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Abstract
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Treatment of phenolic compounds in wastewater by Fenton reaction

together with CaO coagulation
Songklanakarin J. Sci. Technol., 2005, 27(3) : 591-600

A treatment of phenolic compound with fenton reaction together with coagulation by calcium oxide

was investigated in this study. COD and residual substances were monitored throughout the work. Phenol

and 2,4-Dichlorophenol were selected to represent different kinds of the compound. The weight ratio of

fenton reagent or Iron ion: Hydrogen peroxide: CaO was 1:11.7: 4.5, whereas the concentrations of phenolic

compound were 1100 and 550 ppm. In case of 1100 ppm, the weight ratio of phenolic compound: Iron ion

was 1: 0.65 and in the case of 550 ppm, the weight ratio of phenolic compound: Iron ion was 1: 0.45. The

results of the treatment were as follows: percent reduction of CODs of phenol solutions was more than the

reduction of 2,4-Dichlorophenol solutions (99% and 85% of 1100 ppm and 97% and 93% of 550 ppm).

Comparison of the amount of sulfate in solution and in sediment revealed that, with both phenol and 2,4-

Dichlorophenol solutions, the percent of sulfate in the solution was greater than the percent in the sediment

(86% and 69% for phenol and 2,4 Dichlorophenol of 1100 ppm) and (93% and 76% for phenol and 2,4-
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Dichlorophenol of 550 ppm). Comparison of the amount of calcium in solution and in sediment showed that,

with both phenol and 2,4-Dichlorophenol solutions, the percent of calcium in the solution was lower than the

percent in the sediment (38% and 54% for phenol and 2,4-Dichlorophenol of 1100 ppm) and (48% and 59%

for phenol and 2,4-Dichlorophenol of 550 ppm). Almost 100% of Iron residual in the solution was formed in

sediments for all cases.

Key words : phenolic, Fenton, CaO, coagulation, hydrogen peroxide
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°“√»÷°…“°“√∫”∫—¥πÈ”‡ ’¬∑’Ë¡’ “√ª√–°Õ∫øïπÕ≈‘° ¥â«¬ªØ‘°‘√‘¬“‡øπµ—π√à«¡°—∫°√–∫«π°“√µ°µ–°Õπ¥â«¬

·§≈‡ ’́¬¡ÕÕ°‰´¥å ‚¥¬«‘‡§√“–Àå°“√≈¥≈ß¢Õß§à“ COD ·≈–µ√«® Õ∫ª√‘¡“≥¢Õß “√‡§¡’µ°§â“ß„ππÈ”·≈–„πµ–°Õπ

 “√ª√–°Õ∫øïπÕ≈‘°∑’Ë„™â§◊ÕøïπÕ≈ ·≈– 2,4 ‰¥§≈Õ‚√øïπÕ≈  Õ—µ√“ à«π‚¥¬πÈ”Àπ—°¢Õß “√‡§¡’∑’Ë„™â„π°“√∫”∫—¥§◊Õ

‰ÕÕÕπ‡À≈Á° : ‰Œ‚¥√‡®π‡æÕ√åÕÕ°‰´¥å : ·§≈‡ ’́¬¡ÕÕ°‰´¥å = 1 : 11.7 : 4.5 ‚¥¬„™â§«“¡‡¢â¡¢âπ¢Õß “√øïπÕ≈‘°

2 §à“ §◊Õ 1100 ppm ·≈– 550 ppm ∑’Ë§«“¡‡¢â¡¢âπ 1100 ppm „™âÕ—µ√“ à«π‚¥¬πÈ”Àπ—°¢Õß¢Õß “√ª√–°Õ∫øïπÕ≈‘°

: ‰ÕÕÕπ‡À≈Á° = 1 : 0.65  „π¢≥–∑’Ë ≥ §«“¡‡¢â¡¢âπ 550 ppm „™âÕ—µ√“ à«π‚¥¬πÈ”Àπ—°¢Õß “√ª√–°Õ∫øïπÕ≈‘° :

‰ÕÕÕπ‡À≈Á° = 1 : 0.45  º≈¢Õß°“√∫”∫—¥æ∫«à“‡ªÕ√å‡´Áπµå°“√≈¥≈ß¢Õß§à“ COD ¢Õß “√≈–≈“¬øïπÕ≈¡’§à“ Ÿß°«à“

‡ªÕ√å‡´Áπµå°“√≈¥≈ß¢Õß§à“ COD ¢Õß “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈ ‚¥¬æ∫«à“ ≥ §«“¡‡¢â¡¢âπ 1100 ppm ¡’§à“

‡∑à“°—∫ 99% ·≈– 85% µ“¡≈”¥—∫ ·≈– ≥ §«“¡‡¢â¡¢âπ 550 ppm ¡’§à“‡∑à“°—∫ 97% ·≈– 93% µ“¡≈”¥—∫  ”À√—∫

‡ªÕ√å‡´πµåµ°§â“ß¢Õß´—≈‡øµ„ππÈ”·≈–„πµ–°Õπ æ∫«à“¡’‡ªÕ√å‡´πµå¢Õß´—≈‡øµ„ππÈ”¡’§à“ Ÿß°«à“„πµ–°Õπ∑—Èß„π

°√≥’¢Õß “√≈–≈“¬øïπÕ≈·≈– “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈ ‚¥¬∑’Ë ≥ §«“¡‡¢â¡¢âπ 1100 ppm ‡ªÕ√å‡´πµå¢Õß

´—≈‡øµ„ππÈ”¡’§à“‡∑à“°—∫ 86% ·≈– 69% µ“¡≈”¥—∫ ·≈– ≥ §«“¡‡¢â¡¢âπ 550 ppm ‡ªÕ√å‡´πµå¢Õß´—≈‡øµ„ππÈ”¡’

§à“‡∑à“°—∫ 93% ·≈– 76% µ“¡≈”¥—∫  ”À√—∫‡ªÕ√å‡´Áπµåµ°§â“ß¢Õß·§≈‡´’¬¡„ππÈ”·≈–„πµ–°Õπ æ∫«à“‡ªÕ√å‡´πµå

¢Õß·§≈‡´’¬¡„ππÈ”¡’§à“µË”°«à“„πµ–°Õπ∑—Èß„π°√≥’¢Õß “√≈–≈“¬øïπÕ≈·≈– “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈ ‚¥¬∑’Ë

≥ §«“¡‡¢â¡¢âπ 1100 ppm ‡ªÕ√å‡´Áπµå¢Õß·§≈‡´’¬¡„ππÈ”¡’§à“‡∑à“°—∫ 38% ·≈– 54% µ“¡≈”¥—∫ ·≈– ≥ §«“¡

‡¢â¡¢âπ 550 ppm ‡ªÕ√å‡´Áπµå¢Õß·§≈‡´’¬¡„ππÈ”¡’§à“‡∑à“°—∫ 48% ·≈– 59% µ“¡≈”¥—∫  ”À√—∫°√≥’¢Õß∏“µÿ‡À≈Á°

µ°§â“ßæ∫«à“∑ÿ°°√≥’ “¡“√∂µ°µ–°Õπ‰ÕÕÕπ¢Õß‡À≈Á°‰¥â‡°◊Õ∫ 100%

 “√ª√–°Õ∫øïπÕ≈‘°‡ªìπ “√ª√–°Õ∫æ◊Èπ∞“π¢Õß
¬“¶à“«—™™æ◊™ ¬“ª√“∫»µ√Ÿæ◊™ ¬“¶à“·¡≈ß ¬“¶à“‡™◊ÈÕ√“
·≈– “√ªÑÕß°—π‡™◊ÈÕ®ÿ≈‘π∑√’¬å  “√‡À≈à“π’È‡®◊ÕªπÕ¬Ÿà„π¢Õß
‡ ’¬®“°‚√ßß“πÀ≈“¬™π‘¥ ‡™àπ ‚√ßß“πº≈‘µæ≈“ µ‘°  “√
ªÑÕß°—π‡π◊ÈÕ‰¡â ‚√ßß“πº≈‘µ°√–¥“… ‚√ßß“πº≈‘µøïπÕ≈‘°
‡√´‘π ‚√ßß“πº≈‘µ¬“¶à“·¡≈ß ‚√ßß“πªî‚µ√‡§¡’ ·≈–Õ◊ËπÊ
øïπÕ≈®–‡ªìπÕ—πµ√“¬∑’Ë ÿ¥ ”À√—∫ª≈“‚¥¬‡©æ“–°—∫√–∫∫
ª√– “∑ ‚¥¬πÈ”∑’Ë¡’øïπÕ≈≈–≈“¬Õ¬Ÿà®–°√–µÿâπ„Àâª≈“√Ÿâ ÷°

