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Dye-adsorption capacity of bituminous fly ash and its pozzolanic property

after used as dye-adsorbent
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Bituminous fly ash, which is an industrial waste, was used as an adsorbent to remove dyestuff from

the textile-dye wastewater. The batch kinetic and isotherm experiments of the synthetic wastewater were

firstly conducted to determine the adsorption behavior and optimal conditions for adsorption. The optimal

conditions were then applied to the actual textile-dye wastewater. Under the original conditions of fly ash and

wastewater, the results indicated that the color could be removed up to 86.65% by 12 g of the fly ash /L of

the wastewater within 30 min. Its adsorption was described by the Freundlich isotherm. The dye-adsorbed

fly ash was further studied on its pozzolanic property in terms of compressive strength by using it as a partial

substitute to Portland cement type I to produce mortar. The result revealed that the highest compressive

strength was of the sample containing 10% by weight of the dye-adsorbed fly ash in replacement of cement.

It possessed 215 kg/cm
2

 at 28 days, which is 92.67% of the sample containing 10% by weight of the original
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∑’Ë„™â„π°√–∫«π°“√∫”∫—¥ (Grau, 1991) ªí®®ÿ∫—πß“π«‘®—¬
∑“ß¥â“π°“√∫”∫—¥ ’πÈ”∑‘Èß‚√ßß“πøÕ°¬âÕ¡ºâ“ π‘¬¡„™â«‘∏’
°“√¥Ÿ¥ —́∫ (Karcher et al., 2001; Al-Ghouti et al.,

2003) ‚¥¬„™âµ—«¥Ÿ¥´—∫™π‘¥µà“ßÊ  µ—«¥Ÿ¥´—∫∑’Ë¡’ª√– ‘∑∏‘-
¿“æ Ÿß ÿ¥ ‰¥â·°à ∂à“π°—¡¡—πµå  ·µà¡’¢âÕ‡ ’¬§◊Õ √“§“·æß
(Voudrias et al., 2002)

‡∂â“∂à“πÀ‘π ‡ªìπ¢Õß‡ ’¬Õÿµ “À°√√¡∑’Ë‰¥â®“°°“√
‡º“∂à“πÀ‘π‡æ◊ËÕπ”§«“¡√âÕπ‰ª„™â„π°√–∫«π°“√º≈‘µ
°√–· ‰øøÑ“  ‡∂â“∂à“πÀ‘π∑’Ëπ”¡“„™â„πß“π«‘®—¬π’È‡ªìπ‡∂â“
∂à“πÀ‘π™π‘¥∫‘∑Ÿ¡‘π— ®“°®—ßÀ«—¥√–¬Õß  ®“°¢âÕ¡Ÿ≈¢Õß
‚√ßß“π„πªï æ.». 2546 æ∫«à“¡’ª√‘¡“≥∂÷ß 50,000 µ—π
®“°ß“π«‘®—¬¢Õß  Voudrias  ·≈–§≥– (2002)   æ∫«à“ ‡∂â“
∂à“πÀ‘π “¡“√∂¥Ÿ¥´—∫ ’¬âÕ¡™π‘¥√’·Õ§∑’ø‰¥â πÕ°®“°π—Èπ

fly ash in replacement of cement, or 83.33 of the cement mortar. For the environmental concern, leachabilities

of lead (Pb), chromium (Cr), copper (Cu) and zinc (Zn) from all mortars were also carried out. No leaching

of the heavy metals from any samples could be detected. Hence, the dye-adsorbed fly ash can be used as an

environmental friendly construction material.

Key words : fly ash, adsorption, pozzolan, compressive strength, leachability,
textile-dye wastewater
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‡∂â“∂à“πÀ‘π∫‘∑Ÿ¡‘π— ´÷Ëß‡ªìπ¢Õß‡ ’¬Õÿµ “À°√√¡‰¥âπ”¡“„™â‡ªìπµ—«¥Ÿ¥´—∫ ’øÕ°¬âÕ¡ºâ“¬’π å ‚¥¬„π‡∫◊ÈÕßµâπ

„™âπÈ” ’ —ß‡§√“–Àå„π°“√»÷°…“æƒµ‘°√√¡°“√¥Ÿ¥´—∫ ’·≈–À“ ¿“«–∑’Ë‡À¡“– ¡„π°“√¥Ÿ¥´—∫ ’¢Õß‡∂â“∂à“πÀ‘π ®“°π—Èπ

®÷ßπ”§à“∑’Ë‰¥â¡“„™â∑¥≈Õß°—∫πÈ”∑‘Èß¢Õß‚√ßß“πøÕ°¬âÕ¡ºâ“¬’π å   º≈°“√»÷°…“æ∫«à“‡∂â“∂à“πÀ‘π 12 °√—¡/πÈ”∑‘Èß 1 ≈‘µ√

 “¡“√∂°”®—¥ ’‰¥â∂÷ß 86.65% „π‡«≈“ 30 π“∑’ ‚¥¬‰¡àµâÕßª√—∫ª√ÿß§ÿ≥¿“æ„¥Ê ¢Õß∑—Èß‡∂â“∂à“πÀ‘π·≈–πÈ”∑‘Èß ’°àÕπ

‚¥¬ ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫ ’‡ªìπ·∫∫ Freundlich Isotherm ‡¡◊ËÕπ”‡∂â“∂à“πÀ‘π¿“¬À≈—ß¥Ÿ¥´—∫ ’¬âÕ¡·≈â«¡“„™â·∑π∑’Ë

ªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1 ∑’ËÕ—µ√“ à«πµà“ßÊ ‡æ◊ËÕ»÷°…“§ÿ≥ ¡∫—µ‘ªÕ´‚´≈“π‚¥¬º≈‘µ‡ªìπ¡Õ√åµâ“√åæ∫«à“

§à“°”≈—ß√—∫·√ßÕ—¥ Ÿß∑’Ë ÿ¥‡¡◊ËÕ·∑π∑’Ë∑’Ë 10% ‚¥¬πÈ”Àπ—° ´÷Ëß¡’§à“‡∑à“°—∫ 215 °°./µ√.´¡. ∑’ËÕ“¬ÿ∫à¡ 28 «—π §‘¥‡ªìπ

92.67% ¢Õß¡Õ√åµâ“√å∑’Ë„™â‡∂â“∂à“πÀ‘πª°µ‘·∑π∑’ËªŸπ´’‡¡πµå∑’ËÕ—µ√“ à«π‡¥’¬«°—π À√◊Õ 83.33% ¢Õß¡Õ√åµâ“√å∑’Ë„™âªŸπ

´’‡¡πµå≈â«π  ‡¡◊ËÕ»÷°…“°“√™–≈â“ß¢Õß‚≈À–Àπ—°‡ªìπæ‘…∑’Ë¡’Õ¬Ÿà„π ’¬âÕ¡ºâ“  ´÷Ëß‰¥â·°à  µ–°—Ë«  (Pb)  ‚§√‡¡’¬¡  (Cr)

∑Õß·¥ß (Cu) ·≈– —ß°– ’ (Zn) ®“°¡Õ√åµâ“√åæ∫«à“‰¡à¡’°“√™–≈–≈“¬¢Õß‚≈À–Àπ—°‡À≈à“π’È‡°‘¥¢÷Èπ ¥—ßπ—Èπ¡Õ√åµâ“√åπ’È

