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ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“§«“¡‡ªìπ‰ª‰¥â„π°“√ª√—∫ª√ÿß§ÿ≥¿“æπÈ”À≈—ßºà“π°“√∫”∫—¥¥â«¬°√–∫«π°“√·∫∫

µ–°Õπ‡√àß¢Õß‚√ßß“π¬âÕ¡ºâ“‡æ◊ËÕπ”°≈—∫¡“„™â„À¡à ‚¥¬∑”°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√°”®—¥ ’¬âÕ¡¥â«¬«‘∏’

‡øπµÕπ√’‡Õ‡®πµå ·≈–À“ ¿“«–∑’Ë‡À¡“– ¡„π°“√„™â “√≈–≈“¬‚æ·∑ ‡´’¬¡‡ªÕ√å¡—ß°“‡πµ°”®—¥‡À≈Á° °àÕππ”¡“

ª√—∫ª√ÿß§ÿ≥¿“æ‚¥¬ºà“π∂à“π°—¡¡—πµå‡√´‘π·≈°‡ª≈’Ë¬π‰ÕÕÕπÀ√◊Õ√’‡«Õ√å ÕÕ ‚¡´‘  ‡æ◊ËÕ»÷°…“§ÿ≥≈—°…≥–¢ÕßπÈ”

À≈—ßª√—∫ª√ÿß§ÿ≥¿“æ‡‡≈–æ‘®“√≥“§«“¡‡À¡“– ¡„π°“√π”°≈—∫‰ª„™â„π‚√ßß“π º≈°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π

°“√∫”∫—¥ ’¥â«¬«‘∏’‡øπµÕπ√’‡Õ‡®πµå  æ∫«à“°“√ª√—∫§à“§«“¡‡ªìπ°√¥ - ¥à“ß¢ÕßπÈ”‡ªìπ 4.0  “√≈–≈“¬‡øÕ√å√— ´—≈‡øµ

100 ¡°./≈. ·≈–‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å 27.5 ¡°./≈. „Àâª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥ ’√âÕ¬≈– 92.66 ·µàª√‘¡“≥

‡À≈Á°„ππÈ”‡æ‘Ë¡¢÷Èπ®“°‡¥‘¡ À≈—ß®“°°”®—¥‚¥¬ÕÕ° ‘́‰¥ ǻ‡À≈Á°¥â«¬ “√≈–≈“¬‚æ·∑ ‡ ’́¬¡‡ªÕ√å¡—ß°“‡πµ„πÕ—µ√“ à«π

1 : 1 ·≈–»÷°…“°“√·ª√º—π§à“§«“¡‡ªìπ°√¥-¥à“ß„π™à«ß 8.0-10.0 æ∫«à“‡¡◊ËÕª√—∫§à“§«“¡‡ªìπ°√¥-¥à“ß„Àâ¡’§à“ 9.5

®–„Àâª√– ‘∑∏‘¿“æ„π°“√°”®—¥ Ÿß ÿ¥§◊Õ√âÕ¬≈– 98.28 ·≈–º≈®“°°“√«‘‡§√“–Àå§ÿ≥¿“æπÈ”„πæ“√“¡‘‡µÕ√åÕ◊ËπÊ æ∫

«à“πÈ”À≈—ßºà“π°“√°”®—¥ ’·≈–‡À≈Á° “¡“√∂π”‰ª„™â‡ªìππÈ”≈â“ßæ◊Èπ‚√ßß“π πÈ”™—°‚§√° πÈ”√¥µâπ‰¡â ·≈– “¡“√∂π”

‰ª„™â„π√–∫∫πÈ”À≈àÕ‡¬Áπ·∫∫ºà“π§√—Èß‡¥’¬«‰¥â πÕ°®“°π’È°“√»÷°…“°“√°”®—¥ ’·≈–‡À≈Á°∑’Ë‡À≈◊Õ‚¥¬°√–∫«π°“√¥Ÿ¥

´—∫¥â«¬∂à“π°—¡¡—πµå æ∫«à“™à«¬≈¥§«“¡°√–¥â“ß®“° 83.04 „Àâ‡À≈◊Õ 2.08 ¡°./≈. „π√ŸªÀ‘πªŸπ ·≈–ª√‘¡“≥·§≈‡´’¬¡®“°

68.51 „Àâ‡À≈◊Õ 0 ¡°./≈. „π√ŸªÀ‘πªŸπ ·µà§à“§«“¡‡ªìπ°√¥-¥à“ßÀ≈—ß°“√∫”∫—¥¡’§à“ Ÿß¢÷Èπ‡ªìπ 9.45 µâÕßª√—∫§à“

§«“¡‡ªìπ°√¥-¥à“ß „Àâ≈¥≈ß¥â«¬ “√≈–≈“¬°√¥´—≈øî«√‘° ·≈–π”‰ªºà“π°“√°√Õß¥â«¬√’‡«Õ√å ÕÕ ‚¡´‘ À√◊Õ°“√

·≈°‡ª≈’Ë¬π‰ÕÕÕπ°àÕππ”‰ª„™â ®“°º≈°“√»÷°…“æ∫«à“°√–∫«π°“√∑—Èß Õß™π‘¥™à«¬∫”∫—¥„ÀâπÈ”¡’§ÿ≥¿“æ‡À¡“– ¡

 ”À√—∫π”‰ª„™â„π°√–∫«π°“√º≈‘µ ÀÕÀ≈àÕ‡¬Áπ ·≈–À¡âÕ‰ÕπÈ”‰¥â
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Treatability of the effluent from the activated sludge process in dyeing industry for re-use was investigated.
The methods consist of the color removal by Fentonûs reagent  followed  by oxidation with potassium permanganate
for the iron removal, the remained contaminants were reduced by activated carbon and ion exchange or
membrane processes. It was found that the optimum pH of 4.0, ferroussulfate and hydrogenperoxide at concentration
of 100 and 27.5 mg/l respectively were suitable for Fentonûs reagent with  the color removal  efficiency of 92.66
%. After this  process, the iron concentration in treated water was increased so potassium  permanganate were  used
to  get  rid  of  iron  with  a  KMnO4 /Fe mole ratio of  1:1  and varied  pH  in the range of  8.0 - 10.0.  The results
showed  that  the optimum  pH  was  9.5 with the  iron  removal  efficiency of  98.28 %. the treated water were
suitable to use for toilets, lawn sprinklers, cleaning  floor  and once through cooling water. The results of  study
by the activated carbon,  the total  hardness  and  calcium were reduced  from 83.04  and 68.51 mg/l as CaCO3

to  2.08 and 0 mg/l as CaCO3, respectively  but the pH value was increased to 9.45 so the treated water was
neutralized with H2SO4 solution and feeded through ion exchange or membrane process to improve  the
qualities of water in order to use in the processes, cooling tower and boiler.
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1. ∫∑π”

„π™à«ß∑’Ëºà“π¡“∑√—æ¬“°√πÈ”´÷Ëß‡ªìπªí®®—¬ ”§—≠„π°“√¥”‡π‘π™’«‘µ·≈–°‘®°√√¡µà“ßÊ ª√– ∫ªí≠À“°“√

¢“¥·§≈π  ‡π◊ËÕß®“°‰¡à¡’°“√«“ß·ºπ¥â“π°“√®—¥ √√∑√—æ¬“°√·≈–¢“¥¡“µ√°“√„π°“√ªÑÕß°—πªí≠À“¥â“π ‘Ëß·«¥≈âÕ¡

πÈ”„π·¡àπÈ”≈”§≈Õß®÷ß‡°‘¥°“√‡πà“‡ ’¬ ¡’°“√ – ¡¢Õß “√¡≈æ‘… ‰¡à “¡“√∂π”¡“Õÿª‚¿§∫√‘‚¿§‰¥â „πªí®®ÿ∫—π∑“ß

¿“§√—∞‰¥â„Àâ§«“¡ ”§—≠°—∫ªí≠À“§«“¡‡ ◊ËÕ¡‚∑√¡¥â“π§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡¡“°¢÷Èπ ¡’°“√ √â“ß√–∫∫∫”∫—¥πÈ”‡ ’¬

À≈“¬·Ààß„π‡¢µ°√ÿß‡∑æ¡À“π§√·≈–°”Àπ¥¡“µ√°“√§«∫§ÿ¡¡≈¿“«–´÷Ëß‡°‘¥®“°°“√√–∫“¬πÈ”‡ ’¬¢Õß™ÿ¡™π·≈–

