπÕß§åª√–°Õ∫ 15% (Duran

et al., 1999)

2.2 °“√æÕßµ—«„π “√≈–≈“¬∑’Ë pH µà“ßÊ

®“° Figure 4 æ∫«à“„π “√≈–≈“¬ pH 3, 5, 7

·≈– 8 ‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘° (10/90) ¡’°“√
æÕßµ—« Ÿß ÿ¥ 700%, 3,085%, 3,575% ·≈– 3,945%

µ“¡≈”¥—∫ ∑’Ë‡«≈“ 96 ™—Ë«‚¡ß
≈—°…≥–¢Õß‰Œ‚¥√‡®≈°àÕπ·≈–À≈—ß·™à„π “√

≈–≈“¬∑’Ë pH 3, 5, 7 ·≈– 8 „π™à«ß‡«≈“ 48 ™—Ë«‚¡ß · ¥ß
„π Figure 5   ·≈–§«“¡ —¡æ—π∏å√–À«à“ß‡ªÕ√å‡´Áπµå°“√
æÕßµ—«¢Õß‰Œ‚¥√‡®≈°—∫ pH · ¥ß„π Figure 6

®“° Figure 4-6 · ¥ß„Àâ‡ÀÁπ«à“‰Œ‚¥√‡®≈¡’
·π«‚πâ¡„π°“√æÕßµ—« Ÿß¢÷Èπ‡¡◊ËÕ§à“ pH ‡æ‘Ë¡¢÷Èπ Õ“®‡ªìπ
‡æ√“–«à“À¡Ÿà§“√å∫Õ° ‘́≈¢Õß°√¥Õ–§√‘≈‘°·µ°µ—«„Àâª√–®ÿ
≈∫‰¥â¡“°¢÷Èπ®÷ß “¡“√∂‡°‘¥æ—π∏–‰Œ‚¥√‡®π°—∫πÈ”‰¥â‡æ‘Ë¡
¢÷Èπ §«“¡ “¡“√∂„π°“√¥Ÿ¥πÈ”®÷ß‡æ‘Ë¡¢÷Èπ º≈°“√∑¥≈Õß¡’
§«“¡ Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß Duran ·≈–§≥– (1999)

·≈– Solpan ·≈–§≥– (2003) ´÷Ëß»÷°…“°“√æÕßµ—«¢Õß
‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°∑’Ë‡µ√’¬¡‚¥¬„™â —¥ à«π
¢ÕßÕ–§√‘≈“‰¡¥åµàÕ°√¥Õ–§√‘≈‘°‡∑à“°—∫ 15/85  ∑”°“√
»÷°…“∑’Ë pH 3-8 æ∫«à“‰Œ‚¥√‡®≈¡’‡ªÕ√å‡´Áπµå°“√æÕßµ—«
‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ pH ‡æ‘Ë¡¢÷Èπ ·≈– Ÿß ÿ¥∑’Ë pH 8 ¡’°“√æÕßµ—«
‡∑à“°—∫ 3,000% ·≈– 2,700% µ“¡≈”¥—∫ ∑’Ë‡«≈“ 6,000

π“∑’ (100 ™—Ë«‚¡ß) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‰Œ‚¥√‡®≈Õ–§√‘≈“-
‰¡¥å/°√¥Õ–§√‘≈‘°∑’Ë‡µ√’¬¡‰¥âæ∫«à“‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/
°√¥Õ–§√‘≈‘°  (10/90)  ¡’°“√æÕßµ—«∑’Ë  pH  8  ‡∑à“°—∫
3,945% ∑’Ë‡«≈“ 96 ™—Ë«‚¡ß ´÷Ëß Ÿß°«à“·≈–„™â‡«≈“πâÕ¬°«à“
‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°¢Õß Duran ·≈–§≥–
(1999) ·≈– Solpan ·≈–§≥– (2003)

