
∫∑§«“¡«‘®—¬

°“√º≈‘µ‚Õ‚´π√–∫∫æ≈“ ¡“§«“¡¥—π Ÿß ”À√—∫∫”∫—¥πÈ”‡ ’¬

¡ß§≈ ®ß ÿæ√√≥æß»å ·≈–  —π∑—¥ »‘√‘Õπ—πµå‰æ∫Ÿ≈¬å*

∫∑§—¥¬àÕ

‡§√◊ËÕß‡µ‘¡ÕÕ°´‘‡®π§«“¡¥—π Ÿß∑’Ë¡’Õ¬Ÿà¥—ß‡¥‘¡‰¥âπ”‰ª∑¥≈Õß„™â§«∫§Ÿà°—∫‡§√◊ËÕßº≈‘µ‚Õ‚´π
æ≈“ ¡“§«“¡¥—π Ÿß∑’Ë‰¥âæ—≤π“¢÷Èπ¥—ß°≈à“« ´÷Ëß‡√’¬°«à“‡§√◊ËÕß∫”∫—¥πÈ”‡ ’¬¥â«¬‚Õ‚´πæ≈“ ¡“§«“¡¥—π Ÿß
Õ¬Ÿà„π«‘ —¬∑’Ë∑”ß“π‰¥â∑—Èß Õß√–∫∫®–„™âÕ“°“»À√◊Õ‚Õ‚´π ≈—∫ —∫‡ª≈’Ë¬π°—π‰¥â ‡§√◊ËÕß¥—ß°≈à“«∂Ÿ°π”‰ª
∑¥ Õ∫À“ª√– ‘∑∏‘¿“æ„π°“√‡µ‘¡ÕÕ° ‘́‡®π¿“¬„µâ ¿“«–‡¥’¬«°—π„π°“√„™âÕÕ° ‘́‡®π·≈–°“√‡µ‘¡¥â«¬‚Õ‚´π
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Ozone Production by High Pressure Plasma System
for Wastewater
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ABSTRACT

An oxygen supplier, with high pressure technique was constructed to mutually
operate with the plasma ozonizer previously developed. The system, named High Pressure
Plasma, is capable of interchangeably functioning as suppliers of oxygen and ozone. The system
was tested for the oxygen supply efficiency under both air and ozone supply conditions.
KLa of the system under the air supply was 8.014 whereas that of the system under the
ozone supply was 11.303. For the former system, the oxygen transfer coefficient was 10.43%
while for the latter it was 14.72%.
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∫∑π”
ªí≠À“ ‘Ëß·«¥≈âÕ¡‡ªìπæ‘…®“°πÈ”„πªí®®ÿ∫—π°àÕ„Àâ‡°‘¥°“√æ—≤π“√–∫∫∫”∫—¥πÈ”‡ ’¬∑’Ë¡’ª√– ‘∑∏‘¿“æ

·≈–ª√–À¬—¥§à“„™â®à“¬´÷Ëß¡’Õ¬ŸàÀ≈“¬«‘∏’ ‚¥¬«‘∏’∑’ ËÀ≈“¬ª√–‡∑»„Àâ§«“¡ π„®„π°“√»÷°…“«‘®—¬°—π¡“°

‰¥â·°à °“√„™â‚Õ‚´π„π°“√∫”∫—¥πÈ”‡ ’¬ ‡π◊ËÕß®“°‚Õ‚´π “¡“√∂≈–≈“¬πÈ”‰¥â¥’°«à“°ä“´ÕÕ°´‘‡®π∂÷ß 10

‡∑à“ [1, 2] °ä“´‚Õ‚´π‡ªìπµ—«ÕÕ°´‘‰¥´å∑’Ë√ÿπ·√ß ·≈–¡’ ¡∫—µ‘À≈“¬Õ¬à“ß ‡™àπ ∑”„Àâ‡°‘¥ª√“°Ø°“√≥å

‡√‚´·ππ´å ¡’°“√‡√’¬ßµ—«¢Õß‚§√ß √â“ß‚¡‡≈°ÿ≈¢ÕßÕÕ°´‘‡®π‡ªìπ “¡‡À≈’Ë¬¡‰¥â 4 ·∫∫ ‰¡à¡’≈—°…≥–‡ªìπ

Õπÿ¡Ÿ≈Õ‘ √–∑’Ë®–∑”ªØ‘°‘√‘¬“°—∫ “√Õ◊Ëπ‰¥â ·≈–¥Ÿ¥´—∫√—ß ’Õ—≈µ√“‰«‚Õ‡≈µ ∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π°—∫

 “√Õ‘π∑√’¬åÀ√◊Õ “√Õπ‘π∑√’¬å ·≈–∑”ªØ‘°‘√‘¬“‰¥‚æ≈à“ ‰´‚§≈·Õ¥¥‘™—Ëπ (dipolar cyclo-addition) °—∫

 “√ª√–°Õ∫Õ–‚√¡“µ‘° (aromatic compounds) ∑”ªØ‘°‘√‘¬“°—∫Õπÿ¡Ÿ≈‰Œ¥√Õ° ’́ (OH
_
) ‡ªìπ ÿ́ª‡ªÕ√åÕÕ°‰´¥å

(superoxide radical) ´÷Ëß‡ªìπµ—«ÕÕ°´‘‰¥´å∑’Ë·√ß°«à“‚Õ‚´π ‚Õ‚´π¡’§ÿ≥ ¡∫—µ‘‚¥¥‡¥àπ„π°“√¶à“‡™◊ÈÕ‚√§