®÷ß “¡“√∂π”‰ª„™âß“π‰¥â®√‘ß‚¥¬‰¡à àßº≈°√–∑∫µàÕ ‘Ëß·«¥≈âÕ¡

Õÿµ “À°√√¡øÕ°¬âÕ¡·≈– ‘Ëß∑Õ¡’°“√„™âπÈ”„π
°√–∫«π°“√º≈‘µ®”π«π¡“° ·≈–„π°“√øÕ°¬âÕ¡·µà≈–
§√—Èß®–‡°‘¥°“√ Ÿ≠‡ ’¬ ’¬âÕ¡‰ªª√–¡“≥ 50% ‡π◊ËÕß®“°
 ’¬âÕ¡ºâ“∑’Ë„™â°—πÕ¬Ÿà„πªí®®ÿ∫—π´÷Ëß‡ªìπ ’ª√–‡¿∑√’·Õ§∑’ø
(Reactive Dyes) ‡°‘¥‰Œ‚¥√‰≈´‘ °—∫À¡Ÿà‰Œ¥√Õ°´‘≈¢Õß
‚¡‡≈°ÿ≈πÈ”‰¥â¥’°«à“¢Õß‚¡‡≈°ÿ≈ ’ (Pearce et al., 2003)

πÈ”∑‘Èß∑’Ëªπ‡ªóôÕπ¥â«¬ ’øÕ°¬âÕ¡ æ∫«à“∑”°“√∫”∫—¥‰¥â
§àÕπ¢â“ß¬“° °“√„™â√–∫∫µ–°Õπ‡√àß (activated sludge)

√à«¡°—∫‚§·Õ°§Ÿ‡≈™—Ëπ (coagulation) À√◊Õ‚§·Õ°§Ÿ‡≈™—Ëπ
√à«¡°—∫ÕÕ°´‘‡¥™—Ëπ∑“ß‡§¡’ (chemical oxidation) ´÷Ëß„™â
°—πÕ¬Ÿà∑—Ë«‰ªπ—Èπ æ∫«à“¬—ß¡’ª√– ‘∑∏‘¿“æµË”Õ¬Ÿà‡π◊ËÕß®“°
 ’øÕ°¬âÕ¡¬àÕ¬ ≈“¬‰¥â¬“° Õ’°∑—Èß¬—ßæ∫«à“°“√≈¥≈ß¢Õß
 ’¢ÕßπÈ”∑‘Èßπ—Èπ ·∑â®√‘ß·≈â«‡°‘¥®“°°“√¥Ÿ¥´—∫ ’¢Õß®ÿ≈™’æ



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 26 (©∫—∫æ‘‡»… 1) 2547 :
 ‘Ëß·«¥≈âÕ¡·≈–¢Õß‡ ’¬Õ—πµ√“¬

87

§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ ’·≈–§ÿ≥ ¡∫—µ‘ªÕ´‚´≈“π

¢Õß‡∂â“∂à“πÀ‘π∫‘∑Ÿ¡‘π— 

‡¡µµ“  ‡æÁ≠º≈‡®√‘≠

‡∂â“∂à“πÀ‘π¬—ß “¡“√∂π”¡“„™â‡ªìπ«— ¥ÿº ¡‡æ‘Ë¡„πß“π
§Õπ°√’µµà“ßÊ ‰¥â¥â«¬‡π◊ËÕß®“°¡’¢âÕ¥’À≈“¬ª√–°“√ ‡™àπ
‡æ‘Ë¡°”≈—ß√—∫·√ßÕ—¥®“°ªØ‘°‘√‘¬“ªÕ´‚´≈“π (Erdogdu

and T˙̇ur ker, 1998; Isaia et al., 2003) §«“¡∑π∑“π
µàÕ´—≈‡øµ  (∫ÿ√©—µ√ ·≈– ≥√ß§å»—°¥‘Ï,  2546;  ª√‘≠≠“
·≈–§≥–, 2546)  §«“¡∑π∑“πµàÕ°√¥ (Õ”π“®, 2540;

∫ÿ√©—µ√ ·≈– ≥√ß§å»—°¥‘Ï, 2546)   §«“¡∑π∑“πµàÕ§«“¡
‡§Á¡ (§≈Õ‰√¥å) ·≈–°“√‡°‘¥ π‘¡ ( ÿ«‘¡≈ ·≈–§≥–, 2546;

Benjamin et al., 2000) ‡ªìπµâπ
∫∑§«“¡π’Èπ”‡ πÕ°“√∑¥≈Õßπ”‡∂â“∂à“πÀ‘π™π‘¥

∫‘∑Ÿ¡‘π— ¡“„™â‡ªìπµ—«¥Ÿ¥ —́∫ ’¬âÕ¡ºâ“¬’π å·≈â«π”‡∂â“∂à“πÀ‘π
¿“¬À≈—ß°“√¥Ÿ¥´—∫ ’·≈â«‰ª∑¥≈Õß„™â‡ªìπ«— ¥ÿº ¡‡æ‘Ë¡
·∑π∑’Ë°“√„™âªŸπ´’‡¡πµå‡æ◊ËÕº≈‘µ¡Õ√åµâ“√å ‡π◊ËÕß®“°æ∫«à“
‡∂â“∂à“πÀ‘π™π‘¥π’È¡’§ÿ≥ ¡∫—µ‘ªÕ´‚´≈“π (‡¡µµ“, 2546;

∏’√∑√—æ¬å ·≈–§≥–, 2546)   ¥â«¬«‘∏’°“√π’È®–™à«¬„Àâ°“√
∫”∫—¥ ’πÈ”∑‘Èß‚√ßß“πøÕ°¬âÕ¡‡ªìπ°“√°”®—¥ ’Õ¬à“ß∂“«√‰¥â
·≈–¬—ß‡ªìπ°“√π”‡∂â“∂à“πÀ‘π¡“„™âª√–‚¬™πåÕ¬à“ß§ÿâ¡§à“Õ’°
¥â«¬

«— ¥ÿ Õÿª°√≥å·≈–«‘∏’°“√»÷°…“

«— ¥ÿ∑’Ë„™â

‡∂â“∂à“πÀ‘ππ”¡“®“°‚√ßº≈‘µ°√–· ‰øøÑ“„π‡¢µ
®—ßÀ«—¥√–¬Õß·≈–π”¡“„™â‚¥¬‰¡à¡’°“√ª√—∫ª√ÿß§ÿ≥¿“æ„¥Ê
∑—Èß ‘Èπ ‡™àπ ‰¡à¡’°“√∫¥À√◊Õ§—¥·¬°¢π“¥ ∑”°“√«‘‡§√“–Àå
§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß‡∂â“∂à“πÀ‘π∫‘∑Ÿ¡‘π—  ÷́Ëß‰¥â·°à
°“√À“¢π“¥Õπÿ¿“§¥â«¬‡§√◊ËÕß Malvern Mastersizer

