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Electrical discharges of plasma ozonizer and its application
Songklanakarin J. Sci. Technol., May 2007, Suppl 2 : 365-378

Ozone synthesis is one of the applications of near atmospheric plasma processing. An ozone generator
in this research comprised two annular cylindrical-shaped electrodes. The inner electrode was made of
stainless steel covered with the dielectric glass and the outer electrode was also made of stainless steel. The
electric  spacing  gap  was  0.0075  m  and  length  of  ozonizer  was  0.21  m.  Oxygen  gas  passing  through  the
discharge gap between two electrodes supplied by an alternating current (AC) high voltage power supply,
frequency 50 Hz, ranging of 6-10 kVAC was used for producing ozone. The amount of ozone was determined
by the KI standard method. The result showed that the concentration of ozone is proportional to the AC
applied voltage. For determining effect of purified oxygen feed rate of 6-10 L/min on quantity of ozone, the
results indicated that at the volumetric flow rate of 8 L/min produced the largest amount of ozone. In
addition, ozone concentration at a flow rate of 8 L/min and an electrical discharge time of 3 minutes was
approximately determined as 41, 60, 80 and 135 mg/L at 8, 9, 10 and 11 kVAC, respectively.

Moreover,  study  of  dye  wastewater  of  Krajud  mat  was  proposed  and  treated  by  three  different
methods.  Firstly,  dye  wastewater  was  solely  treated  by  a  plasma  ozonation.  Secondly,  a  combination  of
ozonation and alum coagulation was used for dye wastewater treatment. Finally, the combined ozonation
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and activated carbon adsorption were used for dye wastewater treatment. The experimental results showed
that the percentage of light absorbance reduction of pink dyed wastewater for these three different methods
was  about  56%,  35%  and  10%,  respectively  compared  to  the  reference  sample.  In  addition,  For  these
methods, the percentage of BOD of treated dye wastewater could be reduced to 64%, 54% and 46% respect-
ively, the percentage of COD could be reduced to approximately 78%, 62% and 27%, respectively, compared
to the reference sample. In conclusion, the most effective method for dye wastewater treatment was the
combination of ozonation and adsorption by activated carbon.

For chemical compound analysis, the Fourier Transform Infrared (FTIR) spectrograph illustrated
that the treated dye solutions using ozonization were slightly different compared to the reference sample.
This is due to some complicated functional groups (methylene, carboxylate etc.) being broken down during
ozonation.
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 π“¡‰øøÑ“‰¡à ¡Ë”‡ ¡Õ∑’Ë§«“¡¥—π Ÿß°«à“À√◊Õ‡∑à“°—∫§«“¡¥—π
∫√√¬“°“» ¢÷ÈπÕ¬Ÿà°—∫√Ÿª∑√ß‡√¢“§≥‘µ¢Õß¢—È«‰øøÑ“ ≈—°…≥–
¢Õß¥‘ ™“√å®§≈â“¬°—∫¥‘ ™“√å®‡√◊Õß· ß  ¥‘ ™“√å®‚§‚√π“
 “¡“√∂π”°√–· ‰øøÑ“‰¥â„π√–¥—∫¡‘≈≈‘·Õ¡·ª√å ·≈–‡°‘¥¢÷Èπ
‰¥âµàÕ‡π◊ËÕß‚¥¬≈”æ—ß ‡™àπ °√≥’ “¬‰øøÑ“·√ß Ÿß°√–· µ√ß
¢π“π°—π ®–‡°‘¥°“√‡√◊Õß· ß√Õ∫‡ âπ≈«¥ ‡¡◊ËÕ»—°¬å‡æ‘Ë¡¢÷Èπ
∫√‘‡«≥‡√◊Õß· ß°«â“ß¢÷Èπ ‚§‚√π“„πÕ“°“» ¡’º≈∑”„Àâ‡°‘¥
‚Õ‚´π·≈–ÕÕ°‰´¥å¢Õß‰π‚µ√‡®π (™—¬«‘∑¬å, 2529) °“√π”
¥‘ ™“√å®‰øøÑ“·∫∫‚§‚√π“‰ª„™â¡’¡“¡“°°«à“ 100 ªï ¡’°“√
π”‰ª„™â∑“ß°“√§â“ ‡™àπ °“√∂à“¬¿“æ∑“ß‰øøÑ“ °“√°”®—¥
 “√æ‘… ·≈–°“√‡°‘¥‚Õ‚´π (Jen-Shih Chang et al., 1991;
Eliasson and Kogelchatz, 1991(a,b); ¬ÿ∑∏π“ ·≈–§≥–
2541) ‡ªìπµâπ
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 °Á‰¥â  πÕ°®“°π’È°“√™π°—π√–À«à“ßÕ–µÕ¡·≈–‚¡‡≈°ÿ≈