‡π◊ËÕß®“°‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°
∑’Ë¡’ —¥ à«π¢ÕßÕ–§√‘≈“‰¡¥åµàÕ°√¥Õ–§√‘≈‘° 10/90   ¡’
‡ªÕ√å‡´Áπµå°“√æÕßµ—« Ÿß„π “√≈–≈“¬∑ÿ° pH   ®÷ßπ”
‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘° (10/90) ‰ª»÷°…“À“
§à“§«“¡ “¡“√∂„π°“√¥Ÿ¥ —́∫ ’§√‘ µ—≈‰«‚Õ‡≈∑

3. ª√‘¡“≥πÈ” ¡¥ÿ≈

‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘° (10/90) ´÷Ëß¡’
°“√æÕßµ—« Ÿß ÿ¥„ππÈ”°≈—Ëπ   “√≈–≈“¬ pH 3, 5, 7 ·≈– 8
‡∑à“°—∫ 3000%, 700%, 3085%, 3575% ·≈– 3945%

µ“¡≈”¥—∫π—Èπ ¡’ª√‘¡“≥πÈ” ¡¥ÿ≈ Ÿß ÿ¥‡™àπ‡¥’¬«°—π §◊Õ
‡∑à“°—∫ 0.9697, 0.8750, 0.9686, 0.9728 ·≈– 0.9747

µ“¡≈”¥—∫ (Table 1)
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Figure 2.  Possible mechanism for AAm/AAc hydrogel formation using MBA as a crosslinker.
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Figure 3. Percent swelling in water of hydrogels at various proportions of AAm and AAc

as a function of time.

Figure 4. Percent swelling of AAm/AAc hydrogels as a function of time at pH 3 (A),

pH 5 (B), pH 7 (C) and pH 8 (D).

®“°§à“ª√‘¡“≥πÈ” ¡¥ÿ≈∑’Ë‰¥ấ ÷Ëß∑ÿ°§à“¡’§à“ Ÿß°«à“ 0.6

®÷ß°≈à“«‰¥â«à“‰Œ‚¥√‡®≈∑’Ë —ß‡§√“–Àå‰¥â‡ªìπ«— ¥ÿæÕ≈‘‡¡Õ√å
∑’Ë “¡“√∂π”‰ª„™âß“π„π¥â“πµà“ßÊ ‡™àπ °“√·æ∑¬å ‡¿ —™-
°√√¡  —µ«·æ∑¬å»“ µ√å ·≈–ª√–¬ÿ°µå„™â¥â“π°“√¥Ÿ¥πÈ”
µà“ßÊ (Karadag et al., 2002)

4. °“√¥Ÿ¥´—∫ ’§√‘ µ—≈‰«‚Õ‡≈∑

§«“¡¬“«§≈◊Ëπ∑’Ë§√‘ µ—≈‰«‚Õ‡≈∑ ¡’§à“°“√¥Ÿ¥°≈◊π
· ß Ÿß ÿ¥§◊Õ 590 nm ®“°°√“ø¡“µ√∞“π √–À«à“ß§à“°“√
¥Ÿ¥°≈◊π· ß°—∫§«“¡‡¢â¡¢âπ¢Õß§√‘ µ—≈‰«‚Õ‡≈∑  “¡“√∂
π”‰ªÀ“§à“§«“¡‡¢â¡¢âπ¢Õß ’§√‘ µ—≈‰«‚Õ‡≈∑∑’Ë‡À≈◊ÕÕ¬Ÿà„π
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Figure 5. AAm/AAc hydrogel (10/90) before (A) and after immersing in water at pH 3 (B),

pH 5 (C), pH 7 (D) and pH 8 (E) for 48 hours.

Figure 6.  Percent swelling of AAm/AAc hydrogels as a function of pH.

Table 1. Equilibrium water content (EWC) AAm/AAc hydrogels.