°“√«‘‡§√“–Àå≈—°…≥–·≈–√Ÿª√à“ß¢ÕßÕπÿ¿“§‚¥¬°“√∂à“¬
¿“æ¢¬“¬°”≈—ß Ÿß¥â«¬‡§√◊ËÕß scanning electron micro-

scope (SEM) °“√À“§à“§«“¡≈–‡Õ’¬¥¥â«¬«‘∏’ Air Blaine

permeability µ“¡¡“µ√∞“π ASTM C204 (1997) ·≈–
°“√«‘‡§√“–Àå§ÿ≥ ¡∫—µ‘∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π∫‘∑Ÿ¡‘π— ¥â«¬
«‘∏’ X-ray fluorescence (XRF)

πÈ” ’ —ß‡§√“–Àå‰¥â√—∫Õπÿ‡§√“–Àå®“°‚√ßß“πøÕ°
¬âÕ¡ºâ“¬’π å·ÀàßÀπ÷Ëß ´÷Ëßº ¡¢÷Èπ‡æ◊ËÕ„™âøÕ°¬âÕ¡®√‘ß¥â«¬
§«“¡‡¢â¡¢âπ¢Õß ’ Benecion dyestuff 15 ¡°./≈‘µ√
( ’°≈ÿà¡√’·Õ§∑’ø)  à«ππÈ”∑‘Èß π”¡“®“°πÈ”∑‘Èß¢Õß‚√ßß“π

øÕ°¬âÕ¡ºâ“¬’π å·Ààß‡¥’¬«°—ππ’È   ‚¥¬‡°Á∫µ—«Õ¬à“ßπÈ”∑‘Èß
®“°∫àÕª√—∫ ¿“æ´÷Ëß‡ªìπ∫àÕπÈ”∑‘Èß√«¡·≈–æ—°„Àâ‡»…À√◊Õ
‡ âπ„¬ºâ“µ°µ–°Õπ ∑”°“√«‘‡§√“–Àå≈—°…≥– ¡∫—µ‘¢ÕßπÈ”
 ’ —ß‡§√“–Àå·≈–πÈ”∑‘Èß ´÷Ëß‰¥â·°à §à“ pH ·≈–§à“§«“¡¬“«
§≈◊Ëπ Ÿß ÿ¥∑’ËπÈ” ’∂Ÿ°¥Ÿ¥°≈◊π¥â«¬‡§√◊ËÕß UV-visible spec-

trophotometer ‡æ◊ËÕ„™â„π°“√§”π«≥ª√‘¡“≥ ’

°“√»÷°…“§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ ’¢Õß‡∂â“∂à“πÀ‘π

‡π◊ËÕß®“°πÈ”∑‘Èß ’¬âÕ¡¡’ ‘Ëßªπ‡ªóôÕπÕ◊ËπÊ À≈“¬™π‘¥
ß“π»÷°…“«‘®—¬π’È®÷ß„™âπÈ” ’ —ß‡§√“–Àå„π°“√»÷°…“√Ÿª·∫∫
¢Õß ¡¥ÿ≈°“√¥Ÿ¥´—∫ ’¢Õß‡∂â“∂à“πÀ‘π   ‚¥¬∑¥≈ÕßÀ“
ª√‘¡“≥‡∂â“∂à“πÀ‘π∑’Ë‡À¡“– ¡„π°“√¥Ÿ¥ —́∫ ’πÈ” ’ —ß‡§√“–Àå
°àÕπ ®“°π—Èππ”º≈∑’Ë‰¥â¡“»÷°…“√–¬–‡«≈“ —¡º— ‡æ◊ËÕ‡¢â“ Ÿà
 ¿“«– ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫ ’ ·≈–»÷°…“√Ÿª·∫∫¢Õß ¡¥ÿ≈
°“√¥Ÿ¥´—∫ ’ (adsorption isotherm) „π°“√∑¥≈Õß·µà≈–
§√—Èß„™â™ÿ¥‡§√◊ËÕß¡◊Õ®“√å‡∑ µå (Jar Test) ´÷Ëß§«∫§ÿ¡§«“¡
‡√Á«¢Õß°“√°«π —¡º— „Àâ§ß∑’Ë∑’Ë 100 √Õ∫/π“∑’ ·≈–∑”°“√
»÷°…“∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß‡∂â“∂à“πÀ‘π®–
∂Ÿ°°√ÕßÕÕ°  à«ππÈ”„ π”‰ª«‘‡§√“–Àåª√‘¡“≥ ’∑’Ë‡À≈◊ÕÕ¬Ÿà
¥â«¬‡§√◊ËÕß UV-visible spectrophotometer „π¢—ÈπµÕπ
µàÕ‰ª‰¥â∑”°“√∑¥≈ÕßÀ“ª√– ‘∑∏‘¿“æ°“√¥Ÿ¥ —́∫ ’¢Õß
πÈ”∑‘Èß‚√ßß“πøÕ°¬âÕ¡ºâ“¬’π å  ‚¥¬„™â ¿“«–µà“ßÊ ∑’Ë‰¥â
®“°°“√»÷°…“°“√¥Ÿ¥´—∫ ’πÈ” ’ —ß‡§√“–Àå

°“√»÷°…“§ÿ≥ ¡∫—µ‘ªÕ´‚´≈“π¢Õß‡∂â“∂à“πÀ‘π

¡Õ√åµâ“√å (§Õπ°√’µ∑’Ë¡’ à«πº ¡¢ÕßªŸπ´’‡¡πµå ∑√“¬
·≈–πÈ”) ∑ÿ°µ—«Õ¬à“ß „™âÕ—µ√“ à«πªŸπ´’‡¡πµå:∑√“¬ §ß∑’Ë
∑’Ë 1:2.75 ‚¥¬πÈ”Àπ—°  µ“¡¡“µ√∞“π ¡Õ°.15 ‡≈à¡ 12

(2532) ·≈–Õ—µ√“ à«ππÈ”µàÕªŸπ´’‡¡πµå§ß∑’Ë∑’Ë 0.63 ´÷Ëß¡’
§«“¡ “¡“√∂‡∑‰¥âµ“¡¡“µ√∞“π ASTM C109 (1997)

À≈àÕ¡Õ√åµâ“√å¢π“¥ 5×5×5 ´¡. ‚¥¬„™â‡∂â“∂à“πÀ‘π·∑π∑’Ë
ªŸπ ’́‡¡πµå 0, 10, 20, 30, 40 ·≈– 50% ‚¥¬πÈ”Àπ—°
®“°π—Èππ”‰ª∫à¡„πÀâÕß™◊Èπ 24 ™—Ë«‚¡ß ®÷ß∂Õ¥·∫∫ÕÕ°
π”‰ª∫à¡µàÕ„ππÈ” –Õ“¥ ·≈–∑”°“√∑¥ Õ∫°”≈—ß√—∫·√ß
Õ—¥∑’ËÕ“¬ÿ∫à¡ 7, 14, 28, 56 ·≈– 90 «—π µ“¡«‘∏’ ASTM