ÕÕ°´‘‡®π°ÁÕ“®‡°‘¥¢÷Èπ‡ªìπ‚Õ‚´π‡™àπ°—π ·µà°“√™π¢Õß
Õ‘‡≈Á°µ√Õπ°—∫‚¡‡≈°ÿ≈ÕÕ°´‘‡®π®–‰¡à‡°‘¥‡ªìπÕ–µÕ¡
ÕÕ° ‘́‡®π‡ ¡Õ‰ª ‡æ√“–¡’ªØ‘°‘√‘¬“∑“ß‡§¡’∑’Ë‡ªìπ‰ª‰¥â
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 ”§—≠¢Õß°“√°”‡π‘¥‚Õ‚´π«‘∏’π’È§◊Õ Õ“°“»∑’ËªÑÕπ„Àâ°—∫‡§√◊ËÕß
°”‡π‘¥‚Õ‚´π®–µâÕß·Àâßª√“»®“°§«“¡™◊Èπ ‡π◊ËÕß®“°§«“¡
™◊Èπ®–¡’º≈µàÕª√‘¡“≥¢Õßº≈‘µ¿—≥±å‚Õ‚´π ·≈–¡’º≈µàÕÕ“¬ÿ
°“√„™âß“π¢Õß‡§√◊ËÕß°”‡π‘¥‚Õ‚´πÕ’°¥â«¬ (‰æ±Ÿ√¬å, 2545)
„πß“π«‘®—¬π’È‡§√◊ËÕß°”‡π‘¥‚Õ‚´πª√–°Õ∫¥â«¬¢—È«‰øøÑ“∑√ß
°√–∫Õ° ¢—È«‰øøÑ“¿“¬„π∑”®“° ‡µπ‡≈  ·≈–∂Ÿ°Àÿâ¡¥â«¬
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‚Õ‚´πÕÕ°¡“ ‚¥¬æ≈—ßß“πÕ¬Ÿà„π√–¥—∫‰¡à‡°‘π 10 eV

‚Õ‚´π “¡“√∂π”¡“ª√–¬ÿ°µå„π°“√„™âß“π‰¥âÀ≈“¬
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BOD (Biological Oxygen Demand)  ·≈–  COD
(Chemical Oxygen Demand) ‰¥â,   “¡“√∂∑”ªØ‘°‘√‘¬“
°—∫ “√Õ‘π∑√’¬å ·≈–‰¡à¡’ªí≠À“„π°“√°”®—¥°“°µ–°Õπ ‡¡◊ËÕ
„™â„πª√‘¡“≥¡“°®– “¡“√∂ÕÕ°´‘‰¥´å “√Õ‘π∑√’¬å∑’Ë¬“°µàÕ
°“√ÕÕ°´‘‰¥´å‰¥â,  “¡“√∂≈¥ ’ °≈‘Ëπ §«“¡¢ÿàπ ·≈– “√µ÷ß
º‘«‰¥â, ‡æ‘Ë¡ª√‘¡“≥ÕÕ°´‘‡®π∑’Ë≈–≈“¬„ππÈ” (DO) ‡ªìπµâπ
°“√ª√–¬ÿ°µå„™âß“π‚Õ‚´π®÷ß¡’¡“°¡“¬À≈“¬¥â“π ‡™àπ
Õÿµ “À°√√¡Õ“À“√ „π°“√¶à“‡™◊ÈÕ‚√§ ”À√—∫Õÿµ “À°√√¡
∫√√®ÿ¢«¥æ≈“ µ‘°  ‚√ßß“πÕÿµ “À°√√¡„™â‚Õ‚´π„π°“√
∫”∫—¥πÈ”∑‘Èß®“°‚√ßß“πÀ≈“¬ª√–‡¿∑ ‡™àπ ‚√ßß“π¬âÕ¡ºâ“
‚√ßß“π°√–¥“… ‡ªìπµâπ (‰æ±Ÿ√¬å, 2545) ®“°∑’Ë°≈à“«¡“®÷ß
‡ªìπ∑’Ë¡“„π°“√»÷°…“ ¡∫—µ‘µà“ßÊ ∑’Ë∑”„Àâ‡°‘¥‚Õ‚´π ·≈–π”
¡“»÷°…“º≈∑’Ë‰¥â®“°°“√„™â‚Õ‚´π„π°“√∫”∫—¥πÈ”‡ ’¬ ’¬âÕ¡
·≈–‡ª√’¬∫‡∑’¬∫°—∫°“√∫”∫—¥¥â«¬«‘∏’Õ◊ËπÊ ‡æ◊ËÕÀ“·π«∑“ß„π
°“√≈¥ªí≠À“¡≈¿“«–∑“ßπÈ”∑’Ë‡°‘¥¢÷Èπ®“°°“√„™â ’¬âÕ¡ºâ“ ‚¥¬
‡©æ“–™ÿ¡™π„πæ◊Èπ∑’Ë¿“§„µâ∑’Ë¡’°“√∑”‡ ◊ËÕ°√–®Ÿ¥‡ªìπÕ“™’æ

«— ¥ÿ·≈–«‘∏’°“√∑¥≈Õß

1. °“√À“§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π ¥â«¬«‘∏’¡“µ√∞“π

‚æ·∑ ‡´’¬¡‰Õ‚Õ‰¥¥å (AOAC, 1995)

°“√‡µ√’¬¡ “√≈–≈“¬ ”À√—∫°“√∑¥ Õ∫ª√‘¡“≥§«“¡
‡¢â¡¢âπ¢Õß‚Õ‚´π®–ª√–°Õ∫¥â«¬  “√≈–≈“¬∑’Ë ”§—≠ 2 ™π‘¥
‰¥â·°à   “√≈–≈“¬‰Õ‚Õ¥’π¡“µ√∞“π‡æ◊ËÕ∑”°√“ø¡“µ√∞“π
·≈– “√≈–≈“¬ Absorbing reagent  ”À√—∫∑¥ Õ∫°“√
‡°‘¥‚Õ‚´π ‚¥¬°“√‡µ√’¬¡ “√≈–≈“¬ Absorbing reagent
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1% KI „π 0.1 M Phosphate buffer  ∑”‰¥â‚¥¬™—Ëß “√
KH