‰¥â∑ÿ°™π‘¥ ‰¡à«à“®–‡ªìπ‡™◊ÈÕ‰«√—  ·∫§∑’‡√’¬ √“ ¬’ µå ‚ª√‚µ™—«  ªÕ√å ´‘ µå ·≈–‰¢àæ¬“∏‘ ‚¥¬‚Õ‚´π®–

∑”ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π°—∫ “√ª√–°Õ∫∑’ËÀàÕÀÿâ¡‡´≈≈å∑”„Àâ‡´≈≈å·µ° ∂â“‡ªìπ‰«√— ®– ≈“¬°√¥π‘«§≈’Õ‘°

∂â“‡ªìπ´‘ µåÀ√◊Õ‚ª√‚µ´—«®–∑”≈“¬‡¬◊ËÕÀÿâ¡™—Èπ„π®π∂÷ß à«πª√–°Õ∫¿“¬„π‡´≈≈å ¥—ßπ—Èπ®÷ß‡À¡“–„π°“√∫”∫—¥

¡≈¿“«–∑“ßπÈ” ‡™àπ °“√¶à“‡™◊ÈÕ‚√§ ®ÿ≈‘π∑√’¬å ·≈–·∫§∑’‡√’¬‰¥â‡°◊Õ∫∑ÿ°™π‘¥ °“√°”®—¥ “√‡§¡’·≈–

 “√Õ‘π∑√’¬å∑’Ëªπ‡ªóôÕπ¡“°—∫πÈ”‡ ’¬ µ≈Õ¥®π™à«¬≈¥ª√‘¡“≥ COD ‰¥â¥’ [3, 4]  ”À√—∫ª√–‡∑»‰∑¬‰¥â¡’

∫√‘…—∑‡Õ°™ππ”‡§√◊ËÕß¡◊Õ∑’Ëº≈‘µ‚Õ‚´π‡¢â“¡“®“°µà“ßª√–‡∑»‡æ◊ËÕ®”Àπà“¬„π√“§“∑’Ë Ÿß ®÷ß∑”„Àâ¡’ºŸâπ”‚Õ‚´π

¡“ª√–¬ÿ°µå„™â°—∫√–∫∫∫”∫—¥πÈ”‡ ’¬πâÕ¬¡“° πÕ°®“°π’È°ä“´‚Õ‚´π‡ªìπ°ä“´∑’Ë‰¡à‡ ∂’¬√  ≈“¬µ—«°≈—∫‰ª‡ªìπ

ÕÕ°´‘‡®π‰¥â„π‡«≈“Õ—π√«¥‡√Á« ®÷ß®”‡ªìπµâÕßπ”Õÿª°√≥å∑’Ëº≈‘µ‚Õ‚´π‰ªµ‘¥µ—Èß„Àâ„°≈â°—∫·À≈àß∑’Ë„™â¡“°∑’Ë ÿ¥

·≈–‡«≈“„π°“√·æ√à°√–®“¬¢Õß‚Õ‚´π„ππÈ”µâÕß‡ªìπ‰ªÕ¬à“ß√«¥‡√Á«·≈–∑—Ë«∂÷ß ®–‡ÀÁπ‰¥â«à“ªí≠À“∑’Ë„™â

‚Õ‚´π„π°“√∫”∫—¥πÈ”‡ ’¬¢Õß‡§√◊ËÕß„™â∑—Ë«Ê ‰ª ∑’Ëπ”¡“„™â„π∫àÕ‡≈’È¬ß —µ«åπÈ”‡ªìπ‡§√◊ËÕß∑’Ëπ”‚Õ‚´πÕ—¥≈ß‰ª

„ππÈ”À√◊Õ„™âπÈ”¡“º ¡°—∫‚Õ‚´π„π√–∫∫°“√‡µ‘¡Õ“°“»·∫∫‡®Á∑ ́ ÷Ëß∑”„Àâ°“√·æ√à°√–®“¬¢Õß‚Õ‚´π‰¡à∑—Ë«∂÷ß

·≈–‚Õ‚´π®–„Àâæ≈—ßß“π„π™à«ß∑’Ë‚Õ‚´π ≈“¬‡ªìπÕÕ°´‘‡®π„π‡«≈“∑’ËπâÕ¬¡“° §◊Õ ¿“¬„π 6 «‘π“∑’‡∑à“π—Èπ

∑”„Àâª√– ‘∑∏‘¿“æ„π°“√¶à“‡™◊ÈÕ‚√§·≈–°“√°√–®“¬¢ÕßÕÕ°´‘‡®π„ππÈ”‰¡à∑—Ë«∂÷ß ®÷ß‡ªìπ‡ÀµÿÕ¬à“ßÀπ÷Ëß∑’Ë

∑”„Àâ‡¡◊ËÕπ”‚Õ‚´π¡“„™â„π°“√∫”∫—¥πÈ”‡ ’¬·≈â«‰¥âº≈πâÕ¬‰¡à§ÿâ¡°—∫°“√≈ß∑ÿπ

®“°‡Àµÿº≈¥—ß°≈à“«ºŸâ«‘®—¬®÷ß‰¥â§‘¥æ—≤π“‡§√◊ËÕßº≈‘µ‚Õ‚´π∑’Ë¡’ª√– ‘∑∏‘¿“æ·≈–√“§“∂Ÿ°∑’Ë„™âÕÿª°√≥å

∑’Ëº≈‘µ¢÷Èπ¿“¬„πª√–‡∑»‡°◊Õ∫∑—ÈßÀ¡¥ Õπ÷Ëß√–∫∫º≈‘µ‚Õ‚´π„πªí®®ÿ∫—π¡’Õ¬Ÿà 2 ·∫∫ §◊Õ ·∫∫§«“¡µà“ß