¿“§Õÿµ “À°√√¡  ‚¥¬§‘¥§à“„™â®à“¬„π°“√∫”∫—¥√«¡°—∫§à“πÈ”ª√–ª“∑’Ë„™â¥—ßπ’È  [1]

πÕ°®“°π’Èªí≠À“°“√∑√ÿ¥µ—«¢Õß·ºàπ¥‘π∑”„Àâ√—∞∫“≈ª√–°“»Àâ“¡„™âπÈ”∫“¥“≈ ‡ªìπ‡Àµÿ„Àâ‚√ßß“π

Õÿµ “À°√√¡µà“ßÊ ÷́Ëß¡’§«“¡®”‡ªìπ„π°“√„™âπÈ” ”À√—∫°√–∫«π°“√º≈‘µ‰¥â√—∫º≈°√–∑∫  à«π‚√ßß“π∑’Ëµ—ÈßÕ¬Ÿà¿“¬„π

π‘§¡Õÿµ “À°√√¡ª√‘¡“≥πÈ”∑’Ë®–π”¡“„™â„π‚√ßß“π®–¡’°“√§”π«≥µ“¡æ◊Èπ∑’Ë¢Õß‚√ßß“π ¥—ßπ—Èπ°“√À¡ÿπ‡«’¬ππÈ”

‡æ◊ËÕπ”°≈—∫¡“„™â„À¡à®÷ß‡ªìπ·π«∑“ß„π°“√·°âªí≠À“°“√¢“¥·§≈ππÈ”„™â ™à«¬≈¥µâπ∑ÿπ°“√º≈‘µ·≈–ª√‘¡“≥¢Õß

‡ ’¬∑’Ë‡°‘¥¢÷Èπ

„πß“π«‘®—¬‰¥â‡≈◊Õ°»÷°…“πÈ”∑‘Èß∑’Ëºà“π°√–∫«π°“√µ–°Õπ‡√àß®“°‚√ßß“πøÕ°¬âÕ¡¡“ª√—∫ª√ÿß§ÿ≥¿“æ ‡æ◊ËÕ

À¡ÿπ‡«’¬ππ”°≈—∫¡“„™â„À¡à ‡π◊ËÕß®“°‡ªìπÕÿµ “À°√√¡∑’ËµâÕß„™âπÈ”„π°√–∫«π°“√º≈‘µ¡“° ¡’ª√‘¡“≥πÈ”∑‘Èß Ÿß·≈–¡’

 “√‡§¡’ªπ‡ªóôÕπÀ≈“¬™π‘¥ ‚¥¬‡©æ“– ’¬âÕ¡πÈ”∑‘Èß∑’Ëºà“π°√–∫«π°“√∫”∫—¥·¡â®–¡’§ÿ≥¿“æºà“πµ“¡¡“µ√∞“π·µà

¬—ß¡’ ’‡À≈◊ÕÕ¬Ÿà ‡æ√“– ’∫“ß™π‘¥®ÿ≈‘π∑√’¬å¬àÕ¬ ≈“¬‰¥â¬“° °“√«‘®—¬‰¥â‡≈◊Õ°„™â«‘∏’‡øπµÕπ√’‡Õ‡®πµå´÷Ëßª√–°Õ∫¥â«¬

 “√≈–≈“¬‡øÕ√å√— ´—≈‡øµ·≈– “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å„π°“√≈¥ ’ ·≈–„™â “√≈–≈“¬‚æ·∑ ‡´’¬¡ ‡ªÕ√å¡—ß°“

‡πµ„π°“√°”®—¥ ‡À≈Á°∑’Ë‡À≈◊Õ À≈—ß®“°π—Èπ®–π”‰ªºà“π°√–∫«π°“√¥Ÿ¥´—∫¥â«¬∂à“π°—¡¡—πµå √’‡«Õ√å ÕÕ ‚¡´‘ ·≈–

‡√´‘π·≈°‡ª≈’Ë¬π‰ÕÕÕπ ‡æ◊ËÕ„Àâ‰¥âπÈ”∑’Ë¡’§ÿ≥¿“æ‡À¡“– ¡„π°“√π”‰ª„™â¿“¬„π‚√ßß“π ‚¥¬§”π÷ß∂÷ß«‘∏’°“√∑’Ë¡’

ª√– ‘∑∏‘¿“æ  –¥«°·°à°“√§«∫§ÿ¡ ·≈–¡’§à“„™â®à“¬„π°“√¥”‡π‘π°“√µË” °“√ÕÕ°´‘‰¥´å ’‚¥¬„™â‡øπµÕπ√’‡Õ‡®πµå

‡ªìπ°“√„™â “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å∑”ªØ‘°‘√‘¬“°—∫‡øÕ√å√— ´—≈‡øµ ‡æ◊ËÕ‡ªìπµ—«°√–µÿâπ„Àâ‡°‘¥Õπÿ¡Ÿ≈‰Œ¥√Õ°

‘́≈¥—ß ¡°“√∑’Ë 1

   √“§“πÈ”  =  §à“πÈ”¥‘∫ + §à“º≈‘µπÈ” + §à“∫”∫—¥πÈ”‡ ’¬√“§“πÈ”  =  §à“πÈ”¥‘∫ + §à“º≈‘µπÈ” + §à“∫”∫—¥πÈ”‡ ’¬√“§“πÈ”  =  §à“πÈ”¥‘∫ + §à“º≈‘µπÈ” + §à“∫”∫—¥πÈ”‡ ’¬√“§“πÈ”  =  §à“πÈ”¥‘∫ + §à“º≈‘µπÈ” + §à“∫”∫—¥πÈ”‡ ’¬√“§“πÈ”  =  §à“πÈ”¥‘∫ + §à“º≈‘µπÈ” + §à“∫”∫—¥πÈ”‡ ’¬

Õπÿ¡Ÿ≈Õ‘ √–∑’Ë‡°‘¥¢÷Èπ¡’§à“»—°¬å„π°“√ÕÕ°´‘‰¥´å Ÿß [2] ´÷Ëß “¡“√∂∑”≈“¬‚§√ß √â“ß¢Õß‚¡‡≈°ÿ≈ ’¬âÕ¡„Àâ¡’

¢π“¥‡≈Á°≈ß·≈–°”®—¥‰¥âßà“¬¢÷Èπ

2. °“√¥”‡π‘πß“π«‘®—¬

µ—«Õ¬à“ßπÈ”∑’Ë∑”°“√«‘®—¬§◊ÕπÈ”∑’Ëºà“π°“√∫”∫—¥·∫∫°√–∫«π°“√µ°µ–°Õπ‡√àß¢Õß‚√ßß“π¬âÕ¡ºâ“ ‚¥¬

∑”°“√»÷°…“§ÿ≥¿“æ¢ÕßπÈ”µ—«Õ¬à“ß°àÕππ”‰ªª√—∫ª√ÿß§ÿ≥¿“æπÈ”µ“¡°√–∫«π°“√µà“ßÊ §◊Õ

Fe2+ + H2O2  Fe3+ + OH•  + OH- (1)
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2.1 ∫”∫—¥ ’®“°πÈ”‡ ’¬‚¥¬«‘∏’‡øπµÕπ√’‡Õ‡®πµå

      „π°“√∑¥≈Õß∫”∫—¥ ’‚¥¬‡øπµÕπ√’‡Õ‡®πµå  „™â«‘∏’®“√å‡∑ µå‡æ◊ËÕÀ“ ¿“«–∑’Ë‡À¡“– ¡„π°“√∫”∫—¥ ‚¥¬

∑”°“√·ª√º—π§à“§«“¡‡ªìπ°√¥-¥à“ß ª√‘¡“≥ “√≈–≈“¬‡øÕ√å√— ´—≈‡øµ·≈– “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å π”

πÈ”∑’Ëºà“π°“√∫”∫—¥¥—ß°≈à“«‰ª«‘‡§√“–Àå§«“¡‡¢â¡ ’‚¥¬«—¥‡ªÕ√å‡´πµå°“√ àÕßºà“π· ß¥â«¬‡§√◊ËÕß ‡ª°‚∑√‚ø‚µ¡‘‡µÕ√å