2
PO

4
 13.61 °√—¡, KI 10.00 °√—¡ ·≈– Anhydrous

disodium hydrogen phosphate 14.20 °√—¡ ≈–≈“¬ “√
‡§¡’∑—ÈßÀ¡¥„ππÈ”°≈—Ëπ (Double distilled water) ∑”„Àâ¡’
ª√‘¡“µ√ 1 ≈‘µ√  ·≈–°“√‡µ√’¬¡ “√≈–≈“¬‰Õ‚Õ¥’π¡“µ√∞“π
0.025 M ∑”‰¥â‚¥¬™—Ëß “√ KI 16.0 °√—¡, I 3.1730 °√—¡
≈–≈“¬ “√‡§¡’∑—ÈßÀ¡¥„ππÈ”°≈—Ëπ ·≈–∑”„Àâ¡’ª√‘¡“µ√ 500
¡≈.  ∑—Èß Õß “√≈–≈“¬®–µâÕß‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßÕ¬à“ßπâÕ¬
1 «—π °àÕππ”¡“„™â

 √â“ß°√“ø‰Õ‚Õ¥’π¡“µ√∞“π ‚¥¬‡µ√’¬¡ “√≈–≈“¬
‰Õ‚Õ¥’π¡“µ√∞“π 0.00125 M ‚¥¬ªî‡ªµ “√≈–≈“¬‰Õ‚Õ¥’π
¡“µ√∞“π 0.025 M ª√‘¡“µ√ 5 ¡≈. ∑”„Àâ¡’ª√‘¡“µ√‡ªìπ
100 ¡≈. ‚¥¬„Àâ≈–≈“¬„π “√≈–≈“¬ Absorbing reagent
ªî‡ªµ “√≈–≈“¬‰Õ‚Õ¥’π¡“µ√∞“π 0.00125 M ª√‘¡“µ√
0.2, 0.4, 0.6, 0.8, 1.0 ·≈– 1.2 ¡≈.  ≈–≈“¬¥â«¬ “√
≈–≈“¬ Absorbing reagent ®π‰¥âª√‘¡“µ√ 25 ¡≈. π”
 “√≈–≈“¬‰Õ‚Õ¥’π¡“µ√∞“π§«“¡‡¢â¡¢âπµà“ßÊ ∑’Ë‡µ√’¬¡‰«â
À“§à“°“√¥Ÿ¥°≈◊π¢Õß· ß (absorbance) ∑’Ë§à“§«“¡¬“«§≈◊Ëπ
352 π“‚π‡¡µ√ ´÷Ëß‡ªìπ§à“æ’§∑’Ë‡ÀÁπ™—¥‡®π ÿ¥

2. »÷°…“À“§«“¡ —¡æ—π∏å¢Õßª√‘¡“≥‚Õ‚´π°—∫Õ—µ√“°“√

‰À≈¢ÕßÕÕ° ‘́‡®π

Õ—µ√“°“√‰À≈∑’Ëµà“ß°—π∑”„Àâª√‘¡“≥‚Õ‚´π∑’Ë‰¥â‡ª≈’Ë¬π
·ª≈ß‰ª¥â«¬ ®÷ßµâÕß¡’°“√À“ª√‘¡“≥‚Õ‚´π∑’ËÕ—µ√“°“√‰À≈
¢ÕßÕÕ°´‘‡®πµà“ßÊ °—π ‡æ◊ËÕ®–‰¥â∑√“∫Õ—µ√“°“√‰À≈¢Õß
ÕÕ°´‘‡®π∑’Ë‡À¡“– ¡„π°“√º≈‘µ‚Õ‚´π ‚¥¬„™âÕ—µ√“°“√‰À≈
6, 7, 8, 9 ·≈– 10 ≈‘µ√/π“∑’ ‚¥¬°”Àπ¥„Àâ§«“¡µà“ß»—°¬å
¢Õß·À≈àß°”‡π‘¥‰øøÑ“°√–·  ≈—∫‡ªìπ 8, 9, 10 ·≈– 11
°‘‚≈‚«≈µå

3. »÷°…“§«“¡ —¡æ—π∏å¢Õßª√‘¡“≥‚Õ‚´π°—∫§«“¡µà“ß

»—°¬å‰øøÑ“

‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π·ª≈ß§«“¡µà“ß»—°¬å‰øøÑ“∑’Ë„Àâ°—∫
‡§√◊ËÕß°”‡π‘¥‚Õ‚´π ª√‘¡“≥‚Õ‚´π∑’Ë‰¥â®–‡ª≈’Ë¬π·ª≈ß‰ª
®÷ß¡’°“√À“§à“ª√‘¡“≥‚Õ‚´π∑’Ë‡«≈“µà“ßÊ ¢Õß·µà≈–§«“¡µà“ß
»—°¬å‰øøÑ“ ‚¥¬ºà“πÕÕ°´‘‡®π‰ª¬—ß‡§√◊ËÕß°”‡π‘¥‚Õ‚´π ‚¥¬
°”Àπ¥„ÀâÕ—µ√“°“√‰À≈¢ÕßÕÕ°´‘‡®π‡ªìπ 8 ≈‘µ√/π“∑’ „Àâ
§«“¡µà“ß»—°¬å¢Õß·À≈àß°”‡π‘¥‰øøÑ“°√–·  ≈—∫‡ªìπ 8 °‘‚≈