»—°¬å Ÿß (discharge high voltage) ·≈–·∫∫√–∫∫æ≈“ ¡“§«“¡¥—π Ÿß (high pressure plasma) °“√

∑¥≈Õß§√—Èßπ’È‡≈◊Õ°„™â√–∫∫æ≈“ ¡“§«“¡¥—π Ÿß ∑—Èßπ’È‡π◊ËÕß®“°‡ªìπ√–∫∫∑’Ë„™âæ≈—ßß“π„π°“√º≈‘µ‚Õ‚´π

µË”°«à“®÷ßπà“®–‡À¡“– ¡°«à“„π°“√º≈‘µ‚Õ‚´π‡™‘ßÕÿµ “À°√√¡ πÕ°®“°π—Èπ‡æ◊ËÕµâÕß°“√„Àâ‚Õ‚´π·æ√à

°√–®“¬„ππÈ”‡ ’¬‡ªìπ‰ªÕ¬à“ß√«¥‡√Á«·≈–∑—Ë«∂÷ß ®÷ß‰¥âπ”‡§√◊ËÕßº≈‘µ‚Õ‚´π∑’Ëæ—≤π“¢÷Èπ¡“ª√–¬ÿ°µå„™â°—∫

‡§√◊ËÕß‡µ‘¡Õ“°“»„ÀâπÈ”„π ¿“«–§«“¡¥—π Ÿß∑’ËºŸâ«‘®—¬‰¥âª√–¥‘…∞å¢÷Èπ ‚¥¬„™âÀ≈—°§ÿ≥ ¡∫—µ‘∑’Ë ¿“«–§«“¡¥—π

Õ“°“» Ÿß·≈–æ◊Èπ∑’ËπÈ”∑’Ë —¡º— °—∫°ä“´‰¥â¡“°∑’Ë ÿ¥ ÷́Ëß®–∑”„Àâ°“√·æ√à°√–®“¬¢Õß°ä“´º ¡°—∫πÈ”‡ ’¬‡ªìπ‰ªÕ¬à“ß

√«¥‡√Á«„π‡«≈“Õ—π —Èπ ‚¥¬„™â√–∫∫©’¥πÈ”‡ ’¬„Àâ°√–®“¬‡ªìπΩÕ¬‡¢â“‰ªº ¡°—∫°ä“´‚Õ‚´π√–∫∫§«“¡¥—π Ÿß
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¿“¬„π√–∫∫‡§√◊ËÕß‡µ‘¡‚Õ‚´π·≈â«ª≈àÕ¬ÕÕ°πÕ°√–∫∫¢Õß‡§√◊ËÕß®÷ß‰¡à‰ª√∫°«π —µ«åπÈ”·≈–‡ªìπ‡§√◊ËÕß∑’Ë‡æ‘Ë¡

§à“ DO ‰¥â¡“°°«à“‡§√◊ËÕß∫”∫—¥πÈ”‡ ’¬¥â«¬‚Õ‚´π·≈–‡§√◊ËÕß‡µ‘¡Õ“°“»∑—Ë«Ê ‰ª∑’Ë¡’ªí≠À“®“°°“√·æ√à

°√–®“¬¢Õß‚Õ‚´π·≈–ÕÕ°´‘‡®π„ππÈ”‰¡à∑—Ë«∂÷ß

Õÿª°√≥å
‡§√◊ËÕßº≈‘µ‚Õ‚´π (ozone production apparatus)

‡ªìπ‡§√◊ËÕßº≈‘µ‚Õ‚´π ¢π“¥ 22 «—µµå „™â°—∫‰øøÑ“ AC 220 V 50 Hz º≈‘µ‚Õ‚´π‰¥â 50 ∂÷ß
200 ¡‘≈≈‘°√—¡µàÕ™—Ë«‚¡ß ®“°Õ“°“» ¥—ß√Ÿª∑’Ë 1

√Ÿª∑’Ë 1 «ß®√‰øøÑ“¢Õß‚Õ‚´π‰π‡´Õ√å

‡§√◊ËÕß∫”∫—¥πÈ”‡ ’¬‚¥¬‚Õ‚´π„π ¿“«–§«“¡¥—π Ÿß
 à«πª√–°Õ∫

- ‚§√ß √â“ß¢Õß√–∫∫„™â«— ¥ÿ®”æ«° stainless steel and PVC ¢π“¥µ“¡√Ÿª∑’Ë 2 ‚¥¬ “¡“√∂
º≈‘µ‚Õ‚´π‰¥âª√–¡“≥ 50 ∂÷ß 200 ¡‘≈≈‘°√—¡ /™—Ë«‚¡ß

- ‡§√◊ËÕßÕ—¥Õ“°“» (air pump component: GAST Co., Ltd. USA, model 0.25 pH,
control both oxygen and air flow at capacity of up to 200 L/min)

- ‡§√◊ËÕß«—¥§«“¡¥—π (pressure meter: Nuovafima Co, Ltd. Japan, Model MSI-DS 150
to determine the pressure of the gas in the rang of 1.0 x 105 - 1.5 x 105 N/m2)

- ‡§√◊ËÕß«—¥§«“¡µà“ß»—°¬å (voltage meter: Tamadensoku Co, Ltd. Japan Model 20 ADS
¢π“¥ 3,000-18,000 ‚«≈µå)

- ‡§√◊ËÕß«—¥°√–· ‰øøÑ“ (current ampere meter: Yokogawa Hokushin Model 76AA
4318 ¢π“¥ 10-35 ¡‘≈≈‘·Õ¡·ª√å)
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- ‡§√◊ËÕß Ÿ∫πÈ” (water pump: Guangdng Risheng Group Co., Ltd, China Model
Hx-4500 ¢π“¥‰¡àµË”°«à“ 2,800 ≈‘µ√/™¡.)