·≈–§”π«≥§à“§«“¡‡¢â¡ ’¥â«¬‚ª√·°√¡‡Õ¥’‡ÕÁ¡‰Õ  à«πæ“√“¡‘‡µÕ√åÕ◊Ëπ∑’Ë∑”°“√«‘‡§√“–Àå§◊Õ §à“´’‚Õ¥’ ·≈–ª√‘¡“≥

‡À≈Á°∑’Ë‡À≈◊Õ

2.2 °“√≈¥ª√‘¡“≥‡À≈Á°∑’Ë‡À≈◊Õ¥â«¬ “√≈–≈“¬‚æ·∑ ‡´’¬¡‡ªÕ√å¡—ß°“‡πµ

      °”®—¥‡À≈Á°∑’Ë‡À≈◊Õ„ππÈ”À≈—ß°“√∫”∫—¥ ’¥â«¬‡øπµÕπ√’‡Õ‡®πµå  ‚¥¬„™âÕ—µ√“ à«π “√≈–≈“¬‚æ·∑ ‡´’¬¡

‡ªÕ√å¡—ß°“‡πµ : ‡À≈Á° ‡ªìπ 1 : 1 ·≈–À“ ¿“«–§«“¡‡ªìπ°√¥-¥à“ß∑’Ë‡À¡“– ¡ ‚¥¬·ª√º—π„π™à«ß 8.0 - 10.0 π”

πÈ”∑’Ëºà“π°“√∫”∫—¥¥—ß°≈à“«‰ª«‘‡§√“–Àå§ÿ≥¿“æπÈ”

2.3 °√–∫«π°“√¥Ÿ¥´—∫¥â«¬∂à“π°—¡¡—πµå

2.3.1 ∑¥≈ÕßÀ“Õ“¬ÿ°“√„™âß“π¢Õß∂à“π°—¡¡—πµå‚¥¬∫√√®ÿ∂à“π°—¡¡—πµå„π§Õ≈—¡πå‡ âπºà“π»Ÿπ¬å°≈“ß

2.2 ´.¡. „Àâ¡’√–¥—∫§«“¡ Ÿß¢Õß∂à“π°—¡¡—πµå 5, 15 ·≈– 25 ´.¡. ºà“πµ—«Õ¬à“ßπÈ”À≈—ß°”®—¥‡À≈Á°„π¢âÕ 2.2 ¥â«¬

Õ—µ√“°“√‰À≈ 19 ≈∫.´.¡./π“∑’ ‡°Á∫µ—«Õ¬à“ßπÈ”‡æ◊ËÕπ”‰ª«‘‡§√“–Àå§à“´’‚Õ¥’∑ÿ° 10 π“∑’ ®π§«“¡‡¢â¡¢âπ´’‚Õ¥’‰¡à

‡ª≈’Ë¬π·ª≈ß  √â“ß°√“ø§«“¡ —¡æ—π∏å√–À«à“ß§à“´’‚Õ¥’·≈–‡«≈“‡æ◊ËÕÀ“Õ“¬ÿ°“√„™âß“π¢Õß∂à“π°—¡¡—πµå

2.3.2 ∫√√®ÿ§Õ≈—¡πå∂à“π°—¡¡—πµå‚¥¬‡≈◊Õ°§Õ≈—¡πå§«“¡ Ÿß∑’Ë„Àâª√– ‘∑∏‘¿“æ„π°“√°”®—¥´’‚Õ¥’

¡“°∑’Ë ÿ¥ ºà“πµ—«Õ¬à“ßπÈ”∑’Ëºà“π°“√°”®—¥‡À≈Á°„π¢âÕ 2.2 ·≈–‡°Á∫µ—«Õ¬à“ß·¬°‡ªìπ 2 ™ÿ¥ ‡æ◊ËÕ∑¥≈Õßºà“π

°√–∫«π°“√√’‡«Õ√å ÕÕ ‚¡´‘ ·≈–°√–∫«π°“√·≈°‡ª≈’Ë¬π‰ÕÕÕπ

2.4 °√–∫«π°“√√’‡«Õ√å ÕÕ ‚¡´‘ 

     π”πÈ”∑’Ëºà“π∂à“π°—¡¡—πµå¡“ºà“π√’‡«Õ√å ÕÕ ‚¡´‘  °àÕπ‡°Á∫µ—«Õ¬à“ßπÈ”«‘‡§√“–Àå§ÿ≥¿“æ

2.5 °√–∫«π°“√·≈°‡ª≈’Ë¬π‰ÕÕÕπ

     πÈ”∑’Ëºà“π∂à“π°—¡¡—πµå π”¡“ºà“π‡√´‘π·≈°‡ª≈’Ë¬π‰ÕÕÕπª√–®ÿ∫«°·≈–≈∫ °àÕπ‡°Á∫µ—«Õ¬à“ß«‘‡§√“–Àå

§ÿ≥¿“æπÈ” ·≈–ºà“ππÈ”‡¢â“ Ÿà∂—ß‡√´‘π·∫∫º ¡ (mix bed) ‡°Á∫µ—«Õ¬à“ß«‘‡§√“–Àå§ÿ≥¿“æπÈ”

2.6 §”π«≥ÕÕ°·∫∫√–∫∫·≈–§à“„™â®à“¬„π°“√¥”‡π‘π°“√¥—ßπ’È
2.6.1 §”π«≥ª√‘¡“≥ “√‡§¡’·≈–§à“„™â®à“¬„π°“√≈¥§«“¡‡¢â¡¢Õß ’¬âÕ¡„ππÈ”∑‘Èß

2.6.2 §”π«≥ª√‘¡“≥ “√‡§¡’·≈–§à“„™â®à“¬„π°“√„™â‚æ·∑ ‡´’¬¡‡ªÕ√å¡—ß°“‡πµ°”®—¥‡À≈Á°

2.6.3 ÕÕ°·∫∫√–∫∫∂—ß°√Õß∂à“π°—¡¡—πµå

2.6.4 §”π«≥§à“„™â®à“¬„π°“√‡µ‘¡ “√‡§¡’‡æ◊ËÕπ”πÈ”À¡ÿπ‡«’¬π„™â„π√–∫∫πÈ”À≈àÕ‡¬Áπ·≈–À¡âÕ‰ÕπÈ”
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3. º≈°“√∑¥≈Õß·≈–«‘®“√≥å

„π‚√ßß“π¬âÕ¡ºâ“¡’°“√„™â “√‡§¡’·≈– ’¬âÕ¡À≈“¬™π‘¥¢÷ÈπÕ¬Ÿà°—∫§«“¡µâÕß°“√¢Õß≈Ÿ°§â“ πÈ”∑‘Èß®“°‚√ßß“π

¬âÕ¡ºâ“®÷ß¡’§ÿ≥≈—°…≥–‰¡à ¡Ë”‡ ¡Õ ®“°°“√«‘‡§√“–Àå§ÿ≥¿“æπÈ”æ∫«à“§«“¡‡¢â¡ ’¡’§à“ 215 ‡Õ¥’‡ÕÁ¡‰Õ ´÷Ëßµ“¡

¡“µ√∞“π„πª√–‡∑»‰∑¬‰¡à‰¥â°”Àπ¥§à“§«“¡‡¢â¡ ’‰«â ‡æ’¬ß·µà√–∫ÿ«à“ ’¢ÕßπÈ”∑’Ëºà“π°“√∫”∫—¥µâÕß‰¡à‡ªìπ∑’Ëæ÷ß

√—ß‡°’¬®‡∑à“π—Èπ ∑”„Àâ¬“°µàÕ°“√ª√–‡¡‘π ·µà„πª√–‡∑» À√—∞Õ‡¡√‘°“‰¥â°”Àπ¥‰«â«à“§«“¡‡¢â¡ ’µâÕß¡’§à“‰¡à‡°‘π 150

‡Õ¥’‡ÕÁ¡‰Õ [3] ∂â“‡∑’¬∫µ“¡¡“µ√∞“ππ’È  æ∫«à“ª√‘¡“≥ ’∑’Ëµ√«®æ∫¡’§à“ Ÿß·≈–‰¡à “¡“√∂π”¡“„™âª√–‚¬™πåÕ◊Ëπ„¥‰¥â

µâÕßª≈àÕ¬∑‘Èß ¥—ßπ—Èπ ‰¥â∑¥≈Õß≈¥ ’‚¥¬„™â«‘∏’‡øπµÕπ√’‡Õ‡®πµå‡æ◊ËÕ»÷°…“ª√– ‘∑∏‘¿“æÀ≈—ß°“√∫”∫—¥ ’„ππÈ”∑‘Èß