C109 (1997) ¥â«¬‡§√◊ËÕß Universal Testing Machine

(UTM) µ—«Õ¬à“ß∑’Ë∑ÿ°Õ—µ√“°“√·∑π∑’Ë·≈–∑ÿ°Õ“¬ÿ∫à¡®–
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‡µ√’¬¡¢÷ÈπÕ¬à“ß≈– 5 °âÕπ Table 1 · ¥ß™◊ËÕ‡√’¬°µ—«Õ¬à“ß
·≈– à«πº ¡¢Õß·µà≈–µ—«Õ¬à“ß ( —≠≈—°…≥å∑’Ë„™â‡√’¬°™◊ËÕµ—«
Õ¬à“ß¡’¥—ßπ’È STD À¡“¬∂÷ß ¡Õ√åµâ“√å∑’Ë„™âªŸπ´’‡¡πµå≈â«π
(‰¡à¡’‡∂â“∂à“πÀ‘π) ·≈–„™â‡ªìπ¡Õ√åµâ“√å¡“µ√∞“π  O À¡“¬
∂÷ß ¡Õ√åµâ“√å∑’Ë„™â‡∂â“∂à“πÀ‘πª°µ‘·∑π∑’ËªŸπ´’‡¡πµå ·≈– D

À¡“¬∂÷ß ¡Õ√åµâ“√å∑’Ë„™â‡∂â“∂à“πÀ‘πÀ≈—ß¥Ÿ¥´—∫ ’·∑π∑’ËªŸπ
´’‡¡πµå   à«πµ—«‡≈¢∑â“¬Õ—°…√ À¡“¬∂÷ß ª√‘¡“≥√âÕ¬≈–
‚¥¬πÈ”Àπ—°¢Õß‡∂â“∂à“πÀ‘π∑’Ë„™â·∑π∑’ËªŸπ´’‡¡πµå)

°“√»÷°…“°“√™–≈â“ß¢Õß‚≈À–Àπ—°®“°¡Õ√åµâ“√å

µ—«Õ¬à“ß¡Õ√åµâ“√å¿“¬À≈—ß∑¥ Õ∫°”≈—ßÕ—¥·≈â«
π”¡“∑¥ Õ∫°“√™–≈–≈“¬¢Õßµ–°—Ë« (Pb) ‚§√‡¡’¬¡ (Cr)

∑Õß·¥ß (Cu) ·≈– —ß°– ’ (Zn) ´÷Ëß‡ªìπ‚≈À–Àπ—°‡ªìπæ‘…
∑’Ëªπ‡ªóôÕπÕ¬Ÿà„ππÈ”∑‘Èß‚√ßß“πøÕ°¬âÕ¡ºâ“π’È  ‚¥¬π”¡“
 °—¥¥â«¬«‘∏’ °—¥ “√∑’Ë ¿“«– pH 5 µ“¡ª√–°“»°√–∑√«ß
Õÿµ “À°√√¡ ©∫—∫∑’Ë 6 æ.». 2540 ®“°π—Èππ”πÈ”∑’Ë °—¥‰¥â
¡“«‘‡§√“–Àåª√‘¡“≥‚≈À–Àπ—°¥â«¬«‘∏’ atomic absorption

spectrometry (AAS)

º≈°“√»÷°…“·≈–°“√«‘‡§√“–Àåº≈

§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ·≈–∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π∫‘∑Ÿ¡‘π— 

º≈°“√«‘‡§√“–Àå≈—°…≥–√Ÿª√à“ß¢Õß‡∂â“∂à“πÀ‘π¥â«¬
¿“æ∂à“¬¢¬“¬°”≈—ß Ÿß· ¥ß„π Figure 1 ´÷Ëß®–‡ÀÁπ‰¥â«à“

‡∂â“∂à“πÀ‘π™π‘¥π’È¡’¢π“¥‡≈Á° ¡’√Ÿª√à“ßÀ≈“¬·∫∫‰¡à·πàπÕπ
·≈–¡’√Ÿæ√ÿπ¡“° (Figure 1: A)  ®“°°“√«‘‡§√“–Àå¢π“¥
Õπÿ¿“§¥â«¬‡§√◊ËÕß Malvern Mastersizer æ∫«à“ ‡∂â“
∂à“πÀ‘π¡’¢π“¥‡©≈’Ë¬ 42.97 ‰¡‚§√‡¡µ√   ·≈–¡’§«“¡
≈–‡Õ’¬¥ Air Blaine ‡∑à“°—∫ 3,900 µ√.´¡./°√—¡ §ÿ≥ ¡∫—µ‘
‡À≈à“π’È¬àÕ¡ àßº≈µàÕ§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ ’

º≈°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π
‡ª√’¬∫‡∑’¬∫°—∫¢ÕßªŸπ´’‡¡πµå· ¥ß„π Table 2 ´÷Ëß®–
‡ÀÁπ«à“‡∂â“∂à“πÀ‘π¡’ÕÕ°‰´¥åÀ≈—°§◊Õ ‘́≈‘°“ (SiO

2
) ·≈–

Õ≈Ÿ¡‘π“ (Al
2
O

3
)   à«πªŸπ ’́‡¡πµåπ—Èπ¡’ÕÕ°‰´¥åÀ≈—°§◊Õ

·§≈‡´’¬¡ÕÕ°‰´¥å (CaO)

≈—°…≥– ¡∫—µ‘¢ÕßπÈ” ’ —ß‡§√“–Àå·≈–πÈ”∑‘Èß‚√ßß“πøÕ°

¬âÕ¡ºâ“¬’π å

πÈ” ’ —ß‡§√“–Àå¡’≈—°…≥–„    ’¡à«ß·¥ß  ¡’§à“ pH

‡∑à“°—∫ 6.50  ·≈–§à“°“√¥Ÿ¥°≈◊π ’ (absorbance) ‡∑à“°—∫
0.172 ∑’Ë§«“¡¬“«§≈◊Ëπ Ÿß ÿ¥ 539 π“‚π‡¡µ√  à«ππÈ”∑‘Èß
‚√ßß“πøÕ°¬âÕ¡ æ∫«à“¡’§à“ pH „°≈â‡§’¬ß°—π§◊Õ 6.73

·µà§à“°“√¥Ÿ¥°≈◊π ’‡ªìπ 0.478  ∑’Ë§«“¡¬“«§≈◊Ëπ Ÿß ÿ¥
522 π“‚π‡¡µ√ ≈—°…≥–πÈ”∑‘Èß¢ÿàπ ·≈–¡’ ’‚∑ππÈ”µ“≈·¥ß

§à“°“√¥Ÿ¥°≈◊π ’·≈–§à“§«“¡¬“«§≈◊Ëπ Ÿß ÿ¥∑’Ë
·µ°µà“ß°—π√–À«à“ßπÈ” ’ —ß‡§√“–Àå·≈–πÈ”∑‘Èß‚√ßß“πøÕ°
¬âÕ¡ ‡π◊ËÕß®“°„ππÈ”∑‘Èß¡’°“√ªπ‡ªóôÕπ¢Õß “√µà“ßÊ ∑’Ë„™â
„π°√–∫«π°“√¬âÕ¡ √«¡∑—Èß‡»…ºâ“·≈–‡ âπ„¬ºâ“µà“ßÊ ´÷Ëß

Table 1.  Sample name and its composition.