‚«≈µå ‡ªìπ‡«≈“ 0.5, 1.0, 1.5 ·≈– 2.5 π“∑’ µ“¡≈”¥—∫
‡ª≈’Ë¬π§«“¡µà“ß»—°¬å∑’Ë„Àâ‡ªìπ 9, 10 ·≈– 11 °‘‚≈‚«≈µå µ“¡
≈”¥—∫

4. ª√‘¡“≥°√–· ‰øøÑ“∑’Ë‡°‘¥¢÷Èπ√–À«à“ß°“√¥‘ ™“√å®

°“√«—¥°√–· ‰øøÑ“∑’Ë‡°‘¥√–À«à“ß°“√¥‘ ™“√å® · ¥ß
¥—ß Figure 1 ‚¥¬π”ª≈“¬¢â“ßÀπ÷Ëß¢Õß‡ âπ≈«¥µàÕ‡¢â“°—∫
 “¬¥‘π¢Õß‡§√◊ËÕß°”‡π‘¥‚Õ‚´πµàÕ “¬ —≠≠“≥®“°À—««—¥
°√–· ‰øøÑ“ ¬’ËÀâÕ Tektronix √ÿàπ CT-1 ‰ª¬—ßÕÕ ´‘≈‚≈
 ‚§ªºà“π°ä“´ÕÕ°´‘‡®π‰ª¬—ß‡§√◊ËÕß°”‡π‘¥‚Õ‚´π ‚¥¬„Àâ
Õ—µ√“°“√‰À≈¢Õß°ä“´‡ªìπ 2 ≈‘µ√/π“∑’ ®à“¬‰øøÑ“°√–· 
 ≈—∫„Àâ°—∫‡§√◊ËÕß°”‡π‘¥‚Õ‚´π ‚¥¬‡√‘Ë¡∑’Ë§«“¡µà“ß»—°¬å‰øøÑ“
2 °‘‚≈‚«≈µå ∫—π∑÷° —≠≠“≥∑’Ë‰¥â®“°°‡§√◊ËÕßÕÕ ´‘≈‚≈ ‚§ª
‡ª≈’Ë¬πÕ—µ√“°“√‰À≈¢ÕßÕÕ°´‘‡®π‡ªìπ 8 ≈‘µ√/π“∑’ ‚¥¬„™â
§à“§«“¡µà“ß»—°¬å‰øøÑ“ 2 °‘‚≈‚«≈µå‡∑à“‡¥‘¡ ∑”°“√∫—π∑÷°
 —≠≠“≥∑’Ë‰¥â®“°‡§√◊ËÕßÕÕ ´‘≈‚≈ ‚§ª ·ª≈ß§«“¡µà“ß»—°¬å
‰øøÑ“∑’ËÕà“π‰¥â‡ªìπ°√–· ¥‘ ™“√å® ‚¥¬„™âÕ—µ√“ à«π §«“¡
µà“ß»—°¬å‰øøÑ“ 5 ¡‘≈≈‘‚«≈µå µàÕ°√–· ¥‘ ™“√å® 1 ¡‘≈≈‘·Õ¡ªá
∑”°“√∑¥≈Õß´È” ‚¥¬‡ª≈’Ë¬π§«“¡µà“ß»—°¬å‰øøÑ“‡ªìπ 3 °‘‚≈
‚«≈µå ∑”°“√∫—π∑÷° —≠≠“≥∑’Ë‰¥â®“°°‡§√◊ËÕßÕÕ ´‘≈‚≈ ‚§ª
∑’ËÕ—µ√“°“√‰À≈¢ÕßÕÕ°´‘‡®π 2 ·≈– 8 ≈‘µ√/π“∑’ µ“¡≈”¥—∫

5. °“√∫”∫—¥πÈ” ’¬âÕ¡¥â«¬‚Õ‚´π

«‘∏’°“√‡µ√’¬¡µ—«Õ¬à“ßπÈ” ’ —ß‡§√“–Àå

™—Ëß ’¬âÕ¡ ’™¡æŸ 1.00 °√—¡ ≈–≈“¬„ππÈ” 8000 ¡≈.
µâ¡ “√≈–≈“¬πÈ” ’¬âÕ¡π“πª√–¡“≥ 1 ™—Ë«‚¡ß π”°√–®Ÿ¥
Àπ—° 100 °√—¡ µâ¡„π “√≈–≈“¬πÈ” ’¬âÕ¡ π“π 20 π“∑’

Figure 1. Experimental  setup  of  a  dielectric
barrier discharge system for producing
ozone



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 29 (©∫—∫æ‘‡»… 2) æ.§. 2550 : ∫—≥±‘µ»÷°…“
°“√¥‘ ™“√å®‰øøÑ“¢Õß√–∫∫æ≈“ ¡“‚Õ‚´‰π‡´Õ√å