- ‡§√◊ËÕß«—¥Õ—µ√“°“√‰À≈¢ÕßπÈ” (water flow meter: Essom Inspection TA Co., Ltd.
Thailand Model HB 016 ¢π“¥‰¡àµË”°«à“ 60 ≈‘µ√/π“∑’)

‡§√◊ËÕß∫”∫—¥πÈ”‡ ’¬‚¥¬‚Õ‚´π„π ¿“«–§«“¡¥—π Ÿß · ¥ß¥—ß√Ÿª∑’Ë 2

√Ÿª∑’Ë 2 ‡§√◊ËÕß∫”∫—¥πÈ”‡ ’¬¥â«¬‚Õ‚´π„π ¿“«–§«“¡¥—π Ÿß

°“√§«∫§ÿ¡ ¿“«–°“√∑”ß“π¢Õß‡§√◊ËÕß (operation condition)
À≈—°°“√∑”ß“π¢Õß‡§√◊ËÕß‡µ‘¡‚Õ‚´π„ÀâπÈ”„π ¿“«–§«“¡¥—π Ÿß·≈–‡µ‘¡Õ“°“»„ππÈ”„π ¿“«–

§«“¡¥—π Ÿß ∑—Èß Õß√–∫∫Õ¬Ÿà„π‡§√◊ËÕß‡¥’¬«°—π ‚¥¬¡’Õÿª°√≥å à«πª√–°Õ∫√«¡°—π ·≈–„™âµ—«§«∫§ÿ¡ 2 µ—«
§◊Õ

- µ—«§«∫§ÿ¡°“√„™â‚Õ‚´π À√◊Õ°“√„™âÕ“°“»„π°“√∑¥≈Õß
- µ—«§«∫§ÿ¡ª√‘¡“≥°“√‰À≈¢ÕßπÈ”„π°“√∑¥≈Õß ¥—ß√Ÿª∑’Ë 3 ·≈– √Ÿª∑’Ë 4
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√Ÿª∑’Ë 3 ¿“æ¥â“π∫π√–∫∫°“√∑”ß“π¢Õß‡§√◊ËÕß∫”∫—¥πÈ”‡ ’¬¥â«¬‚Õ‚´π„π ¿“«–§«“¡¥—π Ÿß

√Ÿª∑’Ë 4 ¿“æ¥â“π¢â“ß¢Õß‡§√◊ËÕß∫”∫—¥πÈ”‡ ’¬¥â«¬‚Õ‚´π„π ¿“«–§«“¡¥—π Ÿß

§ÿ≥ ¡∫—µ‘¢Õß‡§√◊ËÕß∫”∫—¥πÈ”‡ ’¬¥â«¬‚Õ‚´π„π ¿“«–§«“¡¥—π Ÿßπ—Èπ “¡“√∂§«∫§ÿ¡‰¥â∑—Èß
°“√„™â‚Õ‚´πÀ√◊ÕÕ“°“»∏√√¡¥“ ‚¥¬¡’ «‘∑´å§«∫§ÿ¡«à“®–‡ªìπ°“√‡µ‘¡‚Õ‚´πÀ√◊ÕÕ“°“»∏√√¡¥“°Á‰¥â ‚¥¬
®–„™â‡§√◊ËÕßº≈‘µÕ“°“»À√◊Õ‚Õ‚´πµ—«‡¥’¬«°—π

«‘∏’°“√∑¥≈Õß
π”‡§√◊ËÕß∫”∫—¥πÈ”‡ ’¬¥â«¬‚Õ‚´π ¿“«–§«“¡¥—π Ÿß∑¥≈ÕßÀ“ª√– ‘∑∏‘¿“æ„π°“√∂à“¬‡∑ÕÕ° ‘́‡®π

„ππÈ”ª√–ª“¥—ß· ¥ß„π√Ÿª∑’Ë 5 ‚¥¬¡’¢—ÈπµÕπ¥—ßπ’È
1. π”πÈ”ª√–ª“ 200 ≈‘µ√ ¡“≈¥ª√‘¡“≥ÕÕ°´‘‡®π∑’Ë≈–≈“¬„ππÈ” (dissolved oxygen: DO)

„Àâ¡’§à“‡ªìπ»Ÿπ¬å
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2. π”πÈ”¥—ß°≈à“«¡“∑¥ Õ∫°“√‡æ‘Ë¡ÕÕ°´‘‡®π„ÀâπÈ”®“°‡§√◊ËÕß‡µ‘¡‚Õ‚´π„π ¿“«–§«“¡¥—π Ÿß
‚¥¬„ÀâÕ—µ√“°“√‰À≈¢ÕßÕ“°“»‡¢â“ Ÿà√–∫∫‡§√◊ËÕß 50 ≈‘µ√/π“∑’ À√◊Õª√‘¡“≥‚Õ‚´π 150 ¡‘≈≈‘°√—¡/™—Ë«‚¡ß
§«“¡¥—π°ä“´„π√–∫∫ 1.3 x 105 N/m2 Õ—µ√“°“√‰À≈¢ÕßπÈ”ª√—∫„Àâ‡∑à“°—∫ 25 L/10 min, 50 L/10 min,
75 L/10 min, 100 L/10 min ·≈– 150 L/10 min µ“¡≈”¥—∫