              Equilibrium water content of AAm/AAc hydrogels
   Medium

2.5/97.5 5/95 10/90 20/80 30/70 40/60 50/50

Distilled water 0.9225 0.9611 0.9697 0.9311 0.9129 0.8954 0.8933
pH 3 0.6645 0.7609 0.8750 0.6367 0.6275 0.5581 0.5586
pH 5 0.9052 0.9586 0.9686 0.9276 0.9120 0.8927 0.8911
pH 7 0.9459 0.9644 0.9728 0.9358 0.9398 0.9282 0.9235
pH 8 0.9666 0.9687 0.9747 0.9476 0.9443 0.9304 0.9301

 “√≈–≈“¬ (C
e
) ‰¥â ‚¥¬‡∑’¬∫®“° ¡°“√ y = 0.1689x +

0.0119 ·≈–§à“ R2 = 0.9998

4.1 ‡«≈“∑’Ë ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫

§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ ’§√‘ µ—≈‰«‚Õ‡≈∑
¢Õß‰Œ‚¥√‡®≈‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß§√‘ µ—≈‰«‚Õ‡≈∑
‡æ‘Ë¡¢÷Èπ·≈–‡√‘Ë¡‡¢â“ Ÿà ¿“«– ¡¥ÿ≈∑’Ë‡«≈“ 48 ™—Ë«‚¡ß (Fig-

ure 7) · ¥ß«à“‰Œ‚¥√‡®≈™π‘¥π’È “¡“√∂¥Ÿ¥ “√≈–≈“¬ ’
§√‘ µ—≈‰«‚Õ‡≈∑‰¥â‡µÁ¡∑’Ë‚¥¬„™â‡«≈“ª√–¡“≥ 48 ™—Ë«‚¡ß
À√◊Õ 2 «—π

4.2 pH ∑’Ë‡À¡“– ¡„π°“√¥Ÿ¥´—∫

®“° Figure 8 æ∫«à“‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/
°√¥Õ–§√‘≈‘° (10/90) ¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ ’‡æ‘Ë¡
¢÷Èπ‡¡◊ËÕ “√≈–≈“¬§√‘ µ—≈‰«‚Õ‡≈∑ ¡’ pH ‡æ‘Ë¡¢÷Èπ·≈– Ÿß ÿ¥
∑’Ë pH 7 ¡’§à“‡∑à“°—∫ 38.02 ¡°./°√—¡ ·µàÀ≈—ß®“°π—Èπ‡√‘Ë¡
≈¥≈ß Õ“®‡ªìπ‡æ√“–«à“‡¡◊ËÕ pH ‡æ‘Ë¡¢÷ÈπÀ¡Ÿà§“√å∫Õ°´‘≈‘°
 “¡“√∂·µ°µ—«‡ªìπª√–®ÿ≈∫‰¥â¥’¢÷Èπ®÷ß “¡“√∂®—∫°—∫ª√–®ÿ
∫«°¢Õß ’§√‘ µ—≈‰«‚Õ‡≈∑‰¥â‡æ‘Ë¡¢÷Èπ§«“¡ “¡“√∂„π°“√
¥Ÿ¥´—∫ ’®÷ß‡æ‘Ë¡¢÷Èπ (Solpan et al., 2003) ·µà∑’Ë pH ¡“°



Songklanakarin J. Sci. Technol.

Vol.28  No.2  Mar. - Apr. 2006 346

Synthesis and characterization of acrylamide/acrylic acid hydrogel

Klinpituksa, P., et al.

°«à“ 7 §«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ ’§√‘ µ—≈‰«‚Õ‡≈∑≈¥≈ß
‡ªìπ‡æ√“–«à“‰Œ‚¥√‡®≈¥Ÿ¥´—∫πÈ”‡æ‘Ë¡¢÷Èπ¥â«¬®÷ß∑”„Àâ§«“¡
 “¡“√∂„π°“√¥Ÿ¥´—∫ ’≈¥≈ß

≈—°…≥–ª√“°Æ¢Õß‰Œ‚¥√‡®≈À≈—ß®“°°“√¥Ÿ¥´—∫
 ’∑’Ë pH µà“ßÊ ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß · ¥ß„π Figure 9

4.3 §«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ Ÿß ÿ¥ (q
max

)

≈—°…≥–¢Õß‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°
°àÕπ·≈–À≈—ß®“°·™à„π “√≈–≈“¬ 2.5, 5, 10 ·≈– 15 ¡°./
≈‘µ√ §√‘ µ—≈‰«‚Õ‡≈∑∑’Ë pH 7 ¿“¬„µâ ¿“«–°“√°«π¥â«¬
§«“¡‡√Á« 125 rpm ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß
(Figure 10)