√–§“¬‡§◊Õß®π√–∫∫ª√– “∑¢“¥°“√§«∫§ÿ¡  ´÷Ëß∑”„Àâ
°“√«à“¬πÈ”‰¡à¡’§«“¡¡—Ëπ§ß §√’∫®– —Ëπ‡∑“ ·≈–„π∑’Ë ÿ¥°Á®–
‡ ’¬°“√∑√ßµ—« ·≈–µ“¬‰ª„π∑’Ë ÿ¥ πÕ°®“°π’È “√ª√–°Õ∫
øïπÕ≈¬—ß¡’º≈µàÕ√–∫∫ª√– “∑¢Õß —µ«å™—Èπ Ÿß√«¡∑—Èß¡πÿ…¬å
¥â«¬ ‚¥¬®–∑”≈“¬√–∫∫‰¢ —πÀ≈—ß∑”„Àâ‡ªìπÕ—¡æ“µ‰¥â∂â“
À“°√à“ß°“¬‰¥â√—∫ “√‡À≈à“π’È„πª√‘¡“≥∑’Ë Ÿß  ”À√—∫æ‘…¢Õß
2,4 ‰¥§≈Õ‚√øïπÕ≈®–‡°‘¥¢÷Èπ‰¥â∑—Èß°—∫ª≈“·≈–§π ‚¥¬∑’Ë
 “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈ “¡“√∂®–´÷¡ºà“πº‘«Àπ—ß
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‡¢â“ Ÿà√à“ß°“¬‰¥âÕ¬à“ß√«¥‡√Á« ´÷Ëß‡¡◊ËÕ “√π’È´÷¡‡¢â“ Ÿà‡´≈≈å°Á
®–¬—∫¬—Èß°√–∫«π°“√¢π∂à“¬æ≈—ßß“π¿“¬„π‡´≈≈å∑”„Àâ‡°‘¥
Õ“°“√™—°°√–µÿ° À“¬„®µ‘¥¢—¥ ·≈–∂÷ßµ“¬‰¥â (°ƒ…≥≈,

2528)

°√–∫«π°“√°”®—¥ “√æ‘…ª√–‡¿∑Õ–‚√¡“µ‘°
‰Œ‚¥√§“√å∫Õπ „π‡™‘ßªØ‘∫—µ‘π—Èπ “¡“√∂°√–∑”‰¥â¥â«¬
°√–∫«π°“√¥Ÿ¥´—∫¥â«¬∂à“π°—¡¡—πµå   ´÷Ëß¡’¢âÕ®”°—¥Õ¬Ÿà∑’Ë
 “√æ‘…∑’Ë™Õ∫≈–≈“¬πÈ”¡“°Ê ‚¥¬®–‰¡à¥Ÿ¥´—∫Õ¬à“ß‡µÁ¡∑’Ë
‡π◊ËÕß®“°®–¡’°“√§“¬ “√æ‘…®“°∂à“π°—¡¡—πµå‰ª ŸàπÈ”
(Asrlan et al., 2000) (§«“¡ “¡“√∂„π°“√≈–≈“¬πÈ”¢Õß
øïπÕ≈ ‡∑à“°—∫ 8.2% ·≈–§«“¡ “¡“√∂„π°“√≈–≈“¬πÈ”
¢Õß 2,4-DCP ‡∑à“°—∫ 0.45% (Perry and Green, 1984))

Õ’°«‘∏’°“√Àπ÷Ëß°Á§◊Õ °√√¡«‘∏’¬àÕ¬ ≈“¬∑“ß™’«¿“æ  ´÷Ëß„Àâ
º≈¥’„π√–¥—∫ªØ‘∫—µ‘°“√  ·µà¡’ªí≠À“„π√–∫∫∑’ËπÈ”‡ ’¬¡’
§«“¡‡¢â¡¢âπ¢Õß¢Õß‡ ’¬¡“°‡°‘π‰ª  (Alemzadeh and

Vossoughi, 2001) ‚¥¬‡©æ“–„π√–¥—∫Õÿµ “À°√√¡
πÕ°®“°π’È°“√§—¥‡≈◊Õ°™π‘¥¢Õß®ÿ≈‘π∑√’¬å∑’Ë™à«¬„π°“√¬àÕ¬
 ≈“¬·∫∫™’«¿“æ ∑’Ë‡À¡“– ¡°—∫ ¿“«–¢ÕßπÈ”‡ ’¬·∫∫
µà“ßÊ °Á°”≈—ß‰¥â√—∫°“√ π„®‡ªìπÕ¬à“ß¡“° (Salomons

and Stigliani, 1995)

¥—ßπ—Èπ®–‡ÀÁπ‰¥â«à“πÈ”‡ ’¬®“°‚√ßß“πÕÿµ “À°√√¡
∑’Ë¡’ “√ª√–°Õ∫øïπÕ≈‘° ‡¡◊ËÕ√—Ë«‰À≈‰ª Ÿà·À≈àßπÈ”∏√√¡™“µ‘
°Á®–‡ªìπÕ—πµ√“¬µàÕ ‘Ëß¡’™’«‘µ„ππÈ”‡ªìπ≈”¥—∫·√° ·≈–®–
‡ªìπÀà«ß‚´àÕ—πµ√“¬µàÕ§π·≈– —µ«å™π‘¥Õ◊Ëπ¥â«¬ ¥â«¬‡Àµÿπ’È
™ÿ¡™πÀ√◊Õ‚√ßß“πÕÿµ “À°√√¡®–µâÕß¥”‡π‘π°“√„ÀâπÈ”‡ ’¬
„Àâ¡’§«“¡ª≈Õ¥¿—¬°àÕπ∑’Ë®–ª≈àÕ¬ Ÿà·À≈àßπÈ”∏√√¡™“µ‘ ´÷Ëß
„πÕ¥’µ‰¥â¡’°“√∫”∫—¥·∫∫ßà“¬Ê ‡™àπ  √â“ß‡ªìπ∫àÕ§Õπ°√’µ
∏√√¡¥“ ´÷ËßÕ“»—¬°√–∫«π°“√πÕπ°âπ (sedimentation)

°√–∫«π°“√‡µ‘¡Õ“°“» (aeration) À√◊Õ„™â∂—ß°√ÕßÀ¬¥
(trickling filter) ‡ªìπµâπ (°—≈¬“, 2545) πÕ°®“°π’È¬—ß¡’
°“√∫”∫—¥πÈ”‡ ’¬∑“ß‡§¡’µà“ßÊ ´÷Ëß„™â‰¥âº≈¥’·µà¡’ªí≠À“
‡√◊ËÕß “√‡§¡’µ°§â“ß∑’Ë‡ªìπÕ—πµ√“¬µàÕ ‘Ëß·«¥≈âÕ¡‡™àπ°—π
·≈–ªØ‘°‘√‘¬“‡øπµ—π ÷́Ëß‡ªìπ°√–∫«π°“√∫”∫—¥∑“ß‡§¡’™π‘¥
Àπ÷Ëß∑’Ë‰¡à √â“ßº≈°√–∑∫‡√◊ËÕß “√‡§¡’µ°§â“ß ‡π◊ËÕß®“°„™â
‰Œ‚¥√‡®π‡æÕ√åÕÕ°‰´¥å∑’Ë¬àÕ¬ ≈“¬„ππÈ”·≈–‰¡à‡ªìπæ‘…
‚¥¬ “√øïπÕ≈‘°∑’ËÕ¬Ÿà„ππÈ”®–∂Ÿ°ÕÕ°´‘‰¥´å„π ¿“«–°√¥∑’Ë
¡’‰ÕÕÕπ‡À≈Á°‡ªìπµ—«‡√àßªØ‘°‘√‘¬“  ∫∑§«“¡π’È®–π”‡ πÕ
º≈¢Õß°“√»÷°…“¢Õß°“√„™âªØ‘°‘√‘¬“‡øπµ—π√à«¡°—∫°“√

µ°µ–°Õπ “√‡§¡’µ°§â“ß¥â«¬·§≈‡´’¬¡ÕÕ°‰´¥å ‡æ◊ËÕ¥Ÿ∂÷ß
ª√– ‘∑∏‘¿“æ¢Õß°“√≈¥≈ß¢Õß§à“ COD ·≈–‰ÕÕÕπ¢Õß
‡À≈Á° ·≈–‰ÕÕÕπ¢Õß´—≈‡øµÀ≈—ß°“√µ°µ–°Õπ ‚¥¬‡ª√’¬∫
ª√– ‘∑∏‘¿“æ¢ÕßªØ‘°‘√‘¬“  ≥   ¿“«–‡¥’¬«°—π¢Õß “√
ª√–°Õ∫øïπÕ≈‘° 2 ™π‘¥§◊Õ øïπÕ≈·≈– 2,4 ‰¥§≈Õ‚√øïπÕ≈
°àÕπ∑’Ë®–π”‰ªª√–¬ÿ°µå„™â°—∫πÈ”‡ ’¬®“°‚√ßß“πÕÿµ “À°√√¡
∑’Ë¡’ “√ª√–°Õ∫øîπÕ≈‘°‡®◊ÕªπÕ¬Ÿà