3. π”πÈ”µ—«Õ¬à“ß∑’Ë‡°Á∫®“°ª≈“¬∑àÕ¢Õß‡§√◊ËÕß·≈–„π∂—ßªØ‘°‘√‘¬“µ“¡«‘∏’°“√¢Õß Moris [5]
¡“À“§à“ÕÕ°´‘‡®π≈–≈“¬πÈ” ‚¥¬«‘∏’‡Õ‰´¥å‚¡¥‘øî‡¥™—Ëπ (azide modification) [6]

Õπ÷Ëß°“√∑”„ÀâπÈ”ª√–ª“¡’§à“ÕÕ° ‘́‡®π≈–≈“¬πÈ”‡ªìπ»Ÿπ¬å∑”‰¥â ‚¥¬π”πÈ”ª√–ª“ª√‘¡“≥ 1,000 ≈‘µ√
¡“°”®—¥ÕÕ°´‘‡®π ‚¥¬„™â “√‡§¡’‚´‡¥’¬¡´—≈‰ø∑å (Na2SO3) „π‡°√¥√–¥—∫ß“π«‘‡§√“–Àå  ¥—ß ¡°“√

2Na2SO3 + O2 → 2Na2SO4

°“√§”π«≥ª√‘¡“≥¢Õß‚´‡¥’¬¡´—≈‰ø∑å∑’Ë„™â‚¥¬∑—Ë«‰ª®–§‘¥ª√‘¡“≥‡°‘πæÕ®“°∑ƒ…Æ’ §◊Õ 7.88
¡‘≈≈‘°√—¡/≈‘µ√ „π°“√∑¥ Õ∫§√—Èßπ’È‰¥â„™âπÈ”ª√–ª“≈¥ÕÕ°´‘‡®π≈–≈“¬„Àâ¡’§à“‡∑à“°—∫»Ÿπ¬å ·≈â«∑”°“√
∑¥≈Õß‚¥¬„™âπÈ”‡¢â“ Ÿà√–∫∫¢Õß‡§√◊ËÕß∫”∫—¥πÈ”‡ ’¬¥â«¬‚Õ‚´π„π ¿“«–§«“¡¥—π Ÿß

√Ÿª∑’Ë 5 ¿“æ¢≥–∑¥≈Õß∫”∫—¥πÈ”‡ ’¬¢Õß‡§√◊ËÕß∫”∫—¥πÈ”‡ ’¬¥â«¬‚Õ‚´π ¿“«–§«“¡¥—π Ÿß

π”πÈ”‡ ’¬¡“„ à„π∂—ßªØ‘°‘√‘¬“·≈â«π”‡§√◊ËÕß∫”∫—¥πÈ”‡ ’¬¥â«¬‚Õ‚´π ¿“«–§«“¡¥—π Ÿß¡“µ‘¥µ—Èß‰«â
∫π∂—ßªØ‘°‘√‘¬“ ®“°π—Èπ‡ªî¥‡§√◊ËÕß„Àâ∑”ß“πµ√«® Õ∫Õ—µ√“°“√‰À≈¢ÕßπÈ”„Àâ‡∑à“°—∫ 25 L/10 min 50 L/10 min,
75 L/10 min, 100 L/10 min ·≈– 150 L/10 min µ“¡≈”¥—∫ ·≈–„Àâ§«“¡¥—π¢Õß°ä“´„π√–∫∫‡∑à“°—∫
1.3 x 105 N/m2
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°“√À“§à“ —¡ª√– ‘∑∏‘Ï„π°“√∂à“¬‡∑ÕÕ°´‘‡®π≈ß‰ª„ππÈ” [7]

KLa = 2.303 x slope x 60

°“√À“§à“§«“¡ “¡“√∂„π°“√‡µ‘¡ÕÕ°´‘‡®π¢Õß‡§√◊ËÕß‡µ‘¡Õ“°“» (oxygenation capacity)
(mgO2/hr)

OC = KLaCsV

°“√À“§à“Õ—µ√“°“√∂à“¬‡∑ÕÕ° ‘́‡®π (oxygen transfer rate)

R0 = OC
P

ª√– ‘∑∏‘¿“æ„π°“√∂à“¬‡∑ÕÕ°´‘‡®π¢Õß‡§√◊ËÕß‡µ‘¡Õ“°“»

E = OC x 100
A

‚¥¬ KLa =  —¡ª√– ‘∑∏‘Ï¢Õß°“√∂à“¬‡∑ÕÕ° ‘́‡®π ‚¥¬§à“¥—ß°≈à“«®–¢÷Èπ°—∫°“√ªíòπªÉ«π¢ÕßπÈ” Õÿ≥À¿Ÿ¡‘
§«“¡¥—π∫√√¬“°“» ·≈–§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬„ππÈ”

OC = §«“¡ “¡“√∂„π°“√‡µ‘¡ÕÕ°´‘‡®π (mg/L)
Ro = Õ—µ√“°“√∂à“¬‡∑ÕÕ° ‘́‡®π (mg/kW-hr)
E = ª√– ‘∑∏‘¿“æ„π°“√∂à“¬‡∑ÕÕ°´‘‡®π¢Õß‡§√◊ËÕß‡µ‘¡Õ“°“» (%)
Cs = ÕÕ°´‘‡®πÕ‘Ë¡µ—«„ππÈ” (mg/L)
Ct = ÕÕ°´‘‡®π≈–≈“¬πÈ”∑’Ë‡«≈“ = t (mg/L)
PWR = °”≈—ß‰øøÑ“∑’Ë„™â„Àâ°—∫‡§√◊ËÕß‡µ‘¡Õ“°“» (kW)
V = ª√‘¡“µ√ L (m3)
A = ª√‘¡“≥ÕÕ°´‘‡®π∑’Ë‡µ‘¡≈ß‰ª„ππÈ” ≥  ¿“«–¡“µ√∞“π (0.008 m3/min) (60 min/hr)