            Binder (g)

Cement Original Fly Ash Dye-Adsorbed Fly Ash

    STD 56.0 - - 154 35
    O10 50.4 5.6 - 154 35
    O20 44.8 11.2 - 154 35
    O30 39.2 16.8 - 154 35
    O40 33.6 22.4 - 154 35
    O50 28.0 28.0 - 154 35
    D10 50.4 - 5.6 154 35
    D20 44.8 - 11.2 154 35
    D30 39.2 - 16.8 154 35
    D40 33.6 - 22.4 154 35
    D50 28.0 - 28.0 154 35

Sample Sand (g)     Water (g)
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≈â«π¡’º≈µàÕ§à“°“√¥Ÿ¥°≈◊π ’∑—Èß ‘Èπ ¥â«¬‡Àµÿπ’È®÷ß‰¡à “¡“√∂
«‘‡§√“–Àåª√‘¡“≥ ’∑’Ë¡’Õ¬Ÿà„ππÈ”∑‘Èß‡√‘Ë¡µâπ°àÕπ°“√∑¥≈Õß‰¥â

ª√‘¡“≥‡∂â“∂à“πÀ‘π∑’Ë‡À¡“– ¡„π°“√¥Ÿ¥´—∫ ’πÈ” ’ —ß‡§√“–Àå

®“°°“√∑¥≈Õß‚¥¬„™â‡∂â“∂à“πÀ‘πª√‘¡“≥µà“ßÊ „π
™à«ß 0-20 °√—¡/πÈ” ’ —ß‡§√“–Àå 1 ≈‘µ√ ·≈–°«π∑’Ë§«“¡
‡√Á«¢Õß°“√°«π —¡º—  100 √Õ∫/π“∑’ ‡ªìπ‡«≈“π“π 1

™—Ë«‚¡ß ‰¥â°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥‡∂â“
∂à“πÀ‘π∑’Ë„™â°—∫√âÕ¬≈–°“√°”®—¥ ’¥—ß„π Figure 2 ´÷Ëßæ∫«à“

ª√‘¡“≥‡∂â“∂à“πÀ‘π∑’Ë‡À¡“– ¡§◊Õ 12 °√—¡/≈‘µ√  ‚¥¬¡’
ª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’∂÷ß 88.14% πÈ” ’¿“¬À≈—ß°“√
¥Ÿ¥´—∫π’È‡¡◊ËÕ —ß‡°µ‚¥¬°“√¡Õß æ∫«à“¡’≈—°…≥–„  ‰¡à¡’ ’
°“√‡æ‘Ë¡ª√‘¡“≥‡∂â“∂à“πÀ‘π¡“°°«à“ 12 °√—¡/≈‘µ√ ∂÷ß·¡â
®–™à«¬„Àâ°“√≈¥≈ß¢Õß ’‡æ‘Ë¡ Ÿß¢÷Èπ ·µàª√– ‘∑∏‘¿“æ¢Õß
°“√°”®—¥ ’µàÕÀπà«¬µ—«¥Ÿ¥´—∫¡’§à“µË”≈ß¡“°´÷Ëß‰¡à§ÿâ¡µàÕ
§à“„™â®à“¬„π°“√·¬°‡∂â“∂à“πÀ‘πÀ≈—ß°“√¥Ÿ¥ —́∫ ’ÕÕ°®“°
πÈ”∑‘Èß

Figure 1. Size, shape and texture of the bituminous fly ash:

(A) Original  and  (B) Dye-adsorbed.

(A) (B)

Table 2. Chemical compositions of the bituminous fly ash and Portland

cement type I (% by weight).

   Chemical Content Bituminous Fly Ash Portland Cement Type I

SiO
2

38.65 20.26
Al

2
O

3
22.69 5.99

Fe
2
O

3
7.90 3.10

CaO 18.08 64.99
MgO 2.43 0.91
Na

2
O 1.20 0.07

K
2
O 1.62 0.50

SO
3

0.06 2.70
Others 1.45 1.38
Loss On Ignition (LOI) 5.92 0.10
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√–¬–‡«≈“ —¡º— ‡æ◊ËÕ‡¢â“ Ÿà ¿“«– ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫ ’

°“√∑¥≈Õßπ’È„™âª√‘¡“≥‡∂â“∂à“πÀ‘π 12 °√—¡/πÈ” ’
 —ß‡§√“–Àå 1 ≈‘µ√ ·≈–°«π∑’Ë§«“¡‡√Á«¢Õß°“√°«π —¡º— 
100 √Õ∫/π“∑’ ‡ªìπ√–¬–‡«≈“ 0-60 π“∑’ ‰¥â°√“ø· ¥ß
§«“¡ —¡æ—π∏å√–À«à“ß‡«≈“∑’Ë„™â„π°“√¥Ÿ¥´—∫ ’°—∫√âÕ¬≈–
°“√°”®—¥ ’¥—ß„π Figure 3 ´÷Ëßæ∫«à“°“√¥Ÿ¥´—∫ ’¢Õß‡∂â“
∂à“πÀ‘π®–‡¢â“ Ÿà ¿“«– ¡¥ÿ≈¿“¬„π‡«≈“‡æ’¬ß 30 π“∑’
·≈–∑’Ë ¿“«–π’È®–„Àâª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’∂÷ß 88.06%

‰Õ‚´‡∑Õ¡¢Õß°“√¥Ÿ¥´—∫ ’ (Adsorption Isotherms)

Õ—πµ°√‘¬“ (interaction) √–À«à“ßµ—«¥Ÿ¥´—∫ (ad-

sorbent) ·≈– “√∂Ÿ°¥Ÿ¥´—∫ (adsorbent)  “¡“√∂Õ∏‘∫“¬

‰¥â¥â«¬‰Õ‚´‡∑Õ¡¢Õß°“√¥Ÿ¥ —́∫ ÷́Ëß·∫∫®”≈Õß∑’Ëπ‘¬¡„™â
„π°“√«‘‡§√“–Àå°√≥’¢Õß ’øÕ°¬âÕ¡¡’ 2 √Ÿª·∫∫ ‰¥â·°à
Langmuir isotherm  ·≈–  Freundlich isotherm

(Voudrias et al., 2002; Aygun et al., 2003) ¥—ß ¡°“√
∑’Ë (1) ∂÷ß ¡°“√∑’Ë (4)

Langmuir Isotherm:

C
s

= x/m = (abC
e
)/(1+bC

e
) (1)

À√◊Õ C
e
/C

s
= (1/ab) + (C

e
/a) (2)

Freundlich Isotherm:

C
s

= x/m = K
F
C

e

1/n (3)

À√◊Õ ln C
s

= ln K
F
 + (1/n) ln C

e
(4)

Figure 2.  Effect of fly ash dosage on dye adsorption.