§à“§«“¡ “¡“√∂¥Ÿ¥´—∫ Ÿß ÿ¥  (q
max

)  ¢Õß

‰Œ‚¥√‡®≈ ·≈–§à“ Langmuir constant (k
l
) §”π«≥‰¥â

®“° ¡°“√ Langmuir isotherm  ÷́ËßÀ“§«“¡™—π¢Õß
°√“ø‡∑à“°—∫ 1/ q

max
 ·≈–®ÿ¥µ—¥·°π‡∑à“°—∫ k

l
/ q

max
 ®“°

 ¡°“√ y = 0.0086x + 0.0178  ´÷Ëß¡’§à“‡∑à“°—∫ 116.28

¡°./°√—¡ ·≈– 2.07 ¡°./≈‘µ√ µ“¡≈”¥—∫ (Figure 11)

®“° Figure 11 §à“ R2 ¢Õß ¡°“√¡’§à“‡∑à“°—∫
0.9929 ´÷Ëß‡ªìπ§à“∑’Ë„°≈â‡§’¬ß°—∫ 1 · ¥ß«à“°“√¥Ÿ¥´—∫ ’
§√‘ µ—≈‰«‚Õ‡≈∑¢Õß‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°
‡ªìπ‰ªµ“¡∑ƒ…Ø’°“√¥Ÿ¥´—∫¢Õß Langmuir  §◊Õ ‡ªìπ°“√
¥Ÿ¥´—∫·∫∫™—Èπ‡¥’¬« (monolayer)

°“√¥Ÿ¥ —́∫∑’Ë‡°‘¥¢÷Èπ√–À«à“ß‰Œ‚¥√‡®≈Õ–§√‘≈“-
‰¡¥å/°√¥Õ–§√‘≈‘°´÷Ëß¡’À¡Ÿà§“√å∫Õ°´‘≈‘°Õ¬Ÿà¡“°°—∫  ’§√‘ µ—≈

Figure 7. Adsorption capacity (mg/g) of AAm/AAc hydrogel (10/90) as a function of times

Condition: 50 mL of 5, 10 and 15 mg/L crystal violet solution, agitation speed

125 rpm at room temperature.

Figure 8. Effect of  pH on adsorption capacity of AAm/AAc hydrogel (10/90) for 10 mg/L

crystal violet under agitation of 125 rpm  at room temperature for 48 hours.
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‰«‚Õ‡≈∑´÷Ëß‡ªìπ ’¬âÕ¡·§∑‰ÕÕÕπ‘°∑’Ë¡’ª√–®ÿ‡¥’¬« (mono-

valent cationic dye) §“¥«à“‡°‘¥¢÷Èπ‡π◊ËÕß®“°Õ—πµ√°‘√‘¬“
∑“ß‰øøÑ“ ∂‘µ (electrostatic interaction) √–À«à“ßÀ¡Ÿà
§“√å∫Õ°´‘≈‘°´÷Ëß¡’ª√–®ÿ≈∫¢Õß°√¥Õ–§√‘≈‘°∑’Ë “¬‚´à¢Õß
‰Œ‚¥√‡®≈ °—∫ª√–®ÿ∫«°∫π‚¡‡≈°ÿ≈¢Õß‰π‚µ√‡®π∑’Ë¡’ª√–®ÿ
∫«°¢Õß§√‘ µ—≈‰«‚Õ‡≈∑  °√–∫«π°“√‡°‘¥ “√ª√–°Õ∫
‡™‘ß´âÕπ√–À«à“ß‰Œ‚¥√‡®≈°—∫§√‘ µ—≈‰«‚Õ‡≈∑∑’Ë§“¥«à“‡ªìπ
‰ª‰¥â (Figure 12) πà“®–‡°‘¥¢÷Èπ ‡™àπ‡¥’¬«°—∫°√≥’¢Õß

‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥¡“‡≈Õ‘°°—∫ ’¬âÕ¡·§∑‰ÕÕπ‘°
(Karadag et al., 2002)

 √ÿªº≈°“√∑¥≈Õß

‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°∑’Ë‡µ√’¬¡‚¥¬„™â
‚¡‚π‡¡Õ√åº ¡√–À«à“ßÕ–§√‘≈“‰¡¥å ·≈–°√¥Õ–§√‘≈‘°‚¥¬
 —¥ à«π¢ÕßÕ–§√‘≈“‰¡¥åµàÕ°√¥Õ–§√‘≈‘°‡∑à“°—∫ 2.5/97.5,

Figure 9. Characteristics of AAm/AAc hydrogel (10/90) before (A) and after adsorption of

10 mg/L crystal violet solution at pH 3 (B), 5 (C), 7(D), 8(E) and 9 (F) under agitation

speed of 125 rpm at room temperature for 48 hours.

Figure 10. Characteristics of AAm/AAc hydrogels (10/90) before (A) and after adsorption

of 2.5 (B), 5 (C), 10 (D) and 15 (E) mg/L crystal violet solution at pH 7 under

agitation of 125 rpm at room temperature for 48 hours.

Figure 11.  Relationship between C
eq

 /q
e
 and crystal violet concentration at equilibrium (C

eq
).
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5/95, 10/90, 20/80, 30/70, 40/60 ·≈– 50/50 µ“¡
≈”¥—∫  ‰Œ‚¥√‡®≈∑’Ë‰¥â¡’§«“¡·¢Áß·√ß ·≈–¬◊¥À¬ÿàπ Ÿß

‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°∑’Ë‡µ√’¬¡‚¥¬„™â
 —¥ à«π 10/90 ¡’°“√æÕßµ—« Ÿß ÿ¥„ππÈ”°≈—Ëπ ·≈–πÈ”∑’Ë¡’
pH 3, 5, 7 ·≈– 8 §◊Õ 3,200, 700, 3,085, 3,575 ·≈–
3,945% µ“¡≈”¥—∫  ·≈–¡’§à“ª√‘¡“≥πÈ” ¡¥ÿ≈  Ÿß ÿ¥„π
πÈ”°≈—Ëπ·≈– “√≈–≈“¬∑’Ë pH 3, 5, 7 ·≈– 8 §◊Õ 0.9697,

0.8750, 0.9686, 0.9728 ·≈– 0.9747 µ“¡≈”¥—∫
pH ¢Õß “√≈–≈“¬ ’§√‘ µ—≈‰«‚Õ‡≈∑¡’º≈µàÕ§«“¡

 “¡“√∂¥Ÿ¥´—∫¢Õß‰Œ‚¥√‡®≈Õ–§√‘≈“‰¡¥å/°√¥Õ–§√‘≈‘°
‰Œ‚¥√‡®≈¡’§«“¡ “¡“√∂¥Ÿ¥´—∫¥’∑’Ë ÿ¥∑’Ë pH 7   ‡«≈“∑’Ë
‡À¡“– ¡„π°“√¥Ÿ¥´—∫ ’ §◊Õ 48 ™—Ë«‚¡ß §à“§«“¡ “¡“√∂
¥Ÿ¥´—∫ Ÿß ÿ¥ (q

max
) ‡∑à“°—∫ 116.28 ¡°./°√—¡  ·≈–§à“

Langmuir constant (k
l
) ‡∑à“°—∫ 2.07 ¡°./≈‘µ√

°‘µµ‘°√√¡ª√–°“»

§≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥·ºπ°‡§¡’ ¿“§«‘™“«‘∑¬“-
»“ µ√å  §≥–«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’  ¡À“«‘∑¬“≈—¬
 ß¢≈“π§√‘π∑√å ∑’Ë π—∫ πÿπ·≈–„Àâ§«“¡ –¥«°„π°“√„™â
Õÿª°√≥å·≈–‡§√◊ËÕß¡◊Õ  ®π∑”„Àâß“π«‘®—¬π’È ”‡√Á®≈ÿ≈à«ß‰ª
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