(282,900 mgO2/m
3) (≥  ¿“«–¡“µ√∞“π∑’ËÕÿ≥À¿Ÿ¡‘ 20 ÌC §«“¡¥—π 1 ∫√√¬“°“»

¡’¡«≈ÕÕ°´‘‡®π 282,900 mgO2/m
3 ¢ÕßÕ“°“»)

P = °”≈—ß‰øøÑ“ («—µµå)
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º≈°“√∑¥≈Õß
®“°º≈°“√∑¥≈Õß¢Õß‡§√◊ËÕß∫”∫—¥πÈ”‡ ’¬¥â«¬‚Õ‚´π„π ¿“«–§«“¡¥—π Ÿß∑’Ë„™âÕ—µ√“°“√‰À≈

¢ÕßπÈ”‡ ’¬‡∑à“°—∫ 100 L/10 min ÷́Ëß‡ªìπÕ—µ√“°“√‰À≈¢ÕßπÈ”∑’Ë‡æ‘Ë¡§à“ÕÕ°´‘‡®π≈–≈“¬‰¥â¡“°∑’Ë ÿ¥¡“ √â“ß
°√“ø· ¥ß§«“¡ —¡æ—π∏å √–À«à“ßª√‘¡“≥ÕÕ°´‘‡®π≈–≈“¬πÈ”°—∫√–¬–‡«≈“°“√‡µ‘¡ÕÕ°´‘‡®π ®–‰¥â§à“
slope ‡∑à“°—∫ 0.0818 ·≈– R2 ‡∑à“°—∫ 0.9487 ¥—ß· ¥ß„π√Ÿª∑’Ë 6 ·≈â«π”§à“ slope ∑’Ë‰¥â‰ª„™â„π Ÿµ√
À“§à“ —¡ª√– ‘∑∏‘Ï¢Õß°“√∂à“¬‡∑ÕÕ°´‘‡®π (KLa) ‰¥â‰ª„™â§”π«≥À“ª√– ‘∑∏‘¿“æ„π°“√∂à“¬‡∑ÕÕ°´‘‡®π
¢Õß‡§√◊ËÕß‡µ‘¡Õ“°“» √“¬≈–‡Õ’¬¥¥—ßº≈°“√§”π«≥µàÕ‰ªπ’È

√Ÿª∑’Ë 6 §«“¡ —¡æ—π∏åÕÕ°´‘‡®π≈–≈“¬ (DO) °—∫‡«≈“¢Õß°“√„™â‚Õ‚´π

KLa = 2.303 x slope x 60
= 2.303 x 0.0818 x 60
= 11.303 hr-1

OC = KLaCsV
= 11.303 x 8.84 x 200 mgO2/hr
= 19,983.704 mgO2/hr

R0 = OC = 19983.704   = 1,665,308.667 mgO2/hrP 0.012
= 1.665 kgO2/kW-hr

E = OC x 100
A

= 19,983.704 x 100

(0.008 m3/ min x 60 min/hr) (282,900 mgO2/m
3)

= 14.72%

 

y =  0.0818x+0.5909
  R2 = 0.9487
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®“°°“√«‘‡§√“–Àåæ∫«à“  —¡ª√– ‘∑∏‘Ï¢Õß°“√∂à“¬‡∑ÕÕ°´‘‡®π (KLa) ‡∑à“°—∫ 11.303 hr-1

§«“¡ “¡“√∂„π°“√‡µ‘¡ÕÕ°´‘‡®π (OC) ‡∑à“°—∫ 19,983.704 mgO2.hr
-1 Õ—µ√“°“√∂à“¬‡∑ÕÕ°´‘‡®π (Ro)

‡∑à“°—∫ 1,665,308.667 mgO2.hr
-1 ª√– ‘∑∏‘¿“æ„π°“√∂à“¬‡∑ÕÕ°´‘‡®π¢Õß‡§√◊ËÕß‡µ‘¡Õ“°“»‰¥â 14.72%

‚¥¬À≈—°°“√„π°“√∂à“¬‡∑ÕÕ°´‘‡®π√–À«à“ßÕ“°“»°—∫πÈ”‡ªìπ‰ªµ“¡À≈—°°“√∂à“¬‡∑¢Õß‰À≈∑—Ë«‰ª [7]
πÕ°®“°π’È¬—ß‰¥â∑”°“√∑¥≈Õß‡§√◊ËÕß„π°“√‡µ‘¡‚Õ‚´π„ππÈ”¥â«¬‚¥¬∑”°“√∑¥≈Õß·ª√§à“Õ—µ√“