Figure 3.  Kinetic of color removal by 12 g/L of the fly ash.
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‡¡◊ËÕ C
s

§◊Õ ¡«≈¢Õß ’∑’Ë∂Ÿ°¥Ÿ¥´—∫µàÕ¡«≈¢Õß‡∂â“
∂à“πÀ‘π

C
e

§◊Õ §«“¡‡¢â¡¢âπ¢Õß ’∑’Ë‡À≈◊ÕÕ¬Ÿà„ππÈ” ’
≥  ¿“«– ¡¥ÿ≈, ¡°./≈‘µ√

x §◊Õ ¡«≈¢Õß ’∑’Ë∂Ÿ°¥Ÿ¥ —́∫‚¥¬‡∂â“∂à“πÀ‘π,  ¡°.
m §◊Õ ¡«≈¢Õß‡∂â“∂à“πÀ‘π, ¡°.
a §◊Õ §à“§ß∑’Ë
b §◊Õ §à“ —¡ª√– ‘∑∏‘Ï°“√Õ‘Ë¡µ—«, ≈‘µ√/¡°.
K

F
§◊Õ §à“ —¡ª√– ‘∑∏‘Ï°“√¥Ÿ¥´—∫¢Õß Freundlich

n §◊Õ §à“ —¡ª√– ‘∑∏‘Ï®“°°“√∑¥≈Õß

Langmuir isotherm ‡ªìπ√Ÿª·∫∫¢Õß°“√¥Ÿ¥´—∫
·∫∫™—Èπ‡¥’¬« (monolayer) ∫πæ◊Èπº‘«·∫∫‡Õ°æ—π∏ÿå

(homogeneous surface) ¢Õßµ—«¥Ÿ¥´—∫ ·≈– “√∂Ÿ°¥Ÿ¥´—∫
‰¡à¡’Õ—πµ°√‘¬“√–À«à“ß°—π   à«π Freundlich isotherm

π—Èπ‡ªìπ√Ÿª·∫∫¢Õß°“√¥Ÿ¥´—∫·∫∫À≈“¬™—Èπ (multilayer)

§◊ÕπÕ°®“°‚¡‡≈°ÿ≈¢Õß “√∂Ÿ°¥Ÿ¥´—∫®–¡’Õ—πµ°√‘¬“°—∫º‘«
¢Õßµ—«¥Ÿ¥´—∫·≈â« ¬—ß¡’Õ—πµ°√‘¬“°—π‡Õß√–À«à“ß‚¡‡≈°ÿ≈„π
™—Èπ∂—¥‰ª¥â«¬ ®÷ß∑”„Àâ®”π«π™—Èπ¢Õß°“√¥Ÿ¥µ‘¥¡’‰¥â‰¡à®”°—¥
À√◊ÕÕ“®‡°‘¥®“°°“√¥Ÿ¥´—∫·∫∫™—Èπ‡¥’¬«∑’Ë¡“´âÕπ∑—∫°—π
Õ—π‡π◊ËÕß¡“®“°‚§√ß √â“ß∑’Ë´—∫´âÕπ¢Õß‚¡‡≈°ÿ≈¢Õß “√∂Ÿ°
¥Ÿ¥´—∫  ‡ªìπ‡Àµÿ„Àâæ≈—ßß“π∑’Ë·À≈àßæ—π∏– (binding sites)

¡’§à“·µ°µà“ß°—π (Aygun et al., 2003)

¢âÕ¡Ÿ≈®“°°“√∑¥≈Õß‡¡◊ËÕπ”¡“‡¢’¬π°√“ø· ¥ß
§«“¡ —¡æ—π∏åµ“¡ ¡°“√∑’Ë (2) ·≈– (4) ‰¥â°√“ø¥—ß„π
Figures 4 ·≈– 5 µ“¡≈”¥—∫

Figure 5.  Adsorption isotherm of the dye on the fly ash by Freundlich model.

Figure 4.  Adsorption isotherm of the dye on the fly ash by Langmuir model.
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®“°§à“ R2 (linear regression) ¢Õß°√“ø∑—Èß Õß
®–‡ÀÁπ‰¥â«à“°“√¥Ÿ¥´—∫ ’¢Õß‡∂â“∂à“πÀ‘π¡’ ¡¥ÿ≈¢Õß°“√¥Ÿ¥
´—∫‡ªìπ·∫∫ Freundlich ‡æ√“–¡’§à“‡¢â“„°≈â 1 ¡“°∑’Ë ÿ¥
æƒµ‘°√√¡°“√¥Ÿ¥´—∫ ’·∫∫π’Èæ∫∑—Ë«‰ª‡¡◊ËÕ°“√¥Ÿ¥ —́∫π—Èπ
‡°‘¥¢÷Èπ„π«—Ø¿“§πÈ” (aqueous phase) ‚¥¬∑’Ëµ—«¥Ÿ¥´—∫¡’
 ∂“π–‡ªìπ¢Õß·¢Áß·≈– “√∂Ÿ°¥Ÿ¥´—∫‡ªìπ™π‘¥≈–≈“¬πÈ”‰¥â
®“°°√“ø„π Figure 5  §à“ 1/n ‡∑à“°—∫ 0.7901  À√◊Õ n
‡∑à“°—∫ 1.27  §à“ n ¡“°°«à“ 1 À¡“¬§«“¡«à“°“√¥Ÿ¥´—∫
π—Èπ‡ªìπ·∫∫À≈“¬™—Èπ®√‘ß

ª√– ‘∑∏‘¿“æ°“√°”®—¥ ’πÈ”∑‘Èß‚√ßß“πøÕ°¬âÕ¡ºâ“¬’π å

‡π◊ËÕß®“°πÈ”∑‘Èß¡’≈—°…≥–¢ÿàπ®“° “√ªπ‡ªóôÕπÕ◊ËπÊ
∑’Ë„™â„π°√–∫«π°“√øÕ°¬âÕ¡ ∑”„Àâµ”·Àπàß¢Õß§«“¡¬“«
§≈◊Ëπ Ÿß ÿ¥¢Õß§à“°“√¥Ÿ¥°≈◊π ’·µ°µà“ß‰ª®“°¢ÕßπÈ” ’
 —ß‡§√“–Àå¥—ß‰¥â°≈à“«·≈â«„πÀ—«¢âÕ¢â“ßµâπ  °“√«‘‡§√“–Àå
ª√– ‘∑∏‘¿“æ°“√¥Ÿ¥ —́∫ ’¢Õß‡∂â“∂à“πÀ‘π®÷ß∑”°“√«‘‡§√“–Àå
®“°√âÕ¬≈–¢Õß°“√≈¥≈ß¢Õß§à“°“√¥Ÿ¥°≈◊π ’‚¥¬µ√ß (‰¡à‰¥â
Õà“π®“°‡ âπµ√ß¡“µ√∞“π (standard curve) √–À«à“ß
ª√‘¡“≥ ’°—∫§à“°“√¥Ÿ¥°≈◊π ’) ´÷Ëßæ∫«à“∑’Ë§«“¡‡√Á«¢Õß°“√
°«π —¡º—  100 √Õ∫/π“∑’ ‡ªìπ‡«≈“ 30 π“∑’ ‡∂â“∂à“πÀ‘π
12 °√—¡/≈‘µ√  “¡“√∂¥Ÿ¥´—∫ ’¢ÕßπÈ”∑‘Èß‰¥â∂÷ß 86.65%

πÈ”∑‘Èß∑’Ë‰¥â¿“¬À≈—ß°“√¥Ÿ¥´—∫  ¬—ß§ß¡’≈—°…≥–¢ÿàπ·≈–¡’
 ’·¥ß‡√◊ËÕÊ Õ¬Ÿà∫â“ß  ∂÷ß·¡â®–‰¥â∑¥≈Õß„ à‡∂â“∂à“πÀ‘π„π
ª√‘¡“≥ Ÿß¢÷Èπ·≈â«°Áµ“¡