¬ÿ∑∏π“  Ø‘√–«≥‘™¬å°ÿ≈ ·≈–§≥–369

‡°Á∫µ—«Õ¬à“ßπÈ” ’‰ª∫”∫—¥¥â«¬‚Õ‚´π ∑”´È”‚¥¬‡ª≈’Ë¬π‡ªìπ
 ’πÈ”‡ß‘π ·≈– ’·¥ß

«‘∏’°“√∫”∫—¥¥â«¬‚Õ‚´π

π”µ—«Õ¬à“ßπÈ” ’ 500 ¡≈. ‡ªî¥‡§√◊ËÕß°”‡π‘¥‚Õ‚´π
‚¥¬®à“¬‰øøÑ“°√–·  ≈—∫ 10 °‘‚≈‚«≈µå ·≈–Õ—µ√“°“√‰À≈
¢Õß°ä“´ÕÕ°´‘‡®π 8 ≈‘µ√/π“∑’ ºà“π‚Õ‚´ππ“π 30, 60
π“∑’ «—¥§à“°“√¥Ÿ¥°≈◊π· ß §à“ BOD ·≈–§à“ COD ∑”´È”
‚¥¬‡ª≈’Ë¬π‡ªìπµ—«Õ¬à“ßπÈ” ’πÈ”‡ß‘π ·≈– ’·¥ß

6. »÷°…“‚§√ß √â“ß¢ÕßÕπÿ¿“§ ’¬âÕ¡À≈—ß∫”∫—¥¥â«¬‚Õ‚´π

™—Ëßºß ’¬âÕ¡‡ ◊ËÕ°√–®Ÿ¥  ’™¡æŸ 2 °√—¡ ≈–≈“¬„ππÈ”
°≈—Ëπª√‘¡“µ√ 250 ¡≈. π” “√≈–≈“¬ ’™¡æŸ ª√‘¡“µ√ 100
¡≈. „ à„π¢«¥¡‘¥‡°ÁµÕ‘¡æ√‘π‡°Õ√å ‡ªî¥‡§√◊ËÕß°”‡π‘¥‚Õ‚´π
‚¥¬®à“¬‰øøÑ“°√–·  ≈—∫ 10 °‘‚≈‚«≈µå ·≈–Õ—µ√“°“√‰À≈
¢Õß°ä“´ÕÕ°´‘‡®π 8 ≈‘µ√/π“∑’ ºà“π‚Õ‚´π‰ª¬—ß “√≈–≈“¬
 ’™¡æŸ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß 30 π“∑’  ∑”„Àâ·Àâß ‚¥¬„™â
Õÿª°√≥å‡§√◊ËÕßÕ∫·Àâß‡¬◊Õ°·¢Áß (Freeze drying) »÷°…“
‚§√ß √â“ß¢Õßºß ’∑’Ë·Àâß·≈â«¥â«¬‡§√◊ËÕß FTIR ‚¥¬™—Ëß
πÈ”Àπ—°ºß ’‡¢’¬«∑—Èß°àÕπ·≈–À≈—ß°“√∫”∫—¥¥â«¬‚Õ‚´π‡∑à“°—π
§◊Õ 2.1 ¡°. ·≈–„™â‚æ·∑ ‡´’¬¡‚∫√‰¡¥å (KBr) 200 ¡°.
∑”´È”·µà‡ª≈’Ë¬πºß ’¬âÕ¡‡ªìπ ’·¥ß ·≈– ’πÈ”‡ß‘π

7. °“√ª√–¬ÿ°µå„™â‚Õ‚´π„π°“√∫”∫—¥πÈ” ’√à«¡°—∫«‘∏’°“√

Õ◊ËπÊ

7.1 °“√∫”∫—¥πÈ”‡ ’¬ ’¬âÕ¡¥â«¬‚Õ‚´π√à«¡°—∫°“√

µ°µ–°Õπ¥â«¬ “√ â¡

°. À“ª√‘¡“≥ “√ â¡∑’Ë‡À¡“– ¡ ”À√—∫°“√µ°
µ–°Õπ “√≈–≈“¬ ’¬âÕ¡ ¡’¢—ÈπµÕπ ¥—ßπ’È

À“§à“ pH ·≈–°“√¥Ÿ¥°≈◊π· ß¢Õßµ—«Õ¬à“ß
πÈ” ’ ª√—∫§à“ pH ¢ÕßπÈ” ’¬âÕ¡‡ ◊ËÕ°√–®Ÿ¥ ‚¥¬„™â “√≈–≈“¬
‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å  π”µ—«Õ¬à“ßπÈ” ’„ à„π∫’°‡°Õ√å 5 „∫
„∫≈– 500 ¡≈. µàÕ‡¢â“°—∫‡§√◊ËÕß¡◊Õ ”À√—∫°“√∑”®“√å‡∑ ∑å
‡µ‘¡ “√ â¡§«“¡‡¢â¡¢âπ 1,000 ¡°./≈‘µ√ ª√‘¡“≥ 10, 20,
30, 40 ·≈– 50 ¡°./≈‘µ√ µ“¡≈”¥—∫≈ß„π·µà≈–∫’°‡°Õ√å
‡ªî¥‡§√◊ËÕß®“√å‡∑ ∑å ¥â«¬§«“¡‡√Á«„∫æ—¥ 100 √Õ∫/π“∑’ ‡ªìπ
‡«≈“ 1 π“∑’ ‡ª≈’Ë¬π§«“¡‡√Á«‡ªìπ 30 √Õ∫/π“∑’ ‡ªìπ‡«≈“
30 π“∑’ ªî¥‡§√◊ËÕßµ—Èß∑‘Èß‰«â 1 ™—Ë«‚¡ß ¥Ÿ¥µ—«Õ¬à“ßπÈ” ’‚¥¬„™â
ªî‡ªµ ·≈–π”‰ªÀ“§à“°“√¥Ÿ¥°≈◊π· ß¢ÕßπÈ”·µà≈–∫’°‡°Õ√å