°“√‡≈◊Õ°„™â°“√∫”∫—¥∑“ß‡§¡’ ”À√—∫ “√ª√–°Õ∫
øïπÕ≈‘° ‡π◊ËÕß®“°°“√∫”∫—¥∑“ß™’«¿“æ¡’¢’¥®”°—¥„π¥â“π
√–¥—∫¢Õß§«“¡‡¢â¡¢âπ¢Õß “√ª√–°Õ∫øïπÕ≈‘°  ∑”„Àâ
¢π“¥¢Õß∫àÕ∫”∫—¥·≈–‡«≈“∑’Ë„™â‰¡à¡’§«“¡‡À¡“– ¡‡æ’¬ßæÕ
πÕ°®“°π’È°“√„™âªØ‘°‘√‘¬“‡øπµ—π ÷́Ëß„™â‰Œ‚¥√‡®π‡æÕ√å-
ÕÕ°‰´¥å·≈–‡øÕ√—  —́≈‡øµ‡ªìπ “√µ—Èßµâπ∂◊Õ«à“‡ªìπ “√‡§¡’
∑’Ëª≈Õ¥¿—¬ ªØ‘°‘√‘¬“‡øπµ—π§◊ÕªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π∑’Ë‡°‘¥
¢÷ÈπÕ¬à“ß√«¥‡√Á«¢Õß “√ª√–°Õ∫Õ‘π∑√’¬å„π “√≈–≈“¬
‰Œ‚¥√‡®π‡æÕ√åÕÕ°‰´¥å (H

2
O

2
) ∑’Ë¡’‰ÕÕÕπ∫«°¢Õß‡À≈Á°

‡ªìπµ—«‡√àßªØ‘°‘√‘¬“ ‚¥¬Õ“»—¬Õπÿ¡Ÿ≈Õ‘ √–‰Œ¥√Õ°´‘≈
(Hydroxyl radicals) ∑’Ë‡°‘¥¢÷Èπ√–À«à“ß°“√‡°‘¥ªØ‘°‘√‘¬“
‡ªìπµ—«°≈“ß ”§—≠ ·≈–ªØ‘°‘√‘¬“‡§¡’À≈—°Ê ∑’Ë‡°‘¥¢÷Èπ
 “¡“√∂· ¥ß‰¥â¥—ßµàÕ‰ªπ’È

Fe2+ + H
2
O

2
     →     Fe3+ + OH- + OH* (1)

‡¡◊ËÕªØ‘°‘√‘¬“„π ¡°“√ (1) ‡°‘¥¢÷Èπ„ππÈ”‡ ’¬ ´÷Ëß¡’
 “√ª√–°Õ∫‰Œ‚¥√§“√å∫ÕπÕ‘π∑√’¬åÀ≈“¬Ê ª√–‡¿∑
æ≈—ßß“π¢Õß°“√∂à“¬‚ÕπÕ‘‡≈Á°µ√Õπ‡√‘Ë¡·√°∑’ËÕπÿ¡Ÿ≈Õ‘ √–
¢Õß‰Œ¥√Õ°‰´¥å “¡“√∂®–‡Àπ’Ë¬«π”„Àâ¡’°“√¬àÕ¬ ≈“¬
¢Õß “√ª√–°Õ∫‰Œ‚¥√§“√å∫ÕπÕ‘π∑√’¬å‰¥â Õπ÷ËßªØ‘°‘√‘¬“
°“√‡°‘¥Õπÿ¡Ÿ≈Õ‘ √–¢Õß “√≈–≈“¬„π ¡°“√ (1)  “¡“√∂
°√–µÿâπ„Àâ‡°‘¥‰¥â¡“°¢÷Èπ ‡¡◊ËÕ¡’· ß‡Àπ◊Õ¡à«ß (Ultra violet)

‡ªìπµ—«‡√àßªØ‘°‘√‘¬“·≈–ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π·∫∫π’È‡√’¬°«à“
ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß‡øπµ—π∑’Ë„™â· ß°√–µÿâπ (Photo

Fenton Oxidation) · ß‡Àπ◊Õ¡à«ß∑’Ë„™â™à«¬°√–µÿâπ„π
ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß‡øπµ—π Õ“®∂Ÿ°·∑π∑’Ë‰¥â¥â«¬°“√
„™â “√ semi-conductance ∑’Ë “¡“√∂¥Ÿ¥´—∫æ≈—ßß“π· ß
∏√√¡¥“  ·≈– TiO

2
 π—∫‡ªìπ “√ semi-conductance

µ—«Àπ÷Ëß∑’Ë‰¡à≈–≈“¬πÈ”·≈– “¡“√∂¥Ÿ¥°≈◊πæ≈—ßß“π· ß„π
™à«ß§«“¡¬“«§≈◊Ëπ 387 π“‚π‡¡µ√ (´÷Ëß‡ªìπ§«“¡¬“«§≈◊Ëπ
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∑’Ë¬“«°«à“™à«ß· ß‡Àπ◊Õ¡à«ß)   ·≈–æ∫«à“°“√„™â TiO
2

§«∫§Ÿà°—∫ªØ‘°‘√‘¬“‡øπµ—π®–™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß°“√
ÕÕ°´‘‡¥™—π¢Õß “√‰Œ‚¥√§“√å∫Õπ (Chen et al., 1997)

ªØ‘°‘√‘¬“Õ—π¥—∫µàÕ¡“¢Õß°“√‡°‘¥Õπÿ¡Ÿ≈Õ‘ √–¢Õß
‰Œ¥√Õ°‰´¥å °Á§◊Õµ—«Õπÿ¡Ÿ≈®–∑”ªØ‘°‘√‘¬“°—∫‰ÕÕÕπ‡øÕ√— 
(Fe2+) ·≈â«„Àâ‰ÕÕÕπ‡øÕ√‘° (Fe3+) ¥—ßπ’È

OH* + Fe2+     →     Fe3+ + OH- (2a)

À√◊Õ„π‡«≈“‡¥’¬«°—π Õπÿ¡Ÿ≈Õ‘ √–¢Õß‰Œ¥√Õ°‰´¥å®–∑”
ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π°—∫ “√ª√–°Õ∫Õ‘π∑√’¬å „π “√≈–≈“¬
¥—ßπ’È

OH* + Hydrocarbon → oxydized products (2b)

Bandara ·≈–§≥– (2001) ¬◊π¬—π«à“ “√º≈‘µ¿—≥±å
¢ÕßªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π (oxydized products) ¢Õß “√
ª√–‡¿∑§≈Õ‚√øïπÕ≈ (2-CP, 2,3-DCP, 2,4-DCP ·≈–
2,4,6-TCP) ®–ßà“¬µàÕ°“√¬àÕ¬ ≈“¬∑“ß™’«¿“æ (bio-

degradable) ´÷Ëßæ‘ Ÿ®πå‰¥â®“°µ√«® Õ∫§à“ BOD
5

°≈‰°ªØ‘°‘√‘¬“Õ◊ËπÊ ∑’Ë “¡“√∂‡°‘¥¢÷Èπ‰¥â°Á§◊Õ
‰ÕÕÕπ‡øÕ√‘° (Fe3+)  “¡“√∂™à«¬‡√àß„Àâ¡’°“√·µ°µ—«¢Õß
‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å‰ª‡ªìπ°ä“´ÕÕ°´‘‡®π ‚¥¬∑’Ë§«“¡
‡¢â¡¢âπ¢Õß‰ÕÕÕπ‡øÕ√—  (Fe2+) À√◊Õ§«“¡‡¢â¡¢âπ¢Õß
‰ÕÕÕπ‡øÕ√‘° (Fe3+) ®–‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß„¥Ê „π¢≥–
∑’Ë§«“¡‡¢â¡¢âπ¢Õß‰Œ‚¥√‡®π‡æÕ√åÕÕ°‰´¥å≈¥≈ß‡√◊ËÕ¬Ê
(Saltmiras and Lemley, 2000) ¥—ß ¡°“√µàÕ‰ªπ’È

Fe3+ + H
2
O

2
  →  Fe2+ + HO

2
* + H+ (3)

·≈–
HO

2
* + Fe3+  →  Fe2+ + H+ + O

2
(4)

®–‡ÀÁπ‰¥â«à“‰ÕÕÕπ‡øÕ√—  ®–∑”ªØ‘°‘√‘¬“°—∫ H
2
O

2
 ‡æ◊ËÕ∑’Ë

®–º≈‘µÕπÿ¡Ÿ≈Õ‘ √–¢Õß‰Œ¥√Õ°‰´¥å (ªØ‘°‘√‘¬“ (1)) À≈—ß
®“°π—ÈπÕπÿ¡Ÿ≈Õ‘ √–¢Õß‰Œ¥√Õ°‰´¥å °Á®–∑”ªØ‘°‘√‘¬“°—∫
 “√ª√–°Õ∫Õ‘π∑√’¬å (ªØ‘°‘√‘¬“ (2b))

Chamarro  ·≈–§≥–  (2001)  ‰¥â„™âªØ‘°‘√‘¬“
‡øπµ—π‡æ◊ËÕ®”°—¥°√¥øÕ√å¡‘° øïπÕ≈ 2,4 ‰¥§≈Õ‚√øïπÕ≈