3.1 °“√∫”∫—¥ ’®“°πÈ”∑‘Èß‚¥¬‡øπµÕπ√’‡Õ‡®πµå

3.1.1  °“√∑¥≈Õß‡æ◊ËÕÀ“§«“¡‡ªìπ°√¥-¥à“ß∑’Ë‡À¡“– ¡ ”À√—∫°“√∫”∫—¥¥â«¬‡øπµÕπ√’‡Õ‡®πµå

°“√∑¥≈Õß‡æ◊ËÕ»÷°…“ ¿“«–§«“¡‡ªìπ°√¥-¥à“ß∑’Ë‡À¡“– ¡ ‚¥¬„™âª√‘¡“≥ “√≈–≈“¬‡øÕ√å√— 

´—≈‡øµ ·≈– “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å§ß∑’Ë ¥â«¬«‘∏’®“√å‡∑ µå „Àâº≈¥—ßπ’È

πÈ”‡ ’¬®“°‚√ßß“π¬âÕ¡ºâ“¡’§à“§«“¡‡ªìπ°√¥-¥à“ß‡√‘Ë¡µâπ 7.69 ∫”∫—¥‚¥¬ “√≈–≈“¬°√¥‰Œ‚¥√

§≈Õ√‘° 1% (v/v) ‡æ◊ËÕ·ª√º—π§à“§«“¡‡ªìπ°√¥-¥à“ß„π™à«ß 4.0 - 6.0  „™â “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å 0.3 %

(v/v) 38.5 ¡°./≈. ·≈–„Àâ§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‡øÕ√å√— ´—≈‡øµ 1% (w/v) 100 ¡°./≈. „πª√‘¡“≥§ß∑’Ë [2]

·≈–«—¥§à“% °“√°”®—¥ ’„π√Ÿª ADMI (American Dyes Manufacturer Institute) [4] √«¡∑—Èß«—¥§à“´’‚Õ¥’∑’Ë‡À≈◊Õ

„Àâº≈¥—ß√Ÿª∑’Ë 1

  √Ÿª∑’Ë 1   °“√»÷°…“æ’‡Õ™∑’Ë‡À¡“– ¡„π°“√∫”∫—¥πÈ”‡ ’¬®“°‚√ßß“π¬âÕ¡ºâ“‚¥¬«‘∏’‡øπµÕπ∑’Ë¡’º≈µàÕ

  ª√– ‘∑∏‘¿“æ°“√°”®—¥ ’
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®“°°“√∑¥≈Õßæ∫«à“§à“§«“¡‡ªìπ°√¥-¥à“ß 4.0 „Àâª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’ Ÿß ÿ¥§◊Õ 92.91% ¥—ßπ—Èπ

„π°“√∑¥≈Õß»÷°…“ª√‘¡“≥ “√≈–≈“¬‡øÕ√å√— ´—≈‡øµ∑’Ë‡À¡“– ¡„π°“√∫”∫—¥ ’‰¥âª√—∫„Àâ¡’§à“§«“¡‡ªìπ°√¥-¥à“ß  4.0

3.1.2  °“√∑¥≈Õß‡æ◊ËÕ»÷°…“ª√‘¡“≥‡øÕ√å√— ´—≈‡øµ∑’Ë‡À¡“– ¡

‰¥â∑”°“√∑¥≈Õß‡æ◊ËÕ»÷°…“ª√‘¡“≥‡øÕ√å√— ´—≈‡øµ∑’Ë‡À¡“– ¡‚¥¬„™â§à“§«“¡‡ªìπ°√¥-¥à“ß 4.0 ‡µ‘¡

ª√‘¡“≥ “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å 0.3% (v/v) §ß∑’Ë 38.5 ¡°./≈. ·≈–·ª√º—πª√‘¡“≥ “√≈–≈“¬‡øÕ√å√— 

´—≈‡øµ„π™à«ß 40 - 140  ¡°./≈. „Àâº≈¥—ß√Ÿª∑’Ë 2

®“°°“√∑¥≈Õßæ∫«à“‡¡◊ËÕª√—∫§à“§«“¡‡ªìπ°√¥-¥à“ß 4.0 „π ¿“«–∑’Ëª√‘¡“≥ “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√å

ÕÕ°‰´¥å§ß∑’Ë ª√‘¡“≥ “√≈–≈“¬‡øÕ√å√— ´—≈‡øµÕ¬Ÿà„π™à«ß 100 -140 ¡°./≈. „Àâª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’ Ÿß°«à“

89%

3.1.3 °“√∑¥≈Õß‡æ◊ËÕ»÷°…“ª√‘¡“≥‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å∑’Ë‡À¡“– ¡

∑”°“√∑¥≈Õß·ª√º—πª√‘¡“≥ “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å„π™à«ß 11-33 ¡°./≈. ∑’Ë§«“¡

‡ªìπ°√¥-¥à“ß 4.0 ·≈–ª√‘¡“≥ “√≈–≈“¬‡øÕ√å√— ´—≈‡øµ 100 ·≈– 120 ¡°./≈. µ“¡≈”¥—∫ „Àâº≈¥—ß√Ÿª∑’Ë 3

          √Ÿª∑’Ë 2  °“√»÷°…“ª√‘¡“≥‡øÕ√å√— ´—≈‡øµ∑’Ë‡À¡“– ¡„π°“√∫”∫—¥ ’‚¥¬«‘∏’‡øπµÕπ∑’Ë¡’º≈µàÕª√– ‘∑∏‘¿“æ

         °“√°”®—¥ ’
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®“°º≈°“√∑¥≈Õßæ∫«à“°“√°”®—¥ ’‚¥¬«‘∏’‡øπµÕπ√’‡Õ‡®πµå„π ¿“«–∑’Ëª√—∫§à“§«“¡‡ªìπ°√¥-¥à“ß„Àâ¡’§à“ 4.0

·≈–·ª√º—πª√‘¡“≥ “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å„π™à«ß 11.0 - 33.0 ¡°./≈. æ∫«à“ “√≈–≈“¬‡øÕ√å√— ´—≈‡øµ

120 ¡°./≈. „Àâª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’ Ÿß°«à“ “√≈–≈“¬‡øÕ√å√— ´—≈‡øµ 100 ¡°./≈. ·µà§à“´’‚Õ¥’∑’Ë‡À≈◊ÕÀ≈—ß

°“√∫”∫—¥¡’§à“ Ÿß°«à“ ¥—ßπ—Èπ®÷ßæ‘®“√≥“„™â “√≈–≈“¬‡øÕ√å√— ´—≈‡øµ 100 ¡°./≈. ‚¥¬ª√‘¡“≥ “√≈–≈“¬

‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å 33.0 ¡°./≈. „Àâª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’ Ÿß ÿ¥§◊Õ 94.94% ·µà„π°“√∑¥≈Õß«‘‡§√“–Àå

§ÿ≥¿“æπÈ”‰¥â‡≈◊Õ°∑’Ë§à“§«“¡‡ªìπ°√¥-¥à“ß 4.0 ·≈–ª√‘¡“≥ “√≈–≈“¬‡øÕ√å√— ´—≈‡øµ 100 ¡°./≈.  “√≈–≈“¬

‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å 27.5 ¡°./≈. ‡π◊ËÕß®“°„Àâª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’ 92.66% ´÷Ëß„™â “√‡§¡’„πª√‘¡“≥

πâÕ¬°«à“°“√‡≈◊Õ°„™â “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å 33 ¡°./≈. ·≈– ¿“«–¥—ß°≈à“«®–π”‰ª„™â„π°“√ª√—∫ª√ÿß

§ÿ≥¿“æπÈ”°àÕππ”‡¢â“ Ÿà°√–∫«π°“√∫”∫—¥„π¢—ÈπµàÕ‰ª

3.2 °“√°”®—¥‡À≈Á°¥â«¬ “√≈–≈“¬‚æ·∑ ‡ ’́¬¡‡ªÕ√å¡—ß°“‡πµ„ππÈ”∑’Ëºà“π°“√∫”∫—¥ ’‚¥¬«‘∏’‡øπ