°“√‰À≈¢ÕßπÈ” π”º≈°“√∑¥≈Õß¡“ √â“ß°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥ÕÕ°´‘‡®π≈–≈“¬πÈ”°—∫
Õ—µ√“°“√‰À≈¢ÕßπÈ” ®“°º≈°“√∑¥≈Õß æ∫«à“„π∂—ßªØ‘°‘√‘¬“§à“ slope ‡∑à“°—∫ 0.4900 ·≈– R2
‡∑à“°—∫ 0.9335 ¥—ß· ¥ß„π√Ÿª∑’Ë 7 §à“§«“¡ —¡æ—π∏å√–À«à“ß°“√‡æ‘Ë¡§à“ÕÕ°´‘‡®π≈–≈“¬°—∫Õ—µ√“°“√‰À≈
¢ÕßπÈ”¡’§à“ Ÿß∂÷ß 93% ´÷ËßÕ¬Ÿà„π√–¥—∫¥’¡“° ‡æ√“–‚Õ‚´π≈–≈“¬πÈ”‰¥â¥’°«à“ÕÕ°´‘‡®π∂÷ß 10 ‡∑à“ [6] ·≈–
°“√‡æ‘Ë¡‚¡‡¡πµ—¡√–À«à“ß‚¡‡≈°ÿ≈¢ÕßπÈ”°—∫‚¡‡≈°ÿ≈¢Õß‚Õ‚´π®“°Õ—µ√“°“√‰À≈¢ÕßπÈ”∑’Ë‡æ‘Ë¡¢÷Èπ P = (mv)
H2O + (mv)O3 [1]

(Ek = mv2) [1]1
2

√Ÿª∑’Ë 7 °√“ø· ¥ß§«“¡ —¡æ—π∏åÕ—µ√“°“√‰À≈¢ÕßπÈ”°—∫°“√‡æ‘Ë¡§à“ÕÕ° ‘́‡®π≈–≈“¬ (DO) ‚¥¬°“√„™â‚Õ‚´π

πÕ°®“°π’È‰¥âπ”‡§√◊ËÕß∫”∫—¥πÈ”‡ ’¬¥â«¬Õ“°“»„π ¿“«–§«“¡¥—π Ÿß‰ª∑¥≈ÕßÀ“ª√– ‘∑∏‘¿“æ
„π°“√∂à“¬‡∑ÕÕ°´‘‡®π¢Õß‡§√◊ËÕß‡µ‘¡Õ“°“» ·≈–π”º≈°“√∑¥≈Õß¡“ √â“ß°√“ø‡æ◊ËÕÀ“§«“¡ —¡æ—π∏å
√–À«à“ßÕÕ°´‘‡®π≈–≈“¬πÈ”°—∫√–¬–‡«≈“ À“§à“ slope ·≈– R2 ·≈â«π”‰ª§”π«≥À“ª√– ‘∑∏‘¿“æ„π°“√
∂à“¬‡∑ÕÕ° ‘́‡®π

º≈®“°°“√∑¥≈Õß°“√‡æ‘Ë¡§à“ÕÕ°´‘‡®π≈–≈“¬„ÀâπÈ”∑’Ë„π∂—ßªØ‘°‘√‘¬“·≈–ª≈“¬∑àÕ¢Õß‡§√◊ËÕß®–
·ª√µ“¡Õ—µ√“°“√‰À≈¢ÕßπÈ” ∑—Èßπ’È‡π◊ËÕß®“°‡¡◊ËÕÕ—µ√“°“√‰À≈¢ÕßπÈ”‡æ‘Ë¡¡“°¢÷Èπ æ≈—ßß“π®≈πå‚¡‡≈°ÿ≈¢Õß

πÈ”°Á®–‡æ‘Ë¡πÈ”¢÷Èπµ“¡ ¡°“√                   ‡¢â“™π°—∫‚¡‡≈°ÿ≈¢ÕßÕÕ°´‘‡®π (O2) ‰¥â·√ß¢÷Èπ ®÷ß∑”„Àâ

À¬¥πÈ”∑’Ë©’¥®“°√Ÿ‡≈Á°„π√–∫∫¢Õß‡§√◊ËÕß·µ°‡ªìπÀ¬¥‡≈Á°Ê ¡“°¢÷Èπ ∑”„ÀâÕÕ°´‘‡®π≈–≈“¬„ππÈ”‰¥â¡“°¢÷Èπ
‡¡◊ËÕ‡æ‘Ë¡Õ—µ√“°“√‰À≈¢ÕßπÈ”´÷Ëß§à“ÕÕ°´‘‡®π≈–≈“¬ ‡æ‘Ë¡‰¥â Ÿß ÿ¥∑’ËÕ—µ√“°“√‰À≈¢ÕßπÈ” 150 L/10 min
∑’Ë„π∂—ßªØ‘°‘√‘¬“·≈–ª≈“¬∑àÕ¢Õß‡§√◊ËÕß‡∑à“°—∫ 6.4 ± 0.9 mg/L ·≈– 6.7 ± 1.1 mg/L µ“¡≈”¥—∫

 

y =  0.49x + 5.57

  R2 = 0.9335
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‚¥¬ÕÕ°´‘‡®π≈–≈“¬πÈ”∑’Ëª≈“¬∑àÕ¢Õß‡§√◊ËÕß¡“°°«à“„π∂—ßªØ‘°‘√‘¬“ ‡æ√“–∑’Ë„π∂—ßªØ‘°‘√‘¬“°“√·æ√à°√–®“¬
ÕÕ°´‘‡®π„πª√‘¡“≥πÈ”¡“°°«à“∑’Ëª≈“¬∑àÕ¢Õß‡§√◊ËÕß °“√‡æ‘Ë¡§à“ÕÕ°´‘‡®π≈–≈“¬¢ÕßπÈ”·ª√µ“¡Õ—µ√“°“√
‰À≈¢ÕßπÈ”‡ªìπ‰ªµ“¡À≈—°¢Õß‚¡‡¡πµ—¡®“°°“√™π¢Õß¡«≈πÈ”°—∫‚¡‡≈°ÿ≈¢Õß°ä“´ÕÕ°´‘‡®πµ“¡ ¡°“√
P = (mv)H2O + (mv)O2