°”≈—ß√—∫·√ßÕ—¥¢Õß¡Õ√åµâ“√å

º≈°“√∑¥ Õ∫°”≈—ß√—∫·√ßÕ—¥¢Õß¡Õ√åµâ“√å∑ÿ°
µ—«Õ¬à“ß· ¥ß‰«â„π Figure 6 ´÷Ëß®–‡ÀÁπ‰¥â«à“¡Õ√åµâ“√å∑’Ë¡’
 à«πº ¡¢Õß‡∂â“∂à“πÀ‘π∑ÿ°µ—«Õ¬à“ß¡’§à“°”≈—ß√—∫·√ßÕ—¥
µË”°«à“¢Õß STD ∑’Ë∑ÿ°Õ“¬ÿ∫à¡ ·≈–¡’§à“·ª√µ“¡ª√‘¡“≥
ªŸπ´’‡¡πµå ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫∑’ËÕ—µ√“°“√·∑π∑’ËªŸπ ’́‡¡πµå
‡∑à“°—πæ∫«à“¡Õ√åµâ“√å∑’Ë„™â‡∂â“∂à“πÀ‘πÀ≈—ß¥Ÿ¥´—∫ ’¬âÕ¡ (™ÿ¥
D) ¡’°”≈—ß√—∫·√ßÕ—¥µË”°«à“¡Õ√åµâ“√å∑’Ë„™â‡∂â“∂à“πÀ‘πª°µ‘
(™ÿ¥ O) ∑ÿ°µ—«Õ¬à“ß∑’Ë∑ÿ°Õ“¬ÿ∫à¡ (¬°‡«âπ D40 ∑’ËÕ“¬ÿ 14

«—π) πÕ°®“°π—Èπ¬—ßæ∫Õ’°«à“ STD ¡’°“√æ—≤π“°”≈—ßÕ—¥
§àÕπ¢â“ß ¡∫Ÿ√≥å‡¡◊ËÕÕ“¬ÿ 56 «—π §◊Õ¡’§à“‡æ‘Ë¡¢÷Èπ®“° 299

‡ªìπ 301 °°./µ√.´¡. „π™à«ßÕ“¬ÿ 56 ∂÷ß 90 «—π „π¢≥–∑’Ë

µ—«Õ¬à“ß∑’Ë¡’‡∂â“∂à“πÀ‘π∑—Èß™ÿ¥ D ·≈–™ÿ¥ O ¬—ß§ß¡’°“√
æ—≤π“°”≈—ßÕ—¥µàÕ‰ªÕ¬à“ßµàÕ‡π◊ËÕß ¥—ß®–‡ÀÁπ‰¥â®“°‡ âπ
°√“ø∑’Ë¬—ß§ß¡’·π«‚πâ¡ Ÿß¢÷Èπ¿“¬À≈—ß 56 «—π

·§≈‡´’¬¡‰Œ¥√Õ°‰´¥å  [Ca(OH)
2
]  ∑’Ë‡°‘¥®“°

ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß‰µ√·§≈‡´’¬¡´‘≈‘‡°µ (3CaO.SiO
2

À√◊Õ C
3
S)  ·≈–‰¥·§≈‡´’¬¡´‘≈‘‡°µ (2CaO.SiO

2
 À√◊Õ

C
2
S) „πªŸπ´’‡¡πµå ‡°‘¥‡ªìπ«— ¥ÿ‡™◊ËÕ¡ª√– “π ∑’Ë‡√’¬°«à“

·§≈‡´’¬¡´‘≈‘‡°µ‰Œ‡¥√µ (3CaO.2SiO
2
.3H

2
O  À√◊Õ

C-S-H) ¥—ß ¡°“√ªØ‘°‘√‘¬“∑’Ë (5) ·≈– (6) µ“¡≈”¥—∫
(™—™«“≈¬å, 2536; Neville, 1995) ‡¢â“∑”ªØ‘°‘√‘¬“°—∫ ‘́≈‘°“
·≈–Õ≈Ÿ¡‘π“„π‡∂â“∂à“πÀ‘π (‡√’¬°«à“ çªØ‘°‘√‘¬“ªÕ´‚´≈“πé)

‰¥â C-S-H ‡°‘¥¢÷ÈπÕ¬à“ß™â“Ê ´÷Ëß‡ªìπ§ÿ≥ ¡∫—µ‘¢Õß«— ¥ÿ
ªÕ´‚´≈“π∑”„Àâ “¡“√∂æ—≤π“°”≈—ßÕ—¥‰¥â„π√–¬–¬“«
(™—™«“≈¬å, 2536; Neville, 1995) æƒµ‘°√√¡π’È°Áæ∫„πß“π
«‘®—¬∑’Ë„™â«— ¥ÿªÕ´‚´≈“πÕ◊ËπÊ ‡™àπ ‡∂â“Àπ—°·≈–‡∂â“≈Õ¬
≈‘°‰πµå («‘»«, 2539; ‡√◊Õß√ÿ™¥‘Ï ·≈– ™—¬, 2543) ‡∂â“ø“ß
¢â“« («‘¬–¥“ ·≈–§≥–, 2542) ·≈–‡∂â“·°≈∫-‡ª≈◊Õ°‰¡â
(™—¬ ·≈–§≥–, 2545) ‡ªìπµâπ

2(3CaO.SiO
2
)+6H

2
O → 3CaO.2SiO

2
.3H

2
O+3Ca(OH)

2

(5)

2(2CaO.SiO
2
)+4H

2
O → 3CaO.2SiO

2
.3H

2
O+Ca(OH)

2

(6)

°“√‡°‘¥ªØ‘°‘√‘¬“ªÕ´‚´≈“π¢Õß‡∂â“∂à“πÀ‘πµâÕß
Õ“»—¬ª√‘¡“≥ Ca(OH)

2
 ®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢ÕßªŸπ

’́‡¡πµå‡ªìπ ”§—≠  ‡æ√“–„π‡∂â“∂à“πÀ‘π¡’ CaO ‡æ’¬ß
18.08% ‡∑à“π—Èπ (¥Ÿ Table 2) ¥—ßπ—Èπ°“√‡æ‘Ë¡ª√‘¡“≥°“√
·∑π∑’ËªŸπ´’‡¡πµå¥â«¬‡∂â“∂à“πÀ‘π¬àÕ¡∑”„Àâ¡Õ√åµâ“√å¡’°”≈—ß
√—∫·√ßÕ—¥µË”≈ß  ß“π«‘®—¬Õ◊ËπÊ ∑’Ë„™â “√ªÕ´‚´≈“π ÷́Ëß¡’
ª√‘¡“≥ CaO µË”°«à“ªŸπ´’‡¡πµå°Áæ∫«à“¡’æƒµ‘°√√¡‡™àπ
‡¥’¬«°—ππ’È  («‘»«, 2539;  »√“«ÿ≤‘ ·≈–∫ÿ√©—µ√, 2543;

‡√◊Õß√ÿ™¥‘Ï ·≈–™—¬, 2543; Demirboga, 2002)