·≈–‰π‚µ√‡∫π´’π æ∫«à“Õ—µ√“ à«π‡™‘ß‚¡≈∑’Ë‡À¡“– ¡¢Õß
 “√ª√–°Õ∫Õ‘π∑√’¬åµàÕ‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å‡∑à“°—∫
0.5 : 1 ¬°‡«âπ°√≥’¢Õß°√¥øÕ√å¡‘°∑’Ë„™âÕ—µ√“ à«π‡∑à“°—∫
1 : 1  πÕ°®“°π’È¬—ß‰¥â·ª√º—π§«“¡‡¢â¡¢âπ¢Õß‡øÕ√— 
‰ÕÕÕπ´÷Ëß‡ªìπµ—«‡√àßªØ‘°‘√‘¬“Õ’°¥â«¬  ·≈–æ∫«à“§«“¡
‡¢â¡¢âπ¢Õß‡øÕ√— ‰ÕÕÕπ¡’º≈µàÕÀ≈—°¢Õß®≈πæ≈»“ µ√å
¢ÕßªØ‘°‘√‘¬“ Ghaly ·≈–§≥– (2001) ‰¥â„™âªØ‘°‘√‘¬“
‡øπµ—π∑’Ë°√–µÿâπ¥â«¬· ß (Photo-Fenton reaction) ‡æ◊ËÕ
¬àÕ¬ ≈“¬æ“√“§≈Õ‚√øïπÕ≈  æ∫«à“ª√– ‘∑∏‘¿“æ¢Õß
ªØ‘°‘√‘¬“‡øπµ—π¢÷ÈπÕ¬Ÿà°—∫§«“¡‡¢â¡¢âπ¢Õß‰Œ‚¥√‡®π
‡æÕ√åÕÕ°‰´¥å‡√‘Ë¡µâπ  ª√‘¡“≥¢Õßµ—«‡√àßªØ‘°‘√‘¬“À√◊Õ
‰ÕÕÕπ∫«°¢Õß‡À≈Á°°—∫™π‘¥¢Õß‡°≈◊Õ¢Õß‰ÕÕÕπ‡À≈Á°
ªØ‘°‘√‘¬“‡§¡’ ≥ §«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õß‰Œ‚¥√‡®π‡æÕ√å-
ÕÕ°‰´¥å¡“°°«à“ 0.02 mol/L ·≈– pH ¡“°°«à“ 4 ®–
∑”„ÀâÕ—µ√“°“√¬àÕ¬ ≈“¬¢Õßæ“√“§≈Õ‚√øïπÕ≈¡’§à“≈¥≈ß
‡π◊ËÕß®“°∑’Ë§à“ pH  ŸßÊ ®–‡°‘¥°“√µ°µ–°Õπ¢Õß “√
ª√–°Õ∫‡À≈Á°¡“°¢÷Èπ  πÕ°®“°π’È∂â“¡’ª√‘¡“≥‡°≈◊Õ¢Õß
‰ÕÕÕπ‡À≈Á°¡“°‡°‘π‰ª °Á®–∑”„ÀâπÈ”¡’ ’πÈ”µ“≈¢ÿàπ·≈–
‡°‘¥°“√√«¡µ—«°—π√–À«à“ßÕπÿ¡Ÿ≈‰Œ¥√Õ° ‘́≈°—∫‰ÕÕÕπ∫«°
¢Õß‡À≈Á° ∑”„Àâ≈¥‚Õ°“ °“√®—∫µ—«¢ÕßÕπÿ¡Ÿ≈‰Œ¥√Õ°´‘≈
°—∫ “√øîπÕ≈‘°∑’ËµâÕß°“√∫”∫—¥ ¥—ßπ—Èπ®÷ß¡’§«“¡®”‡ªìπ∑’Ë
®–µâÕß„™âÕ—µ√“ à«π√–À«à“ß‰Œ‚¥√‡®π‡æÕ√åÕÕ°‰´¥å°—∫
‰ÕÕÕπ∫«°¢Õß‡À≈Á°‰¡à„Àâ Ÿß¡“°‡°‘π‰ª ‡æ◊ËÕÀ≈’°‡≈’Ë¬ß
°“√√«¡µ—«°—π√–À«à“ßÕπÿ¡Ÿ≈‰Œ¥√Õ° ‘́≈°—∫‰ÕÕÕπ∫«°¢Õß
‡À≈Á° ·≈–¬—ß™à«¬≈¥°“√‡°‘¥µ–°Õπ∑’Ë‡°‘¥®“° “√ª√–°Õ∫
‡™‘ß´âÕπ¢Õß‡À≈Á°  Kang ·≈– Hwang (2000) »÷°…“°“√
∫”∫—¥πÈ”„µâ¥‘π®“°·À≈àß∑‘Èß¢¬–¢Õß‡¡◊Õß§‘¡‚ª ª√–‡∑»
‡°“À≈’„µâ ®“°°“√«‘‡§√“–Àåª√‘¡“≥¢Õß “√Õ‘π∑√’¬å∑’Ë∂Ÿ°
°”®—¥‚¥¬ªØ‘°‘√‘¬“‡øπµ—π æ∫«à“ª√– ‘∑∏‘¿“æ¢ÕßªØ‘°‘√‘¬“
‡øπµ—π®–‰¡à‡æ‘Ë¡¢÷ÈπÕ’° ‡¡◊ËÕ§à“§«“¡‡¢â¡¢âπ¢Õß‡øÕ√— 
—́≈‡øµ„πªØ‘°‘√‘¬“¡’§à“¡“°°«à“ 500 ¡°/≈‘µ√  ‚¥¬∑’Ë

°√–∫«π°“√∫”∫—¥®–·∫àß‡ªìπ 4 ¢—ÈπµÕπ¥—ßπ’È °“√ª√—∫
 ¿“æ¢Õß pH °“√∑”ªØ‘√‘¬“‡§¡’‡øπµ—π °“√∑”„Àâ‡ªìπ
°≈“ß¥â«¬‡∫  ·≈–°“√µ°µ–°Õπ °“√Õ∏‘∫“¬ª√“°Ø°“√≥å
∑’Ë‡°‘¥¢÷Èπ°≈à“«‰¥â«à“ ‰Œ‚¥√‡®π‡æÕ√åÕÕ°‰´¥å®–‡ ∂’¬√„π
™à«ß pH 3-4 ·≈–Õ—µ√“°“√·µ°µ—«¢Õß‰Œ‚¥√‡®π‡æÕ√å-
ÕÕ°‰´¥å®–‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«‡¡◊ËÕ§à“ pH ¡“°°«à“ ·≈–
‰¥â¢âÕ √ÿª«à“™à«ß pH ∑’Ë‡À¡“– ¡„π°“√≈¥§à“ COD §«√
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°“√∫”∫—¥πÈ”‡ ’¬∑’Ë¡’ “√ª√–°Õ∫øïπÕ≈‘°

≈◊Õæß»å  ·°â«»√’®—π∑√å ·≈–§≥–595

Õ¬Ÿà„π™à«ß 3-6 πÕ°®“°π’È¬—ßæ∫«à“‰Œ‚¥√‡®π‡æÕ√åÕÕ°‰´¥å
 “¡“√∂ÕÕ°´‘‰¥´å‰ÕÕÕπ‰π‰µ√µå ‰ÕÕÕπ‰π‡µ√∑ ‰¥â‡ªìπ
Õ¬à“ß¥’

 “√‡§¡’·≈–«‘∏’°“√∑¥≈Õß

 “√‡§¡’∑’Ë„™âª√–°Õ∫¥â«¬øïπÕ≈ (AR grade, BDH)

‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å (Reagent grade, AJAX) ‡øÕ√— 
´—≈‡øµ (AR grade, UNIVAR) ·≈–·§≈‡´’¬¡ÕÕ°‰´¥å
(Lab grade, UNILAB) °“√∑¥≈Õß®–·∫àßÕÕ°‡ªìπ 2

°√≥’ §◊Õ°√≥’∑’Ë “√≈–≈“¬¢Õß “√øïπÕ≈‘°‡∑à“°—∫ 1100

ppm („™âÕ—µ√“ à«π‚¥¬πÈ”Àπ—°¢Õß “√øïπÕ≈‘°µàÕ‰ÕÕÕπ
¢Õß‡À≈Á°‡∑à“ 1 : 0.65) ·≈–°√≥’∑’Ë “√≈–≈“¬¢Õß “√
øïπÕ≈‘°‡∑à“°—∫ 550 ppm („™âÕ—µ√“ à«π‚¥¬πÈ”Àπ—°¢Õß
 “√øïπÕ≈‘°µàÕ‰ÕÕÕπ¢Õß‡À≈Á°‡∑à“ 1 : 0.45) ‚¥¬∑—Èß Õß
°√≥’®–„™âÕ—µ√“ à«π‚¥¬πÈ”Àπ—°√–À«à“ß‰ÕÕÕπ¢Õß‡À≈Á°/
‰Œ‚¥√‡®π‡æÕ√åÕÕ°‰´¥å/·§≈‡ ’́¬¡ÕÕ°‰´¥å‡∑à“°—∫ 1 : 11.7