 [1]
º≈°“√«‘‡§√“–Àåæ∫«à“ §à“ slope ‡∑à“°—∫ 0.0588 ·≈– R2 ‡∑à“°—∫ 0.9619 ¥—ß· ¥ß„π√Ÿª∑’Ë 8

π”§à“ slope ∑’Ë‰¥â‰ªÀ“§à“ —¡ª√– ‘∑∏‘Ï¢Õß°“√∂à“¬‡∑ÕÕ°´‘‡®π (KLa) ·≈–π”‰ª„™â§”π«≥À“ª√– ‘∑∏‘¿“æ
„π°“√∂à“¬‡∑ÕÕ°´‘‡®π¢Õß‡§√◊ËÕß‡µ‘¡Õ“°“»

√Ÿª∑’Ë 8 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ßÕÕ°´‘‡®π≈–≈“¬ (DO) °—∫‡«≈“¢Õß°“√„™âÕÕ°´‘‡®π

KLa = 2.303 x slope x 60
= 2.303 x 0.058 x 60
= 8.014 hr-1

OC = KLaCsV
= 8.014 x 8.84 x 200 mgO2/hr
= 14,168.752 mgO2/hr

R0 = OC = 14,168.752 = 1,416,875.20 mgO2/hrA 0.010
= 1.416 kgO2/kW-hr

E = OC x 100
 A

= 14,168.752 x 100

(0.008 m3/ min x 60 min/hr) (282,900 mgO2/m
3)

= 10.43%

y =  0.058x - 0.2909

  R2 = 0.9619
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º≈°“√«‘‡§√“–Àåæ∫«à“ —¡ª√– ‘∑∏‘Ï¢Õß°“√∂à“¬‡∑ÕÕ°´‘‡®π (KLa) ‡∑à“°—∫ 8.014 hr-1 §«“¡
 “¡“√∂„π°“√‡µ‘¡ÕÕ°´‘‡®π (OC) ‡∑à“°—∫ 14,168.752 mgO2.hr

-1 Õ—µ√“°“√∂à“¬‡∑ÕÕ°´‘‡®π (Ro)
‡∑à“°—∫ 141,687.20 mgO2.hr-1 ª√– ‘∑∏‘¿“æ„π°“√∂à“¬‡∑ÕÕ°´‘‡®π¢Õß‡§√◊ ËÕß‡µ‘¡Õ“°“»‡∑à“°—∫
10.43% ¢ÕßÀ≈—°°“√∂à“¬ÕÕ°´‘‡®π√–À«à“ßπÈ”·≈–Õ“°“» [7, 8] ·≈–¬—ß‰¥â∑”°“√∑¥≈Õß‡§√◊ËÕß„π°“√
‡µ‘¡Õ“°“»„ππÈ”¥â«¬ ‚¥¬∑”°“√∑¥≈Õß·ª√§à“Õ—µ√“°“√‰À≈¢ÕßπÈ” π”º≈°“√∑¥≈Õß¡“ √â“ß°√“ø· ¥ß
§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥ÕÕ° ‘́‡®π≈–≈“¬πÈ”°—∫Õ—µ√“°“√‰À≈¢ÕßπÈ”

√Ÿª∑’Ë 9 °√“ø· ¥ß§«“¡ —¡æ—π∏åÕ—µ√“°“√‰À≈¢ÕßπÈ”°—∫°“√‡æ‘Ë¡§à“ÕÕ° ‘́‡®π≈–≈“¬ (DO) ‚¥¬°“√„™âÕ“°“»

®“°º≈°“√∑¥≈Õß æ∫«à“„π∂—ßªØ‘°‘√‘¬“§à“ slope ‡∑à“°—∫ 0.66 ·≈– R2 ‡∑à“°—∫ 0.3507
¥—ß· ¥ß„π√Ÿª∑’Ë 9 §à“§«“¡ —¡æ—π∏å√–À«à“ß°“√‡æ‘Ë¡§à“ÕÕ°´‘‡®π≈–≈“¬°—∫Õ—µ√“°“√‰À≈¢ÕßπÈ”¡’§à“§àÕπ¢â“ß
µË” ‡∑à“°—∫ 0.3507

 √ÿªº≈°“√∑¥≈Õß
°“√∑¥≈ÕßÀ“ª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕßº≈‘µ‚Õ‚´π„π√–∫∫æ≈“ ¡“§«“¡¥—π Ÿß°—∫°“√„™âÕ“°“»

„π ¿“«–‡¥’¬«°—π®“°πÈ”ª√–ª“∑’Ë¡’§à“ÕÕ°´‘‡®π≈–≈“¬πÈ”‡∑à“°—∫»Ÿπ¬å §«“¡ —¡æ—π∏å√–À«à“ßÕ—µ√“°“√‰À≈
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y = 0.66x + 3.9

  R2 = 0.3507
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µ“√“ß∑’Ë 1  √ÿªª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕßº≈‘µ‚Õ‚´π„π√–∫∫æ≈“ ¡“§«“¡¥—π Ÿß°—∫°“√„™âÕ“°“»„π ¿“«–
‡¥’¬«°—π

Constant Ozonization Oxygenation

KLa 11.303 8.014

OC 19,983.704 mgO2/hr 14,168.752 mgO2/hr

Ro 1.665 kgO2/kW-hr 1.416 kgO2/kW-hr

E 14.72% 10.43%
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