µÕπ√’‡Õ‡®πµå

      À≈—ßºà“π°“√°”®—¥ ’®–¡’ª√‘¡“≥‡À≈Á°∑’Ë‡À≈◊Õ‡π◊ËÕß®“°‡øÕ√— ´—≈‡øµ∑’Ë„™â„π°“√∫”∫—¥ ’¥â«¬‡øπ

µÕπ√’‡Õ‡®πµå„ππÈ” 5.27 ¡°./≈. ´÷Ëß‡°‘π§à“¡“µ√∞“ππÈ”∑’Ë®–π”‡¢â“„™â„πÀÕÀ≈àÕ‡¬Áπ, À¡âÕ‰ÕπÈ” ·≈–¡’º≈„π°“√≈¥

ª√– ‘∑∏‘¿“æ°“√∫”∫—¥πÈ” ≈¥Õ“¬ÿ°“√„™âß“π¢Õß‡§√◊ËÕß√’‡«Õ√å ÕÕ ‚¡´‘ À√◊Õ‡√´‘π·≈°‡ª≈’Ë¬π‰ÕÕÕπ ´÷Ëß‡ªìπ

°√–∫«π°“√∫”∫—¥„π¢—ÈπµàÕ‰ª ¥—ßπ—Èπ°“√∑¥≈Õß„π¢—Èππ’È¡’®ÿ¥ª√– ß§å‡æ◊ËÕ≈¥ª√‘¡“≥‡À≈Á° (+2) „Àâ‡ªìπ‡À≈Á° (+3) ·≈–

∂Ÿ°°”®—¥ÕÕ°‰ª„π√Ÿª‡øÕ√‘°‰Œ¥√Õ°‰´¥å‚¥¬ºà“π°√–∫«π°“√°√Õß  µ“¡ ¡°“√∑’Ë (2)

√Ÿª∑’Ë 3  °“√»÷°…“ª√‘¡“≥‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å∑’Ë‡À¡“– ¡„π°“√∫”∫—¥ ’‚¥¬«‘∏’‡øπµÕπ∑’Ë¡’º≈µàÕ

ª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’ ‚¥¬„™âª√‘¡“≥ “√≈–≈“¬‡øÕ√å√— ´—≈‡øµ 100 ·≈– 120 ¡°./≈.

ª√‘¡“≥‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å (¡°./≈.)
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®“°º≈°“√∑¥≈Õßæ∫«à“‡¡◊ËÕª√—∫„ÀâπÈ”À≈—ßºà“π°“√∫”∫—¥ ’¡’§à“§«“¡‡ªìπ°√¥-¥à“ß 9.5 ®–„Àâª√– ‘∑∏‘¿“æ

„π°“√≈¥ª√‘¡“≥‡À≈Á°√âÕ¬≈– 98.28

3.3 º≈°“√∑¥≈ÕßÀ“°√“ø¢Õß‡«≈“„π°“√„™âß“π¢Õß∂à“π®πÀ¡¥ª√– ‘∑∏‘¿“æ

°“√»÷°…“ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥´’‚Õ¥’∑’Ë‡À≈◊Õ„ππÈ”∑’Ëºà“π°“√°”®—¥‡À≈Á°‚¥¬¥Ÿ¥´—∫¥â«¬∂à“π°—¡¡—πµå

æ∫«à“∂à“π°—¡¡—πµå∑’Ë∫√√®ÿ‰«â„π√–¥—∫§«“¡ Ÿß 5, 15 ·≈– 25 ´¡. ®–≈¥§à“´’‚Õ¥’‰¥â Ÿß ÿ¥ 3.1, 3.8  ·≈– 0.76 ¡°./≈.

µ“¡≈”¥—∫ ·≈–‡¡◊ËÕπ”‰ª √â“ß°√“ø§«“¡ —¡æ—π∏å‡æ◊ËÕÀ“‡«≈“°“√„™âß“π¢Õß∂à“π°—¡¡—πµå®–„Àâº≈¥—ß√Ÿª∑’Ë 5

√Ÿª∑’Ë 4  °“√»÷°…“æ’‡Õ™∑’Ë‡À¡“– ¡„π°“√°”®—¥‡À≈Á°„ππÈ”∑’Ëºà“π°“√∫”∫—¥ ’‚¥¬«‘∏’‡øπµÕπ√’‡Õ‡®πµå

3Fe2+  +  KMnO4  +  7H2O  3Fe(OH)3  +  MnO2  +  K
+  +  5H+                                                                                               (2)(2)(2)(2)(2)

∑”°“√∑¥≈Õß‚¥¬„™âÕ—µ√“ à«π “√≈–≈“¬‚æ·∑ ‡ ’́¬¡‡ªÕ√å¡—ß°“‡πµµàÕª√‘¡“≥‡À≈Á°‡ªìπ 1 : 1 [4] ∑”°“√

·ª√º—π§à“§«“¡‡ªìπ°√¥-¥à“ß¢ÕßπÈ”‡ ’¬„π™à«ß 8.0 - 10.0 ¥â«¬ “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å 1% (w/v) ‡æ◊ËÕ

À“ ¿“«–§«“¡‡ªìπ°√¥-¥à“ß∑’Ë‡À¡“– ¡„π°“√°”®—¥‡À≈Á° „Àâº≈¥—ß√Ÿª∑’Ë 4
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®“°√Ÿª‡¡◊ËÕ°”Àπ¥„Àâ§«“¡‡¢â¡¢âπ¢Õß´’‚Õ¥’∑’ËµâÕß°“√‡ªìπ 10 ¡°./≈. æ∫«à“ Õ“¬ÿ°“√„™âß“π¢Õß™—Èπ∂à“π

§«“¡ Ÿß 5, 15 ·≈– 25 ´¡. §◊Õ‡«≈“ 10, 68 ·≈– 97 π“∑’ µ“¡≈”¥—∫ °“√‡æ‘Ë¡§«“¡ Ÿß¢Õß™—Èπ∂à“π∑”„Àâ¡’æ◊Èπ∑’Ë

„π°“√¥Ÿ¥ —́∫ ‘Ëßªπ‡ªóôÕπ‡æ‘Ë¡¡“°¢÷Èπ  ‡«≈“„π°“√„™âß“π∂à“π°—¡¡—πµå®πÀ¡¥ª√– ‘∑∏‘¿“æ®–‡æ‘Ë¡¡“°¢÷Èπ¥â«¬   ”À√—∫

ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥ ’́‚Õ¥’¥â«¬∂à“π°—¡¡—πµå®π∂÷ß§«“¡‡¢â¡¢âπ∑’ËµâÕß°“√¢Õß™—Èπ∂à“π§«“¡ Ÿß 5, 15 ·≈– 25 ́ ¡.

®–Õ¬Ÿà„π™à«ß√âÕ¬≈– (-11.12) - 85.97, 0.77 - 82.80 ·≈– 4.03 - 96.56 µ“¡≈”¥—∫

®“°º≈°“√§”π«≥À“‡«≈“°“√„™âß“π¢Õß∂à“π°—¡¡—πµå®πÀ¡¥ª√– ‘∑∏‘¿“æ “¡“√∂π”¡“„™â„π°“√

§”π«≥Õ“¬ÿ°“√„™âß“π¢Õß∂à“π°—¡¡—πµåµ“¡ ¡°“√∑’Ë (3) [5]
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‡¡◊ËÕπ”‰ª„™â„π√–∫∫∫”∫—¥®√‘ß·≈– “¡“√∂π”‰ª§”π«≥À“ª√– ‘∑∏‘¿“æ°“√„™âß“π¢Õß∂à“π‰¥â¥—ßµ“√“ß∑’Ë 4