: 4.5

°“√∑¥≈Õß∑—Èß Õß°√≥’®–¥”‡π‘π°“√¥—ßµàÕ‰ªπ’È
‡µ√’¬¡µ—«Õ¬à“ß “√≈–≈“¬øïπÕ≈‘°∑’Ëºà“π°“√«—¥§à“ pH ·≈–
COD  ‡æ◊ËÕ‡ªìπ “√µ—Èßµâπ ”À√—∫ªØ‘°‘√‘¬“‡øπµ—π  ÷́Ëß
¢—ÈπµÕπ°“√∫”∫—¥ “√øïπÕ≈‘°®–‡√‘Ë¡®“°°“√‡µ‘¡ “√‡§¡’
 ”À√—∫ªØ‘°‘√‘¬“‡øπµ—π (FeSO

4
 · 7H

2
O ·≈– H

2
O

2
) µ“¡

Õ—µ√“ à«π¢â“ßµâπ „™â‡§√◊ËÕß°«πº ¡‡æ◊ËÕ„Àâ‡°‘¥°“√º ¡°—π
√–À«à“ß “√≈–≈“¬øïπÕ≈‘° ‡øÕ√— ´—≈‡øµ ·≈– “√≈–≈“¬
‰Œ‚¥√‡®π‡æÕ√åÕÕ°‰´¥åº ¡‡¢â“°—πÕ¬à“ß¥’  ‚¥¬„™â·∑àß
·¡à‡À≈Á°°«πº ¡ª√–¡“≥ 60 π“∑’ ·≈â«∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘

ÀâÕß‚¥¬‰¡à¡’°“√°«πº ¡‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß ·≈â«∑”°“√
«‘‡§√“–Àå pH  COD  ‰ÕÕÕπ¢Õß´—≈‡øµ  ‰ÕÕÕπ¢Õß‡À≈Á°
·≈–‰ÕÕÕπ¢Õß·§≈‡´’¬¡  À≈—ß®“°π—Èπ∑”°“√‡µ‘¡ CaO

°«πº ¡‡ªìπ‡«≈“ 60 π“∑’ ·≈â«∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‚¥¬
‰¡à¡’°“√°«πº ¡‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß  π” “√≈–≈“¬¡“
°√Õß·≈–∑”°“√«‘‡§√“–Àå§à“ pH  COD ‰ÕÕÕπ¢Õß —́≈‡øµ
‰ÕÕÕπ¢Õß‡À≈Á° ·≈–‰ÕÕÕπ¢Õß·§≈‡´’¬¡∑’Ëµ°§â“ß„π “√
≈–≈“¬À≈—ß°“√°√Õß √«¡∑—Èßµ√«®«—¥ª√‘¡“≥¢Õßµ–°Õπ
·≈–«‘‡§√“–Àåª√‘¡“≥‰ÕÕÕπ¢Õß´—≈‡øµ ‰ÕÕÕπ¢Õß‡À≈Á°
·≈–‰ÕÕÕπ¢Õß·§≈‡ ’́¬¡∑’Ëµ°§â“ß„πµ–°Õπ

§«“¡‡¢â¡¢âπ·≈–ª√‘¡“≥¢Õß “√‡§¡’∑’Ë‡µ√’¬¡°àÕπ
°“√∑¥≈Õß·∫àß‡ªìπ 4 °√≥’ ÷́Ëß‰¥â· ¥ß‰«â„π Table 1

º≈·≈–«‘®“√≥å

°“√„™âÕ—µ√“ à«π¢Õß “√ª√–°Õ∫øïπÕ≈‘°µàÕ‰ÕÕÕπ
‡À≈Á°‡∑à“°—∫ 1: 0.65 ·≈– 1: 0.45  ”À√—∫§«“¡‡¢â¡¢âπ
1100 ppm ·≈– 550 ppm  ‡π◊ËÕß®“°°“√æ‘®“√≥“∂÷ß
º≈°√–∑∫¢Õß ¿“«–°“√‡®◊Õ®“ß (dilution effect) ·µà
Õ¬à“ß‰√°Áµ“¡ °“√∑¥≈Õß∑ÿ°§√—Èß‰¥â§ß ¿“æÕ—µ√“ à«π
¢Õß “√‡øπµ—π√’‡Õ‡®πµå„Àâ¡’§à“§ß∑’Ë§◊Õ ‰ÕÕÕπ‡À≈Á° :

‰Œ‚¥√‡®π‡æÕ√åÕÕ°‰´¥å‡∑à“°—∫ 1 : 11.7 ∫∑«‘®“√≥åµàÕ‰ªπ’È
®–Õâ“ßÕ‘ß°—∫º≈®“°°“√∑¥≈Õß ´÷Ëß°“√«‘®“√≥å®–„™â«‘∏’
‡ª√’¬∫‡∑’¬∫æ“√“¡‘‡µÕ√åµà“ßÊ ∑’Ë«—¥‰¥â√–À«à“ß°“√∫”∫—¥
 “√≈–≈“¬øïπÕ≈°—∫°“√∫”∫—¥ “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√
øïπÕ≈ ‚¥¬æ“√“¡‘‡µÕ√å∑’Ë„™â‡ª√’¬∫‡∑’¬∫§◊Õ pH, COD,

ª√‘¡“≥¢Õß‰ÕÕÕπµà“ßÊ „π “√≈–≈“¬·≈–∑’Ëµ°§â“ß„π

Table 1. Preparation of phenolic compound solutions, Fenton reagents and coagulants

         1100 ppm           550 ppm

Phenol 2,4 DCP Phenol 2,4 DCP

Phenolic compound: 0.0118 mol/L 0.0068 mol/L 0.0059 mol/L 0.0034 mol/L
   concentration and volume 800 cm3 800 cm3 800 cm3 800 cm3

Hydrogen peroxide: 0.9812 mol/L 0.9812 mol/L 0.3400 mol/L 0.3400 mol/L
   concentration and volume 200 cm3 200 cm3 200 cm3 200 cm3

FeSO
4
 · 7H

2
O : weight 2.88 g 2.88 g 1.00 g 1.00 g

CaO(s): weight 2.59 g 2.59 g 0.906 g 0.906 g



Songklanakarin J. Sci. Technol.

Vol.27  No.3  May - Jun. 2005 596

Treatment of phenolic compounds in wastewater

Kaewsichan, L., et al.

µ–°Õπ ¥—ßπ’È
1. °“√‡ª√’¬∫‡∑’¬∫º≈¢Õß§à“ pH ∑’Ë¡’µàÕª√‘¡“≥

¢Õß‰ÕÕÕπ™π‘¥µà“ßÊ §à“ pH ª√‘¡“≥‰ÕÕÕπ¢Õß´—≈‡øµ
‰ÕÕÕπ¢Õß·§≈‡´’¬¡ ·≈–‰ÕÕÕπ¢Õß‡À≈Á°· ¥ß‰«â„π
Table 2 ∂÷ß Table 5

®“°¢âÕ¡Ÿ≈„π Table µà“ßÊ ¢â“ßµâπ®–‡ÀÁπ‰¥â«à“
 “√øïπÕ≈‘°∑—Èß Õß™π‘¥ (øïπÕ≈ ·≈– 2,4 ‰¥§≈Õ‚√øïπÕ≈)

´÷Ëß¡’§à“  pH  Õ¬Ÿà„π™à«ß  5-6  ®–¡’§à“  pH  ª√–¡“≥  2
„π¢≥–∑’Ë‡°‘¥ªØ‘°‘√‘¬“‡øπµ—π‚¥¬∑’Ë‰¡àµâÕßª√—∫§à“ pH

¥â«¬°√¥„¥Ê  · ¥ß«à“„π¢≥–‡°‘¥ªØ‘°‘√‘¬“‡§¡’¢÷Èππ—Èπ
§«“¡‡¢â¡¢âπ¢Õß‰ÕÕÕπ∫«°¢Õß‰Œ‚¥√‡®π‰¥â‡æ‘Ë¡¢÷ÈπÕ¬à“ß
√«¥‡√Á«‡ ¡◊Õπ°—∫°“√‡µ‘¡°√¥·°à„Àâ°—∫√–∫∫  ª√“°Ø°“√≥å
¥—ß°≈à“«· ¥ß∂÷ß§«“¡√ÿπ·√ß¢ÕßªØ‘°‘√‘¬“√’¥Õ° ǻ ‡π◊ËÕß
®“°ªØ‘°‘√‘¬“‡øπµ—π§«√®–‡°‘¥¢÷Èπ„π™à«ß¢Õß pH √–À«à“ß

3-4  ·≈–À“°§à“ pH µË”¡“°‡°‘π‰ªª√– ‘∑∏‘¿“æ¢Õß
ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π°Á®–≈¥≈ß (www.h2o2.com.)