÷́Ëß§à“°“√¥Ÿ¥°≈◊π· ß∑’ËµË” ÿ¥®–‡ªìπª√‘¡“≥ “√ â¡∑’Ë‡À¡“– ¡
„π°“√„™â„π°“√∑¥≈Õß

¢. °“√∫”∫—¥πÈ”‡ ’¬ ’¬âÕ¡¥â«¬°“√µ°µ–°Õπ
¥â«¬ “√ â¡√à«¡°—∫‚Õ‚´π

ª√—∫§à“ pH ¢ÕßπÈ” ’¬âÕ¡‡ ◊ËÕ°√–®Ÿ¥ ‚¥¬
„™â “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å   π”µ—«Õ¬à“ßπÈ” ’„ à„π
∫’°‡°Õ√å 5 „∫ „∫≈– 500 ¡≈. µàÕ‡¢â“°—∫‡§√◊ËÕß®“√å‡∑ ∑å
‡µ‘¡ “√ â¡§«“¡‡¢â¡¢âπ 1,000 ¡°./≈‘µ√ ª√‘¡“≥ 50 ¡°./
≈‘µ√ ≈ß„π·µà≈–∫’°‡°Õ√å ‡ªî¥‡§√◊ËÕß®“√å‡∑ ∑å ¥â«¬§«“¡‡√Á«
„∫æ—¥ 100 √Õ∫/π“∑’ ‡ªìπ‡«≈“ 1 π“∑’  ‡ª≈’Ë¬π§«“¡‡√Á«
‡ªìπ 30 √Õ∫/π“∑’ ‡ªìπ‡«≈“ 30 π“∑’ ªî¥‡§√◊ËÕßµ—Èß∑‘Èß‰«â 1
™—Ë«‚¡ß ¥Ÿ¥µ—«Õ¬à“ßπÈ” ’ ‡©æ“–¥â“π∫π‚¥¬„™âªî‡ªµ π”πÈ” ’
¬âÕ¡‡ ◊ËÕ°√–®Ÿ¥∑’Ëºà“π°“√µ°µ–°Õπ¥â«¬ “√ â¡ 550 ¡≈. „ à
„π¢«¥√Ÿª™¡æŸà ¢π“¥ 1,000 ¡≈. ‡ªî¥‡§√◊ËÕß°”‡π‘¥‚Õ‚´π
‚¥¬®à“¬»—°¬å‰øøÑ“°√–·  ≈—∫ 10 °‘‚≈‚«≈µå ·≈–„ÀâÕ—µ√“
°“√‰À≈¢Õß°ä“´ÕÕ°´‘‡®π‡ªìπ 8 ≈‘µ√/π“∑’  ºà“π‚Õ‚´π‰ª
¬—ßπÈ” ’ ‡ªìπ‡«≈“ 30 ·≈– 60 π“∑’ µ“¡≈”¥—∫  ∑”°“√À“
§à“°“√¥Ÿ¥°≈◊π¢Õß· ß  §à“ BOD  ·≈–§à“ COD  ‡æ◊ËÕ„™â
æ‘®“√≥“°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥¿“æπÈ” ’

7.2 °“√∫”∫—¥‡ ’¬ ’¬âÕ¡¥â«¬‚Õ‚´π√à«¡°—∫°“√

¥Ÿ¥´—∫¥â«¬∂à“π°—¡¡—πµå

°. »÷°…“Õ‘∑∏‘æ≈¢Õßª√‘¡“≥∂à“π°—¡¡—πµå·≈–
‡«≈“ —¡º— ∑’Ë¡’º≈µàÕª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’¬âÕ¡

π”πÈ”‡ ’¬ ’¬âÕ¡ 50 ¡≈. „ à„π¢«¥√Ÿª™¡æŸà
¢π“¥ 250 ¡≈. ‡µ‘¡∂à“π°—¡¡—πµå 10 °√—¡/≈‘µ√¢ÕßπÈ”‡ ’¬
 ’¬âÕ¡  ‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“¥â«¬§«“¡‡√Á« 120 √Õ∫/π“∑’
‡«≈“ —¡º—  5 π“∑’  °√ÕßπÈ”‡ ’¬ ’¬âÕ¡¥â«¬°√–¥“…°√Õß
Whatman ‡∫Õ√å 4  π”‰ª«‘‡§√“–Àå§à“¥Ÿ¥°≈◊π· ß∑’Ë§«“¡
¬“«§≈◊Ëπ∑’Ë¡’°“√¥Ÿ¥°≈◊π· ß Ÿß ÿ¥¢Õß ’·µà≈–µ—« ‡ª≈’Ë¬π‡«≈“
 —¡º— ‡ªìπ 10, 15, 30, 60, 90, 120 ·≈– 180 π“∑’
‡ª≈’Ë¬πª√‘¡“≥∂à“π‡ªìπ 20 ·≈– 30 °√—¡/≈‘µ√¢ÕßπÈ”‡ ’¬
 ’¬âÕ¡ ‡¢’¬π°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß‡ªÕ√å‡´Áπµå§à“
°“√¥Ÿ¥°≈◊π· ß¢ÕßπÈ” ’°—∫‡«≈“ ‡æ◊ËÕÀ“‡«≈“∑’Ë°“√¥Ÿ¥´—∫‡¢â“
 Ÿà ¡¥ÿ≈