„πÀ—«¢âÕ 3.5.3

3.4 º≈°“√«‘‡§√“–Àå§ÿ≥¿“æπÈ”À≈—ßºà“π°“√ª√—∫ª√ÿß§ÿ≥¿“æ

º≈§ÿ≥¿“æπÈ”∑’Ë∑”°“√«‘‡§√“–ÀåÀ≈—ßºà“π°“√∫”∫—¥¥â«¬«‘∏’µà“ßÊ „Àâº≈¥—ßµ“√“ß∑’Ë 1 ‚¥¬

1. πÈ”®“°√–∫∫∫”∫—¥·∫∫°√–∫«π°“√µ–°Õπ‡√àß

2. πÈ”À≈—ßºà“π°“√°”®—¥ ’‚¥¬«‘∏’‡øπµÕπ√’‡Õ‡®πµå

3. πÈ”À≈—ßºà“π°“√°”®—¥‡À≈Á°‚¥¬„™â “√≈–≈“¬‚æ·∑ ‡´’¬¡‡ªÕ√å¡—ß°“‡πµ

4. πÈ”À≈—ßºà“π°√–∫«π°“√¥Ÿ¥´—∫¥â«¬∂à“π°—¡¡—πµå

5. πÈ”À≈—ßºà“π°√–∫«π°“√‡¬◊ËÕ·ºàπ

6. πÈ”À≈—ßºà“π∂à“π°—¡¡—πµå + ‡√´‘π·≈°‡ª≈’Ë¬π‰ÕÕÕπª√–®ÿ∫«°·≈–≈∫

7. πÈ”À≈—ßºà“π∂à“π°—¡¡—πµå + ‡√´‘π·≈°‡ª≈’Ë¬π‰ÕÕÕπª√–®ÿ∫«°·≈–≈∫ + ‡√´‘π·∫∫º ¡

®“°º≈°“√ª√—∫ª√ÿß§ÿ≥¿“æπÈ” “¡“√∂π”πÈ”‰ªÀ¡ÿπ‡«’¬π„™â„π‚√ßß“π‰¥â¥—ßπ’È

¢—Èπ∑’Ë 1 ºà“π°“√∫”∫—¥ ’¥â«¬«‘∏’‡øπµÕπ√’‡Õ‡®πµå

„π¢—Èππ’È¬—ß‰¡à “¡“√∂π”πÈ”‰ª„™â‰¥â  ∑—Èßπ’È‡π◊ËÕß®“°§à“§«“¡‡ªìπ°√¥-¥à“ßÀ≈—ß°“√∫”∫—¥µË”  πÕ°®“°

π’Èª√‘¡“≥‡À≈Á°∑’Ë‡æ‘Ë¡¢÷Èπ®“°°“√„™â “√≈–≈“¬‡øÕ√å√— ´—≈‡øµ°Á‡ªìπÕ’°ªí®®—¬Àπ÷Ëß∑’Ë∑”„Àâ‰¡à “¡“√∂π”πÈ”‰ª„™â„π

·À≈àßµà“ßÊ ‰¥â ‡™àπ „π°√–∫«π°“√º≈‘µ ‡π◊ËÕß®“°‡°≈◊Õ¢Õß‡À≈Á° “¡“√∂‰ª‡√àß°“√ ≈“¬µ—«¢Õß‰Œ‚¥√‡®π‡ªÕ√å

ÕÕ°‰´¥å„Àâ‡°‘¥°“√ ≈“¬µ—«Õ¬à“ß√«¥‡√Á«∑”„Àâºâ“‡ªóòÕ¬ §ÿ≥¿“æ¢Õßºâ“∑’Ëº≈‘µ‰¥â®÷ß‰¡à¥’ πÕ°®“°π’ÈÕ“® àßº≈„Àâ‡°‘¥

°“√°—¥°√àÕπµàÕ‡ âπ∑àÕπÈ”‡π◊ËÕß®“° π‘¡‡À≈Á°‰¥â

¢—Èπ∑’Ë 2 ºà“π°“√°”®—¥‡À≈Á°¥â«¬ “√≈–≈“¬‚æ·∑ ‡´’¬¡‡ªÕ√å¡—ß°“‡πµ

‡¡◊ËÕπÈ”ºà“π°√–∫«π°“√¢—Èππ’Èæ∫«à“§ÿ≥¿“æ¢ÕßπÈ”¥’¢÷Èπ  “¡“√∂„™â‡ªìππÈ”≈â“ßæ◊Èπ„π‚√ßß“π πÈ”

„™â„πÀâÕßπÈ” ”π—°ß“π  πÈ”√¥µâπ‰¡â  ·≈– “¡“√∂π”‰ª„™â„π√–∫∫πÈ”À≈àÕ‡¬Áπ·∫∫ºà“π§√—Èß‡¥’¬« (once through) ‰¥â

¢—Èπ∑’Ë 3 ºà“π°“√°√Õß¥â«¬∂à“π°—¡¡—πµå

„π¢—Èππ’Èæ∫«à“°“√°√Õß¥â«¬∂à“π°—¡¡—πµå “¡“√∂≈¥ ’∑’Ë‡À≈◊Õ‰¥âÕ’°®“°§à“ ’ 34 ‡À≈◊Õ‡æ’¬ß  22 ADMI

πÕ°®“°π—Èπ¬—ß™à«¬≈¥ª√‘¡“≥·§≈‡´’¬¡·≈–§«“¡°√–¥â“ß„ππÈ”∑’Ëºà“π°“√∫”∫—¥‰¥â ·µàπÈ”∑’Ëºà“π°“√°√Õß¥â«¬∂à“π

°—¡¡—πµå®–¡’§à“§«“¡‡ªìπ°√¥-¥à“ß Ÿß µâÕßª√—∫°àÕππ”‰ª„™â

¢—Èπ∑’Ë 4 ºà“π°“√°√Õß¥â«¬√’‡«Õ√å ÕÕ ‚¡´‘ À√◊Õ‡√´‘π·≈°‡ª≈’Ë¬π‰ÕÕÕπ

∂â“µâÕß°“√πÈ”∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ï Ÿß  “¡“√∂∫”∫—¥¢Õß·¢Áß≈–≈“¬ÕÕ°®“°πÈ”‰¥â‚¥¬„™â°√–∫«π°“√

√’‡«Õ√å ÕÕ ‚¡´‘ À√◊Õ‡√´‘π·≈°‡ª≈’Ë¬π‰ÕÕÕπ ‡æ√“–πÈ”∑’Ëºà“π°“√∫”∫—¥¡’§ÿ≥¿“æ¥’ ‡À¡“–„π°“√π”‰ª„™â‰¥â ∑—Èß

À¡âÕ‰ÕπÈ”°√–∫«π°“√º≈‘µ À√◊Õ√–∫∫πÈ”À≈àÕ‡¬Áπ∑’Ë “¡“√∂À¡ÿπ‡«’¬ππÈ”°≈—∫¡“„™â‰¥âÀ≈“¬√Õ∫
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 ”À√—∫°√–∫«π°“√ª√—∫ª√ÿß§ÿ≥¿“æπÈ”¢ÕßπÈ”∑‘Èß´÷Ëßºà“π°“√∫”∫—¥¥â«¬√–∫∫µ–°Õπ‡√àß®“°‚√ßß“π¬âÕ¡

ºâ“‡ªìπ¥—ß√Ÿª∑’Ë 6

µ“√“ß∑’Ë 1 º≈°“√«‘‡§√“–Àå§ÿ≥¿“æπÈ”À≈—ßºà“π°√–∫«π°“√ª√—∫ª√ÿß§ÿ≥¿“æ

πÈ”∑’Ëºà“π
√–∫∫

µ–°Õπ‡√àß

≈¥ ’¥â«¬
‡øπµÕπ
√’‡Õ‡®πµå

°√Õßºà“π
∂à“π

°—¡¡—πµå

πÈ”À≈—ßª√—∫ª√ÿß§ÿ≥¿“æ¥â«¬∂à“π°—¡¡—πµå

Reverse
osmosis

Cation &
anion resin

Cation &
anion resin
+ Mix bed

≈¥‡À≈Á°
¥â«¬

KMnO4

æ“√“¡‘‡µÕ√å

23 22 20 10 2334 ’, ADMI 215
3.81 9.45 6.47 6.47 6.798.23æ’‡Õ™ (pH) 7.69
1.00 0.79 0.13 0.47 0.300.45§«“¡¢ÿàπ (Turbidity), NTU 79.4
2180 2390 60 380 202230§à“°“√π”‰øøÑ“ (Conductivity), µS 1900
1308 1434 36 228 121338¢Õß·¢Áß≈–≈“¬πÈ” (TDS), mg/l 1140
8 0 0 0 00¢Õß·¢Áß·¢«π≈Õ¬∑—ÈßÀ¡¥ (TSS), mg/l 47
1316 1434 36 228 121338¢Õß·¢Áß∑—ÈßÀ¡¥ (TS), mg/l 1187
ND 95.54 12.74 8.49 6.3749.89§«“¡‡ªìπ¥à“ß (Alkalinity), mg/l as