πÕ°®“°π’È°√–∫«π°“√µ°µ–°Õπ¥â«¬ CaO ‡æ◊ËÕ¥÷ß√–¥—∫
§à“ pH „Àâ Ÿß¢÷Èπ°Á®–æ∫«à“ª√‘¡“≥¢Õß CaO ∑’Ë„™â‡ªìπ
ª√‘¡“≥∑’Ë Ÿß‡°‘π¡“µ√∞“ππÈ”∑‘Èß ‡π◊ËÕß®“°„Àâ§à“ pH ¡“°
°«à“ 9 „π∑ÿ°°√≥’  Õ¬à“ß‰√°Áµ“¡°“√≈¥ª√‘¡“≥¢Õß “√
™à«¬µ°µ–°Õπ®– àßº≈µàÕª√‘¡“≥¢Õß‰ÕÕÕπ¢Õß —́≈‡øµ
·≈–‰ÕÕÕπ¢Õß‡À≈Á°∑’Ëµ°§â“ß„π “√≈–≈“¬  ·≈–°“√
·ª√º—πª√‘¡“≥¢Õß “√™à«¬µ°µ–°Õπ §«√®–°√–∑”„π
°√≥’¢ÕßπÈ”‡ ’¬®√‘ß®“°‚√ßß“πÕÿµ “À°√√¡„πÀâÕßªØ‘∫—µ‘
°“√‡æ◊ËÕπ”‰ª„™â®√‘ß„π°“√∫”∫—¥ Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕ —ß‡°µ
¢âÕ·µ°µà“ß√–À«à“ßøïπÕ≈ ·≈– 2,4 ‰¥§≈Õ‚√øïπÕ≈„π·ßà
¢Õß§à“ pH √–À«à“ß°“√‡°‘¥ªØ‘°‘√‘¬“‡øπµ—π·≈–µ°µ–°Õπ
¥â«¬ CaO ®–æ∫«à“§à“ pH ¢Õß “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√

Table 3. Comparison of sulfate in solutions and sediments after coagulation with CaO (numbers

in curved brackets are percent of sulfate in solutions and sediments after the coagula-

tion whereas numbers in square brackets are percent of sediment in comparison with

total weight of CaO using in the systems.)

                Sulfate

Fenton Reaction                               Fenton Reaction + CaO

          Case Acid solutions without Basic solutions Sediments

any sediment (filtrate)

(clear solutions)

vol. UV analysis vol. UV analysis wt UV analysis

(ml) (mg/L) (ml) (mg/L) (g) (mg/L)

phenol 1100 ppm 500 1219 500 1023 (87%) 2.53 [88%] 157 (13 %)
2,4 DCP 1100 ppm 500 1198 500 833 (70 %) 1.72 [60%] 358 (30%)
phenol 550 ppm 500 453 500 379 (93 %) 0.91 [91%] 27 (7 %)
2,4 DCP 550 ppm 500 442 500 313 (77 %) 0.62 [62%] 96 (23%)

Table 2. Comparative pHs of solutions from Fenton reactions and from

coagulation processes.

pH
          Case

initial solution fenton reaction fenton reaction + CaO

phenol 1100 ppm 5.98 2.06 11.42
2,4-DCP 1100 ppm 5.03 1.93 11.95
Phenol 550 ppm 5.95 2.10 9.24
2,4-DCP 550 ppm 5.33 2.22 11.30
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øïπÕ≈¡’§à“ Ÿß°«à“§à“ pH ¢Õß “√≈–≈“¬øïπÕ≈‡≈Á°πâÕ¬
´÷Ëßª√“°Ø°“√≥åπ’Èπà“®– —¡æ—π∏å°—∫ª√‘¡“≥¢Õßµ–°Õπ∑’Ë
‡°‘¥¢÷Èπ ‡π◊ËÕß®“°æ∫«à“ª√‘¡“≥µ–°Õπ„π°√≥’¢Õß “√
≈–≈“¬øïπÕ≈®–¡’§à“ Ÿß°«à“ °√≥’¢Õß 2,4 ‰¥§≈Õ‚√øïπÕ≈
·≈–ª√‘¡“≥¢Õßµ–°Õππà“®– àßº≈∂÷ßª√‘¡“≥¢Õß°“√„™â
‰Œ¥√Õ°‰´¥å‰ÕÕÕπ∑’Ë·µ°µà“ß°—π

2. °“√‡ª√’¬∫‡∑’¬∫°“√≈¥≈ß¢Õß§à“ COD √–À«à“ß
 “√≈–≈“¬øïπÕ≈°—∫ “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈ ¢âÕ¡Ÿ≈
¢Õß§à“ COD ‰¥â· ¥ß‰«â„π Table 6

´÷Ëß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“¢Õß COD ∑’Ë¡’º≈µàÕ
ª√‘¡“≥¢Õß‰ÕÕÕπ¢Õß´—≈‡øµ ‰ÕÕÕπ¢Õß·§≈‡´’¬¡ ·≈–
‰ÕÕÕπ¢Õß‡À≈Á°„π “√≈–≈“¬·≈–„πµ–°Õπ√–À«à“ß°√≥’
¢Õß “√≈–≈“¬øïπÕ≈·≈– “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈
®–‡ÀÁπ‰¥â«à“¢âÕ·µ°µà“ß„π·ßà°“√≈¥≈ß¢Õß§à“ COD „π
°√≥’¢Õß “√≈–≈“¬øïπÕ≈®–¡’§à“ Ÿß°«à“ “√≈–≈“¬ 2,4

‰¥§≈Õ‚√øïπÕ≈„π°√≥’¢Õß “√≈–≈“¬‡¢â¡¢âπ 1100 ppm

·≈–®–¡’§à“„°≈â‡§’¬ß°—π„π°√≥’¢Õß “√≈–≈“¬‡¢â¡¢âπ 550

ppm ª√“°Ø°“√≥åÕ—ππ’Èπà“®–‡°‘¥¢÷Èπ®“°‚§√ß √â“ß‚¡‡≈°ÿ≈

Table 5. Comparison of iron in solutions and sediments after coagulation with CaO (numbers

in curved brackets are percent of iron in sediments and solutions after the coagulation

whereas numbers in square brackets are percent of sediment in comparison with total

weight of CaO using in the systems.)

                Iron

Fenton Reaction                               Fenton Reaction + CaO

          Case Acid solutions without Basic solutions Sediments

any sediment (filtrate)

(clear solutions)

vol. AAS analysis vol. AAS analysis wt AAS analysis

(ml) (mg/L) (ml) (mg/L) (g) (mg/L)

phenol 1100 ppm 500 493 500 1.0 (0.2%) 2.53 [88%] 492 (99.8 %)
2,4 DCP 1100 ppm 500 555 500 0.2 (0.03%) 1.72 [60%] 553 (99.97%)
phenol 550 ppm 500 261 500 0.4 (0.13 %) 0.91 [91%] 261 (99.87%)

Table 4. Comparison of calcium in solutions and sediments after coagulation with CaO (numbers

in curved brackets are percent of calcium in sediments and solutions after the coagula-

tion whereas numbers in square brackets are percent of sediment in comparison with

total weight of CaO using in the systems.)

                calcium

Fenton Reaction                               Fenton Reaction + CaO

          Case Acid solutions without Basic solutions Sediments

any sediment (filtrate)

(clear solutions)

vol. UV analysis vol. AAS analysis wt AAS analysis

(ml) (mg/L) (ml) (mg/L) (g) (mg/L)

phenol 1100 ppm 500 - 500 405 (38%) 2.53 [88%] 654 (62 %)
2,4 DCP 1100 ppm 500 - 500 731 (54 %) 1.72 [60%] 628 (46%)
phenol 550 ppm 500 - 500 189 (48%) 0.91 [91%] 202 (52 %)
2,4 DCP 550 ppm 500 - 500 289 (59 %) 0.62 [62%] 198 (41 %)
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∑’Ë·µ°µà“ß°—π¢Õß “√øïπÕ≈‘°∑—Èß Õß  ‚¥¬∑’Ë‚¡‡≈°ÿ≈¢Õß
2,4 ‰¥§≈Õ‚√øïπÕ≈¡’Õ–µÕ¡¢Õß§≈Õ‰√¥å‡ªìπÕß§åª√–°Õ∫
∑’ËÕ“®®–‡ªìπµ—«¢—¥¢«“ß°“√‡°‘¥ªØ‘°‘¬“ÕÕ°´‘‡¥™—πÀ√◊Õ
°“√µ°µ–°Õπ¢Õß “√º≈‘µ¿—≥±å°Á‰¥â  ·≈–ª√“°Æ°“√≥å
Õ—ππ’È®– —ß‡°µ‰¥â™—¥‡¡◊ËÕ§«“¡‡¢â¡¢âπµ—Èßµâπ¢Õß “√øîπÕ≈‘°
¡’§à“ Ÿß (1100 ppm) ·µà‡¡◊ËÕ§«“¡‡¢â¡¢âπµ—Èßµâπ¡’§à“µË”≈ß
(550 ppm)  §«“¡‡®◊Õ®“ß¢Õß√–∫∫®–∑”„Àâ‚Õ°“ ¢Õß
ªØ‘°‘√‘¬“‡§¡’·≈–°“√µ°µ–°Õπ„π°√≥’¢Õß 2,4 ‰¥§≈Õ‚√
øïπÕ≈¡’§à“„°≈â‡§’¬ß°—π°—∫°√≥’¢ÕßøïπÕ≈‡¡◊ËÕæ‘®“√≥“
°√≥’¢Õß°“√µ°µ–°Õπ¢Õß´—≈‡øµ·≈–·§≈‡´’¬¡æ∫«à“
·§≈‡´’¬¡ÕÕ°‰´¥å‰¡à “¡“√∂µ°µ–°Õπ¢Õß´—≈‡øµ‰¥â¡“°
π—°®÷ß∑”„Àâ¡’́ —≈‡øµ„π„π “√≈–≈“¬‡À≈◊ÕÕ¬Ÿà¡“°°«à“ 50%