¢. °“√∫”∫—¥πÈ”‡ ’¬ ’¬âÕ¡¥â«¬∂à“π°—¡¡—πµå√à«¡
°—∫‚Õ‚´π

π”πÈ”‡ ’¬ ’¬âÕ¡ 550 ¡≈. „ à„π¢«¥√Ÿª™¡æŸà
¢π“¥ 1,000 ¡≈. ‡µ‘¡∂à“π 10 °√—¡/≈‘µ√¢ÕßπÈ”‡ ’¬ ’¬âÕ¡
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‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“¥â«¬§«“¡‡√Á« 120 √Õ∫/π“∑’ ‡«≈“ —¡º— 
150 π“∑’ °√ÕßπÈ”‡ ’¬ ’¬âÕ¡¥â«¬°√–¥“…°√Õß Whatman
‡∫Õ√å 4  π”πÈ” ’¬âÕ¡‡ ◊ËÕ°√–®Ÿ¥ 550 ¡≈. „ à„π¢«¥√Ÿª™¡æŸà
¢π“¥ 1,000 ¡≈.  ‡ªî¥‡§√◊ËÕß°”‡π‘¥‚Õ‚´π ‚¥¬®à“¬»—°¬å
‰øøÑ“°√–·  ≈—∫ 10 °‘‚≈‚«≈µå ·≈–„ÀâÕ—µ√“°“√‰À≈¢Õß
°ä“´ÕÕ°´‘‡®π‡ªìπ 8 ≈‘µ√/π“∑’ ºà“π‚Õ‚´π‰ª¬—ßπÈ” ’¬âÕ¡
‡ªìπ‡«≈“ 30 ·≈– 60 π“∑’ µ“¡≈”¥—∫ ‡°Á∫πÈ” ’ ‡æ◊ËÕÀ“§à“
°“√¥Ÿ¥°≈◊π¢Õß· ß §à“ BOD ·≈– §à“ COD ‡æ◊ËÕæ‘®“√≥“
°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥¿“æπÈ” ’

º≈°“√∑¥≈Õß·≈–«‘‡§√“–Àå

º≈°“√∑¥≈Õß·≈–°“√«‘‡§√“–Àåº≈„πß“π«‘®—¬π’È ®–
·∫àßµ“¡¢—ÈπµÕπ„π°“√¥”‡π‘π°“√«‘®—¬ ¥—ßπ’È

1. °“√À“§«“¡‡¢â¡¢âπ¢Õßª√‘¡“≥‚Õ‚´π

®“°°“√»÷°…“°“√À“ª√‘¡“≥‚Õ‚´π ‚¥¬«‘∏’¡“µ√∞“π
‚æ·∑ ‡´’¬¡‰Õ‚Õ‰¥ å ®–‰¥â°√“ø‰Õ‚Õ¥’π¡“µ√∞“π∑’Ë„™â‡ªìπ
°√“ø¡“µ√∞“π„π°“√‡ª√’¬∫‡∑’¬∫À“ª√‘¡“≥‚Õ‚´π

2. °“√À“§«“¡ —¡æ—π∏å¢Õßª√‘¡“≥‚Õ‚´π°—∫Õ—µ√“°“√

‰À≈¢ÕßÕÕ° ‘́‡®π

®“°°“√À“ª√‘¡“≥‚Õ‚´π∑’ËÕ—µ√“°“√‰À≈¢Õß°ä“´
ÕÕ°´‘‡®πµà“ßÊ ∑’Ë„Àâ·°à‡§√◊ËÕß°”‡π‘¥‚Õ‚´π ‚¥¬„™â‡«≈“ 3