CaCO3

380.02

- 74.71 12.74 8.49 6.3748.83‰∫§“√å∫Õ‡πµ (bicarbonate), mg/l as
CaCO3

378.26

- 19.79 0 0 00.78§“√å∫Õ‡πµ (carbonate), mg/l as
CaCO3

1.74

- 1.41 0 0 00.08‰Œ¥√Õ°‰´¥å (hydroxide ), mg/l as
CaCO3

0.02
0

- 0.05 8.63 30.20 2.070.58§“√å∫Õπ‰¥ÕÕ°‰´¥å„π√ŸªÕ‘ √–
(Free carbondioxide), mg CO2/l

15.45

- 74.50 19.84 37.67 7.6843.89§“√å∫Õπ‰¥ÕÕ°‰´¥å∑—ÈßÀ¡¥ (total
carbondexide), mg CO2/l

349.08

88.23 2.08 2.08 3.11 3.1183.04§«“¡°√–¥â“ß (Hardness), mg/l as
CaCO3

85.12

< 2.00 < 2.00 < 2.00 < 2.00 < 2.00< 2.00∫’‚Õ¥’ (BOD), mg/l 35.56
30.72 17.50 6.09 7.61 9.8922.09´’‚Õ¥’ (COD), mg/l 292.03
ND ND ND ND NDND∑’‡§‡Õπ‰π‚µ√‡®π (TKN), mg/l 1.07
ND ND ND ND NDND‰π‰µ√µå (Nitrite), mg/l ND
ND ND ND ND NDND‰π‡µ√µ-‰π‚µ√‡®π (Nitrate-Nitrogen),

mg/l
ND

51.9 0 0 0 068.51·§≈‡´’¬¡ (Calcium) mg/l as CaCO3 83.04
8.83 0.51 0.51 0.76 0.763.53·¡°π’‡ ’́¬¡ (Magnesium), mg/l 0.51
556.03 613.80 14.44 110.72 4.81568.06§≈Õ‰√¥å (Chloride), mg/l 315.32
44 42 0.8 6.1 042‘́≈‘°“ (Silica), mg/l
175 210 0 1.25 0175´—≈‡øµ (Sulfate), mg/l 175
0.2 0.15 0.1 0.2 0.20.2øÕ ‡øµ (Phosphate), mg/l 0.7
4.2 0.1 0.04 0.1 0.060.09‡À≈Á° (Iron), mg/l 0.33
0.23 0.14 <0.05 <0.05 <0.050.14·¡ß°“π’  (Manganese), mg/l 0.12
432.90 252 10.1 72.9 1.10493.10‚´‡¥’¬¡ (Sodium), mg/l 465.10
4.18 10.30 3.33 0.22 0.345.74‚æ·∑ ‡ ’́¬¡ (Potassium), mg/l 4.30
<0.05 <0.05 <0.05 <0.05 <0.05<0.05∑Õß·¥ß (Copper), mg/l <0.05
0.9 0.38 0.10 <0.05 <0.050.48 —ß°– ’ (Zinc), mg/l 1.10
<0.05 <0.05 <0.05 <0.05 <0.05<0.05µ–°—Ë« (Lead), mg/l <0.05
<0.05 <0.05 <0.05 <0.05 <0.05<0.05π‘°‡°‘≈ (Nickle), mg/l <0.05

47
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3.5.2  §à“„™â®à“¬„π°“√°”®—¥‡À≈Á°¥â«¬ “√≈–≈“¬‚æ·∑ ‡´’¬¡‡ªÕ√å¡—ß°“‡πµ

„π°“√≈¥ª√‘¡“≥‡À≈Á°„ππÈ”∑’Ëºà“π°“√∫”∫—¥‚¥¬«‘∏’‡øπµÕπ√’‡Õ‡®πµå„™â “√‡§¡’ 2 ™π‘¥ §◊Õ  “√≈–

≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å ·≈– “√≈–≈“¬‚æ·∑ ‡´’¬¡‡ªÕ√å¡—ß°“‡πµ ‡¡◊ËÕ§”π«≥§à“„™â®à“¬„Àâº≈¥—ßµ“√“ß∑’Ë 3

   µ“√“ß∑’Ë 2   ¿“«–∑’Ë‡À¡“– ¡„π°“√∫”∫—¥ ’‚¥¬«‘∏’‡øπµÕπ√’‡Õ‡®πµå·≈–§à“„™â®à“¬„π°“√∫”∫—¥

3.5 °“√§”π«≥ª√‘¡“≥ “√‡§¡’∑’Ë„™â„π°√–∫«π°“√ª√—∫ª√ÿß§ÿ≥¿“æ¥â«¬«‘∏’∑“ß‡§¡’

«‘∏’∑“ß‡§¡’∑’Ë„™â„π°“√ª√—∫ª√ÿß§ÿ≥¿“æπÈ”‰¥â·°à °“√≈¥ ’‚¥¬„™â‡øπµÕπ√’‡Õ‡®πµå·≈–°“√≈¥‡À≈Á°¥â«¬

 “√≈–≈“¬‚æ·∑ ‡´’¬¡‡ªÕ√å¡—ß°“‡πµ °“√§”π«≥§à“„™â®à“¬¥â“π “√‡§¡’ª√–°Õ∫¥â«¬

     3.5.1  §à“„™â®à“¬„π°“√∫”∫—¥ ’‚¥¬«‘∏’‡øπµÕπ√’‡Õ‡®πµå

    „π°“√∫”∫—¥ ’‚¥¬«‘∏’‡øπµÕπ√’‡Õ‡®πµå®“°πÈ”∑‘Èß‚√ßß“π¬âÕ¡ºâ“∑’Ëºà“π°√–∫«π°“√∫”∫—¥·∫∫µ–°Õπ

‡√àß„™â “√‡§¡’ 3 ™π‘¥§◊Õ  “√≈–≈“¬‡øÕ√å√— ´—≈‡øµ  “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å ·≈– “√≈–≈“¬°√¥

‰Œ‚¥√§≈Õ√‘°  “¡“√∂§”π«≥§à“„™â®à“¬‰¥âº≈¥—ßµ“√“ß∑’Ë 2

   µ“√“ß∑’Ë 3   ¿“«–∑’Ë‡À¡“– ¡„π°“√°”®—¥‡À≈Á°®“°πÈ”∑’Ëºà“π°“√∫”∫—¥ ’·≈–§à“„™â®à“¬

 ¿“«–∑’Ë‡À¡“– ¡ ª√‘¡“≥ “√∑’Ë„™â (¡≈.) ‡°√¥ §à“„™â®à“¬„π°“√∫”∫—¥ (∫“∑/≈∫.¡.)

æ’‡Õ™  4.0 HCl 1%(v/v) = 8.0 °“√§â“ 4.11

FeSO4 1% (w/v) 3.0 °“√§â“ 0.55

H2O2 0.3% (v/v) 2.5 °“√§â“ 0.71

√«¡§à“„™â®à“¬¥â“π “√‡§¡’ 5.37

 ¿“«–∑’Ë‡À¡“– ¡ ª√‘¡“≥ “√∑’Ë„™â (¡≈.) ‡°√¥ §à“„™â®à“¬„π°“√∫”∫—¥ (∫“∑/≈∫.¡.)

æ’‡Õ™ 9.5 NaOH1% (w/v) = °“√§â“ 1.49

KMnO4  0.1%(w/v) 2.0 °“√§â“ 0.32

√«¡§à“„™â®à“¬„π°“√„™â “√‡§¡’ 1.81



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 26 ©∫—∫∑’Ë 1 ¡°√“§¡-¡’π“§¡ 254630

    µ“√“ß∑’Ë 5  §à“„™â®à“¬„π°“√„™âπÈ”„π‚√ßß“π‡¡◊ËÕ„™âπÈ”™π‘¥µà“ß Ê

    À¡“¬‡Àµÿ : §à“πÈ”ª√–ª“√“§“ 15.80 ∫“∑ ‡¡◊ËÕ¡’Õ—µ√“°“√„™âπÈ”¡“°°«à“ 200 ≈∫.¡./«—π

3.5.3  °“√§”π«≥∂—ß°√Õß∂à“π°—¡¡—πµå

ª√‘¡“≥πÈ”∑’ËµâÕß°“√π”¡“∫”∫—¥§◊Õ 2,000 ≈∫.¡./«—π °”Àπ¥„Àâ¡’Õ—µ√“°“√‰À≈‰¡à‡°‘π 7.5 ¡./™.¡.