„π∑ÿ°°√≥’ ·≈–æ∫«à“„π°√≥’¢Õß “√≈–≈“¬øïπÕ≈®–¡’
‡ªÕ√å‡´Áπµå¢Õß°“√µ°µ–°Õπ´—≈‡øµπâÕ¬°«à“°√≥’¢Õß
 “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈   à«π°√≥’¢Õß·§≈‡´’¬¡

Table 6.  Comparative COD of the solutions between initial and after Fenton

reaction : Numbers in brackets represent percent reduction from

the initial CODs

COD (mg/L)
             Case #

Initial solution fenton rection fenton reaction + CaO

1 (phenol 1100 ppm) 2702 248 (91%) 19 (99%)
2 (2,4 DCP 1100 ppm) 1345 382 (71%) 194 (85%)
3 (phenol 550 ppm) 1150 219 (81%) 27 (97%)
4 (2,4 DCP 550 ppm) 725 106 (85%) 48 (93%)

Table 7. Solubility products (K
sp

) at 25ºC of various salts in the solutions

in which Fenton reactions of phenol and 2,4-Dichlorophenol

were taking place.

Salt Formula solubility K
sp

(g/100 cm3 of solution)

Calcium hydroxide Ca(OH)
2

0.1850C, 0.077100C 4.68x10-6

Calcium sulfate CaSO
4

0.2090C, 0.1619100C 7.1x10-5

Ferrous hydroxide Fe(OH)
2

0.0001518C 4.87x10-17

Ferric hydroxide Fe(OH)
3

- 2.64x10-39

Ferrous chloride FeCl
2

64.410C, 105.7100C -
Ferric chloride FeCl

3
74.40C,535.7100C -

Calcium chloride CaCl
2

74.520C, 159100C -
Calcium chlorate Ca(ClO

3
)

2
soluble -

Calcium perchlorate Ca(ClO4)
2

188.6525C -

æ∫«à“°“√≈–≈“¬¢Õß‰ÕÕÕπ¢Õß·§≈‡´’¬¡„π°√≥’¢Õß
 “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈®– Ÿß°«à“°“√≈–≈“¬¢Õß
‰ÕÕÕπ¢Õß·§≈‡´’¬¡„π “√≈–≈“¬øïπÕ≈ ´÷Ëßπà“®–‡°‘¥®“°
º≈¢Õß§≈Õ‰√¥å„πÕ–µÕ¡¢Õß 2,4 ‰¥§≈Õ‚√øïπÕ≈ ( —ß‡°µ
®“°§à“§«“¡ “¡“√∂„π°“√≈–≈“¬ ·≈–§à“ Ksp ¢Õß‡°≈◊Õ
µà“ßÊ ∑’Ë “¡“√∂®–‡°‘¥¢÷Èπ‰¥â¥—ß· ¥ß‰«â„π Table 7)

3. ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥¢Õß‰ÕÕÕπÀ≈“¬Ê ™π‘¥ „π
 “√≈–≈“¬·≈–„πµ–°ÕπÀ≈—ß°“√∫”∫—¥

3.1 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥¢Õß‰ÕÕÕπ¢Õß
·§≈‡ ’́¬¡ æ∫«à“§à“√âÕ¬≈–¢Õßª√‘¡“≥‰ÕÕÕπ¢Õß·§≈‡ ’́¬¡
∑’Ëµ°µ–°Õπ„π°√≥’¢Õß “√≈–≈“¬øïπÕ≈¡’§à“¡“°°«à“„π
°√≥’ “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈πà“®–‡ªìπº≈¢ÕßªØ‘-
°‘√‘¬“‡øπµ—π„π√–∫∫¢Õß “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈
‰¥â‡°‘¥‰ÕÕÕπ≈∫À≈“¬™π‘¥ ‡™àπ §≈Õ‰√¥å‰ÕÕÕπ §≈Õ‡√µ
‰ÕÕÕπ ·≈–‡æÕ√å§≈Õ‡√µ‰ÕÕÕπ πÕ°‡Àπ◊Õ‰ª®“°´—≈‡øµ
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‰ÕÕÕπ·≈–‰Œ¥√Õ°‰´¥å‰ÕÕÕπ µ“¡À≈—°¢Õß ¿“æ§«“¡
‡ªìπ°≈“ß∑“ß‰øøÑ“ (electroneutrality) √–∫∫¢Õß “√
≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈ ®–µâÕß°“√ª√‘¡“≥‰ÕÕÕπ∫«°
‡æ◊ËÕ¥ÿ≈ª√–®ÿ√«¡∑’Ë¡“°°«à“√–∫∫¢Õß “√≈–≈“¬øïπÕ≈∑’Ë
‰¡à¡’ª√–®ÿ¢Õß§≈Õ‰√¥å‰ÕÕÕπ §≈Õ‡√µ‰ÕÕÕπ ·≈–‡æÕ√å
§≈Õ‡√µ‰ÕÕÕπ  ·≈–ª√–®ÿ∫«°∑’Ëπ”¡“„™â¥ÿ≈°Á§◊Õ·§≈‡´’¬¡
‰ÕÕÕπ  (‡π◊ËÕß®“°‡øÕ√— ‰ÕÕÕπ  ·≈–‡øÕ√‘°‰ÕÕÕπ ®–
µ°µ–°Õπ‡°◊Õ∫ 100% „π√Ÿª¢Õß‡°≈◊Õ Fe(OH)

2
 ·≈–

Fe(OH)
3
) ∑”„Àâ‡ªÕ√å‡´πµå°“√µ°µ–°Õπ¢Õß·§≈‡ ’́¬¡

„π°√≥’ “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈¡’§à“πâÕ¬°«à“°√≥’
¢Õß “√≈–≈“¬øïπÕ≈

3.2 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥¢Õß‰ÕÕÕπ¢Õß
´—≈‡øµ æ∫«à“§à“√âÕ¬≈–¢Õßª√‘¡“≥´—≈‡øµ∑’Ëµ°µ–°Õπ„π
°√≥’¢Õß “√≈–≈“¬øïπÕ≈ ¡’§à“πâÕ¬°«à“„π°√≥’ “√≈–≈“¬
2,4 ‰¥§≈Õ‚√øïπÕ≈ ‡Àµÿº≈¢Õßª√“°Æ°“√≥åπ’È®–µàÕ‡π◊ËÕß
°—∫°“√‡ª√’¬∫‡∑’¬∫§à“√âÕ¬≈–°“√µ°µ–°Õπ¢Õß·§≈‡´’¬¡
¢â“ßµâπ ‡π◊ËÕß®“°√–∫∫¢Õß “√≈–≈“¬øïπÕ≈¡’ª√–®ÿ¢Õß
‰ÕÕÕπ≈∫‡©æ“–´—≈‡øµ‰ÕÕÕπ·≈–‰Œ¥√Õ°‰´¥å‰ÕÕÕπ
‡∑à“π—Èπ µ“¡À≈—°°“√¢Õß ¿“æ§«“¡‡ªìπ°≈“ß∑“ß‰øøÑ“
®÷ßµâÕß°“√∑’Ë®–¥÷ß‡Õ“´—≈‡øµ‰ÕÕÕπ‰«â„π«—Ø¿“§¢Õß‡À≈«
‡æ◊ËÕ¥ÿ≈°—∫·§≈‡´’¬¡‰ÕÕÕπ∑’Ë¡’„π√–∫∫

3.3 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥¢Õß‰ÕÕÕπ¢Õß
‡À≈Á° ®–‡ÀÁπ‰¥â«à“‰ÕÕÕπ¢Õß‡À≈Á°µ°µ–°Õπ‡°◊Õ∫ 100%

„π∑ÿ°°√≥’‡π◊ËÕß®“°§à“ KSP ¢Õß Fe(OH)
2
 ·≈– Fe(OH)

3

¡’§à“µË”¡“°  „π¢≥–∑’Ë√–∫∫¡’§à“  pH   Ÿß¡“°  ∑”„Àâ¡’
‰Œ¥√Õ°‰´¥å‰ÕÕÕπ„πª√‘¡“≥∑’Ë¡“°

4. ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥¢Õßµ–°Õπ∑’Ë‰¥â°—∫ª√‘¡“≥
¢Õß CaO ∑’Ë„™â

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥µ–°Õπ∑’Ë‡°‘¥¢÷Èπ°—∫
ª√‘¡“≥¢Õß·§≈‡ ’́¬¡ÕÕ°‰´¥å ®–æ∫§à“√âÕ¬≈–¢ÕßπÈ”Àπ—°
µ–°Õπ‡∑’¬∫°—∫πÈ”Àπ—°¢Õß CaO ∑’Ë‡µ‘¡≈ß„π√–∫∫„π°√≥’
¢Õß “√≈–≈“¬øïπÕ≈¡’§à“¡“°°«à“°√≥’¢Õß “√≈–≈“¬ 2,4