®“° Figure 1 ®–‡ÀÁπ‰¥â™—¥‡®π«à“ ‡∂â“∂à“πÀ‘π D

¡’≈—°…≥–∂Ÿ°‡§≈◊Õ∫¥â«¬‚¡‡≈°ÿ≈ ’¬âÕ¡∑’Ëº‘«πÕ° (Figure 1:

B) ∑”„ÀâÕπÿ¿“§¢Õß‡∂â“∂à“πÀ‘π¡’æ◊Èπ∑’Ëº‘« —¡º— „π°“√



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 26 (©∫—∫æ‘‡»… 1) 2547 :
 ‘Ëß·«¥≈âÕ¡·≈–¢Õß‡ ’¬Õ—πµ√“¬
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§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ ’·≈–§ÿ≥ ¡∫—µ‘ªÕ´‚´≈“π

¢Õß‡∂â“∂à“πÀ‘π∫‘∑Ÿ¡‘π— 

‡¡µµ“  ‡æÁ≠º≈‡®√‘≠

∑”ªØ‘°‘√‘¬“‡§¡’‰¥âπâÕ¬≈ß  °“√‡°‘¥ªØ‘°‘√‘¬“ªÕ´‚´≈“π®÷ß
‡°‘¥™â“°«à“¢Õß‡∂â“∂à“πÀ‘π O π’Ë‡ªìπ “‡Àµÿ ”§—≠∑’Ë∑”„Àâ
¡Õ√åµâ“√å™ÿ¥ D ‚¥¬∑—Ë«‰ª¡’°”≈—ß√—∫·√ßÕ—¥µË”°«à“¡Õ√åµâ“√å
™ÿ¥ O Õ¬à“ß‰√°Áµ“¡§à“°”≈—ß√—∫·√ßÕ—¥¢Õß∑—Èß Õß∂◊Õ«à“‰¡à
·µ°µà“ß°—ππ—°  ”À√—∫¡Õ√åµâ“√å™ÿ¥ D æ∫«à“µ—«Õ¬à“ß D10

¡’§à“°”≈—ß√—∫·√ßÕ—¥ Ÿß∑’Ë ÿ¥·≈–¡’§à“‡∑à“°—∫ 163, 199, 215,

248 ·≈– 256 °°./µ√.´¡. ∑’ËÕ“¬ÿ∫à¡ 7, 14, 28, 56 ·≈–
90 «—π µ“¡≈”¥—∫ §‘¥‡ªìπ 80.30, 89.64, 83.33, 82.94

·≈– 85.05% ¢Õß STD µ“¡≈”¥—∫ À√◊Õ 83.59, 91.71,

92.67, 93.58 ·≈– 93.77% ¢Õßµ—«Õ¬à“ß O10 µ“¡≈”¥—∫
®“°°“√‡ª√’¬∫‡∑’¬∫§à“√âÕ¬≈–°”≈—ß√—∫·√ßÕ—¥¢Õßµ—«Õ¬à“ß
D10 °—∫ O10 ‰¥â§à“ Ÿß¢÷Èπµ“¡Õ“¬ÿ∫à¡π—Èπ (°≈à“«Õ’°π—¬
Àπ÷Ëß§◊Õ µ—«Õ¬à“ß D10  “¡“√∂æ—≤π“°”≈—ß√—∫·√ßÕ—¥¢÷Èπ
‰ª‰¥â„°≈â‡§’¬ß°—∫µ—«Õ¬à“ß O10 ‡¡◊ËÕ∫à¡π“π¢÷Èπ) Õ“®‡ªìπ
‰ª‰¥â«à“ §«“¡‡ªìπ¥à“ß®“° Ca(OH)

2
 ∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“

‰Œ‡¥√™—Ëπ¢ÕßªŸπ´’‡¡πµå ´÷Ëß‚¥¬∑—Ë«‰ª®–∑”„Àâ§Õπ°√’µ¡’§à“
pH ª√–¡“≥ 12.5 π—Èπ ‰ª™à«¬≈–≈“¬°≈ÿà¡‚¡‡≈°ÿ≈ ’¬âÕ¡
∑’Ë‡§≈◊Õ∫Õ¬Ÿà∫πº‘«¢ÕßÕπÿ¿“§‡∂â“∂à“πÀ‘πÕÕ°‰ª ‡æ√“–
 ’¬âÕ¡™π‘¥√’·Õ§∑’ø‡°‘¥‰Œ‚¥√‰≈´‘ °—∫À¡Ÿà‰Œ¥√Õ° ‘́≈‰¥â¥’

(Pearce et al., 2003) ∑”„ÀâªØ‘°‘√‘¬“ªÕ´‚´≈“π®“°‡∂â“
∂à“πÀ‘π„πµ—«Õ¬à“ß D10 ‡°‘¥‰¥â¡“°¢÷Èπµ“¡Õ“¬ÿ∫à¡

ª√‘¡“≥°“√™–≈â“ß¢Õß‚≈À–Àπ—°®“°¡Õ√åµâ“√å

≈—°…≥–πÈ”∑‘Èß‚√ßß“πøÕ°¬âÕ¡ºâ“π’È¡’‚≈À–Àπ—°‡ªìπ
æ‘… ‰¥â·°à Pb, Cr, Cu ·≈– Zn  ¥—ßπ—ÈπÀ“°¡’°“√π”
¡Õ√åµâ“√å™π‘¥ D ‰ª„™âß“π®√‘ß°Á§«√¡’°“√»÷°…“°“√™–≈â“ß
¢Õß‚≈À–Àπ—°‡À≈à“π’È‡æ◊ËÕ„Àâ‡°‘¥§«“¡¡—Ëπ„®¥â“π ÿ¢¿“æ
·≈– ‘Ëß·«¥≈âÕ¡

®“°º≈°“√«‘‡§√“–ÀåπÈ” °—¥®“°¡Õ√åµâ“√å™ÿ¥ D ∑ÿ°
µ—«Õ¬à“ß ‰¡àæ∫‚≈À–Àπ—°‡À≈à“π’È„ππÈ” °—¥ ¥—ßπ—Èπ¡Õ√åµâ“√å
‡À≈à“π’È®÷ß “¡“√∂π”¡“„™âß“π‰¥â®√‘ß

∫∑ √ÿª

‡∂â“∂à“πÀ‘π∫‘∑Ÿ¡‘π—  “¡“√∂„™â„π°“√°”®—¥ ’πÈ”∑‘Èß
‚√ßß“πøÕ°¬âÕ¡ºâ“¬’π å‰¥â∂÷ß 86.65% ‚¥¬‰¡àµâÕß∑”°“√
ª√—∫ª√ÿß§ÿ≥¿“æ¢Õß∑—Èß‡∂â“∂à“πÀ‘π·≈–πÈ”∑‘Èß°àÕπ ‚¥¬
æƒµ‘°√√¡°“√¥Ÿ¥´—∫ ’¡’√Ÿª·∫∫‡ªìπ Freundlich isotherm

Figure 6. Compressive strength of the sample at various ages and fly ash contents when

replacing cement with: (A) the original fly ash and (B) the dye-adsorbed fly ash.

(A) (B)
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