·≈–¡’‡«≈“°“√°—°‡°Á∫„π∂—ß‡ª≈à“ 15 π“∑’ „Àâº≈°“√§”π«≥¥—ßµ“√“ß∑’Ë  4

3.5.4  °“√‡ª√’¬∫‡∑’¬∫§à“„™â®à“¬„π°“√∫”∫—¥πÈ”‡æ◊ËÕÀ¡ÿπ‡«’¬π°≈—∫¡“„™â„À¡à°—∫√“§“πÈ”ª√–ª“

πÈ”À≈—ßºà“π°√–∫«π°“√∫”∫—¥·∫∫°√–∫«π°“√µ–°Õπ‡√àß ‡¡◊ËÕπ”¡“ºà“π¢—ÈπµÕπ°“√≈¥ ’¥â«¬«‘∏’

‡øπµÕπ√’‡Õ‡®πµå·≈–ºà“π°“√°”®—¥‡À≈Á°∑’Ë‡À≈◊Õ‚¥¬„™â‚æ·∑ ‡´’¬¡‡ªÕ√å¡—ß°“‡πµ πÈ”∑’Ëºà“π°√–∫«π°“√∑—Èß Õß

 “¡“√∂π”°≈—∫‰ª„™â‡ªìππÈ”≈â“ßæ◊Èπ„π‚√ßß“π πÈ”„™â„πÀâÕßπÈ” ”π—°ß“π πÈ”√¥µâπ‰¡â ·≈– “¡“√∂π”‰ª„™â„π√–∫∫

πÈ”À≈àÕ‡¬Áπ·∫∫ºà“π§√—Èß‡¥’¬«‰¥â ‡¡◊ËÕπ”¡“‡ª√’¬∫‡∑’¬∫√“§“πÈ”∑’Ë„™â„π‚√ßß“π„Àâº≈¥—ßµ“√“ß∑’Ë 5

    µ“√“ß∑’Ë 4  ¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√§”π«≥ÕÕ°·∫∫∂—ß°√Õß∂à“π°—¡¡—πµå (ª√‘¡“µ√πÈ” 2,000 ≈∫.¡./ «—π)

™π‘¥¢ÕßπÈ”∑’Ë„™â„π‚√ßß“π §à“„™â®à“¬ (∫“∑/≈∫.¡.)

πÈ”ª√–ª“ 15.80

πÈ”∫“¥“≈ 11.00

πÈ”À≈—ßºà“π°√–∫«π°“√≈¥ ’‚¥¬«‘∏’‡øπµÕπ√’‡Õ‡®πµå·≈–

≈¥‡À≈Á°∑’Ë‡À≈◊Õ¥â«¬‚æ·∑ ‡´’¬¡‡ªÕ√å¡—ß°“‡πµ
7.18

¢âÕ¡Ÿ≈∂—ß°√Õß º≈°“√ÕÕ°·∫∫

®”π«π∂—ß°√Õß∑’Ë„™â (µàÕ·∫∫¢π“π)  3 ∂—ß

æ◊Èπ∑’ËÀπâ“µ—¥ (µ√.¡.)/∂—ß 3.7

‡ âπºà“π»Ÿπ¬å°≈“ß (¡.)/∂—ß 2.2

§«“¡ Ÿß (¡.)/∂—ß 1.9

§«“¡ Ÿß ”À√—∫°“√≈â“ß¬âÕπ(¡.)/∂—ß 2.85

πÈ”Àπ—°¢Õß∂à“π (°.°.)/∂—ß 3,515

√“§“∂à“π°—¡¡—πµå(∫“∑)/∂—ß 175,750

Õ“¬ÿ°“√„™âß“π (™.¡.) 54.52

ª√– ‘∑∏‘¿“æ 99.62%
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®“°º≈°“√§”π«≥§à“„™â®à“¬πÈ”‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—π æ∫«à“πÈ”∑’Ëπ”°≈—∫¡“À¡ÿπ‡«’¬π„™â„À¡à®–¡’√“§“∂Ÿ°°«à“

°“√„™âπÈ”®“°πÈ”ª√–ª“À√◊ÕπÈ”∫“¥“≈  ”À√—∫πÈ”∑’Ë®–π”‰ª„™â„π°√–∫«π°“√º≈‘µ À¡âÕ‰ÕπÈ” À√◊ÕÀÕÀ≈àÕ‡¬Áπ ÷́Ëß‡ªìπ

πÈ”∑’ËµâÕß°“√§«“¡∫√‘ ÿ∑∏‘Ï Ÿß®”‡ªìπµâÕßºà“π°√–∫«π°“√∫”∫—¥Õ◊ËπÊ ‡™àπ √’‡«Õ√å ÕÕ ‚¡ ‘́   ‡√ ‘́π·≈°‡ª≈’Ë¬π‰ÕÕÕπ

°àÕπ°“√π”‰ª„™â

4.  √ÿªº≈°“√∑¥≈Õß

1.  °“√„™â‡øπµÕπ√’‡Õ‡®πµå≈¥ ’„Àâª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’‰¥â¥’ ‚¥¬ ¿“«–∑’Ë‡À¡“– ¡ª√—∫§«“¡‡ªìπ

°√¥-¥à“ß 4.0 „™â “√≈–≈“¬‡øÕ√å√—  —́≈‡øµ 100 ¡°./≈. ·≈– “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å 27.5 ¡°./≈.

ª√– ‘∑∏‘¿“æ„π°“√≈¥ ’ 92.66% ·µàª√‘¡“≥‡À≈Á°∑’Ë‡À≈◊Õ¡’§à“ 5.27 ¡°./≈. ¥—ßπ—Èπ‰¡à “¡“√∂π”‰ªÀ¡ÿπ‡«’¬π„™â‰¥â

µâÕß°”®—¥‡À≈Á°∑’Ë‡À≈◊Õ°àÕππ”‰ª„™â  §à“„™â®à“¬„π°“√∫”∫—¥‡ªìπ 5.37 ∫“∑/≈∫./¡.

2. °“√°”®—¥‡À≈Á°¥â«¬ “√≈–≈“¬‚æ·∑ ‡´’¬¡‡ªÕ√å¡—ß°“‡πµ ‚¥¬„™âÕ—µ√“ à«πª√‘¡“≥‡À≈Á°µàÕ

‚æ·∑ ‡´’¬¡‡ªÕ√å¡—ß°“‡πµ 1 : 1 ª√—∫§à“§«“¡‡ªìπ°√¥-¥à“ß 9.5 „Àâª√– ‘∑∏‘¿“æ„π°“√°”®—¥‡À≈Á° 98.28% πÈ”

À≈—ßºà“π°“√∫”∫—¥ “¡“√∂π”‰ª„™â‡ªìππÈ”≈â“ßæ◊Èπ πÈ”™—°‚§√° πÈ”√¥µâπ‰¡â ·≈–πÈ”„™â„π√–∫∫À≈àÕ‡¬Áπ·∫∫ºà“π§√—Èß

‡¥’¬« §à“„™â®à“¬„π°“√∫”∫—¥ 1.81 ∫“∑/≈∫./¡.

3.  °“√°√ÕßπÈ”¥â«¬∂à“π°—¡¡—πµåÀ≈—ß°“√°”®—¥‡À≈Á°®–™à«¬≈¥§«“¡°√–¥â“ß·≈–ª√‘¡“≥·§≈‡ ’́¬¡„ππÈ”‰¥â

πÈ”∑’Ëºà“π°“√°√Õß®–¡’§«“¡„  ·µà¡’§à“§«“¡‡ªìπ°√¥-¥à“ß Ÿß µâÕßª√—∫°àÕππ”‰ª„™â

4. πÈ”À≈—ßºà“π°“√°√Õß∂à“π°—¡¡—πµå  ‡¡◊ËÕπ”‰ªºà“π°“√°√Õß¥â«¬√’‡«Õ√å ÕÕ ‚¡´‘ À√◊Õ‡√´‘π·≈°‡ª≈’Ë¬π

‰ÕÕÕπ πÈ”∑’ËÕÕ°®“°√–∫∫¡’§ÿ≥¿“æ¥’ ‡À¡“– ”À√—∫°“√π”‰ª„™â„πÀ¡âÕ‰ÕπÈ” √–∫∫πÈ”À≈àÕ‡¬Áπ ·≈–πÈ”∑’Ë„™â„π

°√–∫«π°“√º≈‘µ
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