‰¥§≈Õ‚√øïπÕ≈ ‚¥¬∑’Ë°“√µ°µ–°Õπ„π “√≈–≈“¬øïπÕ≈¡’
§à“ª√–¡“≥ 90%  „π¢≥–∑’Ë°“√µ°µ–°Õπ„π “√≈–≈“¬
2,4 ‰¥§≈Õ‚√øïπÕ≈¡’§à“ª√–¡“≥ 60% ‡∑à“π—Èπ  ‡¡◊ËÕ
æ‘®“√≥“‡©æ“–§à“ COD ‡√‘Ë¡µâπ¢Õß “√≈–≈“¬∑—Èß Õß
·¡â«à“®–¡’§à“§«“¡‡¢â¡¢âπ (ppm) ‡∑à“°—π·µà§à“ COD ¢Õß
øïπÕ≈®–¡’§à“ Ÿß°«à“§à“ COD ¢Õß 2,4 ‰¥§≈Õ‚√øïπÕ≈

ª√–¡“≥ 2 ‡∑à“ ·≈–√âÕ¬≈–¢Õß°“√≈¥≈ß¢Õß§à“ COD „π
°√≥’¢Õß “√≈–≈“¬øïπÕ≈®–¡’§à“ Ÿß°«à“°√≥’¢Õß “√≈–≈“¬
2,4 ‰¥§≈Õ‚√øïπÕ≈ ∑”„Àâ‰¥â¢âÕ —ß‡°µ«à“º≈‘µ¿—≥±å®“°
ªØ‘°‘√‘¬“‡øπµ—π¢Õß “√≈–≈“¬øïπÕ≈ ¡’§à“ Ÿß°«à“º≈‘µ¿—≥±å
®“°ªØ‘°‘√‘¬“‡øπµ—π¢Õß “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈
·≈–º≈‘µ¿—≥±å‡À≈à“π’È¡’∫“ß à«πæ√âÕ¡∑’Ë®–µ°µ–°Õπ ¥â«¬
ª√‘¡“≥¢Õßº≈‘µ¿—≥±å∑’Ë¡“°°«à“∑”„Àâª√‘¡“≥µ–°Õπ¢Õß
ªØ‘°‘√‘¬“¢Õß “√≈–≈“¬øïπÕ≈ ¡’§à“ Ÿß°«à“ª√‘¡“≥µ–°Õπ
¢ÕßªØ‘°‘√‘¬“¢Õß “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈ ·≈–‡ªìπ
Õ’°‡Àµÿº≈Àπ÷Ëß∑’Ë∑”„Àâª√‘¡“≥¢Õß·§≈‡´’¬¡‰ÕÕÕπµ°§â“ß
Õ¬Ÿà„π “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈¡“°°«à“„π “√≈–≈“¬
øïπÕ≈

§«“¡µâÕß°“√∑’Ë®–π”º≈¢âÕ¡Ÿ≈°“√«‘®—¬‰ª„™â°—∫
√–∫∫πÈ”‡ ’¬®“°‚√ßß“π ·π«‚πâ¡∑’Ë‡°‘¥¢÷Èπ°Á§◊Õ°“√∫”∫—¥
πÈ”‡ ’¬∑’Ë¡’ “√ª√–°Õ∫øïπÕ≈‘°¥â«¬ªØ‘°‘√‘¬“‡øπµ—π ‡™àπ
πÈ”‡ ’¬®“°‚√ßß“πÕÿµ “À°√√¡À≈“¬Ê ª√–‡¿∑ ®–‰¡à
 “¡“√∂·ª√º—πª√‘¡“≥¢Õß “√µ—Èßµâπ‡øπµ—π (‰Œ‚¥√‡®π
‡æÕ√åÕÕ°‰´¥å ·≈–‰ÕÕÕπ‡À≈Á°) °—∫ª√‘¡“≥ COD ¢Õß
πÈ”‡ ’¬‡√‘Ë¡µâπ‰¥â ·¡â«à“§à“ COD ®–‡ªìπøíß°å™—π∑’Ëº—πµ√ß
°—∫ª√‘¡“≥¢Õßª√‘¡“≥§“√å∫Õπ·≈–ÕÕ° ‘́‡®π„π‚¡‡≈°ÿ≈
¢Õß “√øîπÕ≈‘°°Áµ“¡  ‡π◊ËÕß®“°‚§√ß √â“ß‚¡‡≈°ÿ≈¢Õß
 “√øîπÕ≈‘°∑’Ë¡’Õ–µÕ¡Õ◊ËπÊ ∑’ËπÕ°‡Àπ◊Õ®“°Õ–µÕ¡¢Õß
§“√å∫Õπ ‰Œ‚¥√‡®π ·≈–ÕÕ°´‘‡®π ®– àßº≈„Àâ°≈‰°„π°“√
‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑’Ë·µ°µà“ß°—π πÕ°®“°π’ÈªØ‘°‘√‘¬“
°“√µ°µ–°Õπ¥â«¬‡∫ ‰Œ¥√Õ°‰´¥åÀ≈—ßªØ‘°‘√‘¬“‡øπµ—π
 ”À√—∫ “√øîπÕ≈‘°µà“ß™π‘¥°—π°Á„Àâº≈∑’Ë·µ°µà“ß°—π ¥—ßπ—Èπ
°“√∫”∫—¥πÈ”‡ ’¬®“°‚√ßß“πÕÿµ “À°√√¡¥â«¬ªØ‘°‘√‘¬“
‡øπµ—π §«√®–¡’°“√∑¥ Õ∫°“√„™âª√‘¡“≥¢Õß “√µ—Èßµâπ
„πÀâÕßªØ‘∫—µ‘°“√°àÕπ‡ ¡Õ

 √ÿª

1. ‡ªÕ√å‡ Á́πµå°“√≈¥≈ß¢Õß§à“ COD ¢Õß “√
≈–≈“¬øïπÕ≈ Ÿß°«à“¢Õß “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈
∑—Èß°√≥’ 1100 ppm (99% ·≈– 85%) ·≈– 550 ppm

(97% ·≈– 93 %)

2. §à“√âÕ¬≈–¢Õßª√‘¡“≥‰ÕÕÕπ¢Õß·§≈‡ ’́¬¡∑’Ë
µ°µ–°Õπ„π°√≥’¢Õß “√≈–≈“¬øïπÕ≈¡’§à“¡“°°«à“„π
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°√≥’ “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈ ∑—Èß°√≥’ 1100 ppm

(62% ·≈– 46%) ·≈– 550 ppm (52% ·≈– 41%)

3. §à“√âÕ¬≈–¢Õßª√‘¡“≥´—≈‡øµ ∑’Ëµ°µ–°Õπ„π
°√≥’¢Õß “√≈–≈“¬øïπÕ≈¡’§à“πâÕ¬°«à“„π°√≥’ “√≈–≈“¬
2,4 ‰¥§≈Õ‚√øïπÕ≈  ∑—Èß°√≥’ 1100 ppm (13% ·≈–
30%) ·≈– 550 ppm (7% ·≈– 23%)

4. ‰ÕÕÕπ¢Õß‡À≈Á°µ°µ–°Õπ‡°◊Õ∫ 100% „π∑ÿ°
°√≥’ ‡π◊ËÕß®“°§à“ KSP ¢Õß Fe(OH)

2
  ·≈– Fe(OH)

3
)

¡’§à“µË”¡“°  „π¢≥–∑’Ë√–∫∫¡’§à“  pH   Ÿß¡“°  ∑”„Àâ¡’
‰Œ¥√Õ°‰´¥å‰ÕÕÕπ„πª√‘¡“≥∑’Ë¡“°

5. §à“√âÕ¬≈–¢ÕßπÈ”Àπ—°µ–°Õπ‡∑’¬∫°—∫πÈ”Àπ—°
¢Õß CaO ∑’Ë‡µ‘¡≈ß„π√–∫∫„π°√≥’¢Õß “√≈–≈“¬øïπÕ≈¡’
§à“¡“°°«à“°√≥’¢Õß “√≈–≈“¬ 2,4 ‰¥§≈Õ‚√øïπÕ≈

°‘µµ‘°√√¡ª√–°“»

ß“π«‘®—¬π’È‰¥â√—∫‡ß‘π®“°∑ÿπ π—∫ πÿπ°“√«‘®—¬ ®“°
‡ß‘πß∫ª√–¡“≥·ºàπ¥‘π ªï 2547   ¢Õ¢Õ∫§ÿ≥¿“§«‘™“
«‘»«°√√¡‡§¡’ §≥–«‘»«°√√¡»“ µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“-
π§√‘π∑√å „π°“√‡Õ◊ÈÕ‡øóôÕ ∂“π∑’Ë·≈–Õÿª°√≥åµà“ßÊ

‡Õ° “√Õâ“ßÕ‘ß
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