π“∑’ æ∫«à“°“√‡ª≈’Ë¬π·ª≈ßÕ—µ√“°“√‰À≈¢Õß°ä“´ÕÕ°´‘‡®π
¡’º≈µàÕ°“√ª√‘¡“≥°“√‡°‘¥‚Õ‚´π¢Õß√–∫∫ π—Ëπ§◊Õ ‡¡◊ËÕ„Àâ
‡ß◊ËÕπ‰¢¢Õß»—°¬å‰øøÑ“∑’Ë®à“¬„Àâ°—∫√–∫∫ ·≈–ªí®®—¬Õ◊ËπÊ „Àâ
¡’§à“§ß∑’Ë æ∫«à“ Õ—µ√“°“√‰À≈¢Õß°ä“´∑’Ë‡æ‘Ë¡¢÷Èπ„π™à«ßÀπ÷Ëß
‡∑à“π—Èπ∑’Ë®–∑”„Àâª√‘¡“≥°“√‡°‘¥‚Õ‚´π‡æ‘Ë¡¢÷Èπ ‚¥¬„π°“√
∑¥≈Õßπ’È∑’ËÕ—µ√“°“√‰À≈ 8 ≈‘µ√/π“∑’ ‡ªìπÕ—µ√“°“√‰À≈∑’Ë
∑”„Àâ‡°‘¥‚Õ‚´π¡“°∑’Ë ÿ¥ ·≈–À≈—ß®“°Õ—µ√“°“√‰À≈™à«ßπ’È
·≈â«ª√‘¡“≥°“√‡°‘¥‚Õ‚´π®–≈¥≈ß ‡π◊ËÕß®“°»—°¬å‰øøÑ“∑’Ë„Àâ
‡æ◊ËÕ∑”„Àâ‡°‘¥°“√·µ°µ—«√–¥—∫Àπ÷Ëß∑’Ë∑”„Àâ “¡“√∂º≈‘µ‚Õ‚´π
‰¥â¡“° ÿ¥  πà“®–¡’ “‡Àµÿ¡“®“° ≥ ª√‘¡“≥»—°¬å‰øøÑ“§ß∑’Ë
π—Èπ  æ≈—ßß“π∑’ËªÑÕπ„Àâ°—∫√–∫∫ (‚Õ‚´‰π‡´Õ√å) §ß∑’Ë ´÷Ëß
‡æ’¬ßæÕµàÕ®”π«π‚¡‡≈°ÿ≈¢ÕßÕÕ° ‘́‡®π¢π“¥Àπ÷Ëß ¥—ßπ—Èπ
À“°‡æ‘Ë¡ª√‘¡“≥‚¡‡≈°ÿ≈¢ÕßÕÕ°´‘‡®π¡“°¢÷Èπ ‚¥¬‡æ‘Ë¡Õ—µ√“
°“√‰À≈ ®÷ß‡ªìπº≈„Àâª√‘¡“≥‚¡‡≈°ÿ≈∫“ß à«π‰¡à “¡“√∂∂Ÿ°
¥‘ ™“√å®·≈–‡ª≈’Ë¬π‰ª‡ªìπ‚Õ‚´π‰¥â Õ’°‡Àµÿº≈Àπ÷Ëßπà“®–¡“
®“°°“√∑’ËÕ—µ√“°“√‰À≈¢ÕßÕ“°“» ŸßÊ ®–∑”„Àâ‚¡‡≈°ÿ≈¢Õß
ÕÕ° ‘́‡®π‰À≈ºà“π‡√Á«¡“°„π∫√‘‡«≥™àÕß«à“ß¥‘ ™“√å® ∑”„Àâ
‚¡‡≈°ÿ≈¢Õß°ä“´ à«π¡“°‰¡à‰¥â∂Ÿ°∑”„Àâ·µ°µ—«„π‡«≈“∑’Ë
‡À¡“– ¡ ®÷ß∑”„Àâª√‘¡“≥‚Õ‚´πµË”°«à“∑’ËÕ—µ√“°“√‰À≈µË”Ê

3. °“√À“§«“¡ —¡æ—π∏å¢Õßª√‘¡“≥‚Õ‚´π°—∫§«“¡µà“ß

»—°¬å‰øøÑ“

®“°°“√À“ª√‘¡“≥‚Õ‚´π∑’Ë‡«≈“µà“ßÊ ¢Õß·µà≈–
§«“¡µà“ß»—°¬å‰øøÑ“ ‚¥¬„ÀâÕ—µ√“°“√‰À≈™Õß°ä“´ÕÕ° ‘́‡®π

Figure 2. Standard calibration curve of ozone
concentration and absorbance value
(1 molecule of ozone is equivalent to 1
molecule of Iodine which is absorbed
by wavelength at 352 nm)

Figure 3. Ozone concentration at discharge time
and high voltage values



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 29 (©∫—∫æ‘‡»… 2) æ.§. 2550 : ∫—≥±‘µ»÷°…“
°“√¥‘ ™“√å®‰øøÑ“¢Õß√–∫∫æ≈“ ¡“‚Õ‚´‰π‡´Õ√å

¬ÿ∑∏π“  Ø‘√–«≥‘™¬å°ÿ≈ ·≈–§≥–371

8 ≈‘µ√/π“∑’ ®–‰¥â°√“ø· ¥ßª√‘¡“≥‚Õ‚´π∑’Ë§«“¡µà“ß»—°¬å
‰øøÑ“ 8, 9, 10 ·≈– 11 °‘‚≈‚«≈µå · ¥ß¥—ß Figure 3
®“°º≈¢Õß°“√∑¥≈Õß æ∫«à“ ª√‘¡“≥§«“¡‡¢â¡¢âπ¢Õß
‚Õ‚´π¢÷Èπ°—∫°“√‡ª≈’Ë¬π·ª≈ß»—°¬å‰øøÑ“∑’ËªÑÕπ„Àâ°—∫√–∫∫
πÕ°®“°π’Èæ∫«à“∑’Ë‡«≈“¥‘ ™“√å®‡∑à“°—π ª√‘¡“≥°“√‡°‘¥‚Õ‚´π
®–‡æ‘Ë¡¢÷Èπµ“¡°“√‡æ‘Ë¡¢Õß»—°¬å‰øøÑ“  “¡“√∂‡¢’¬π· ¥ß
§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π°—∫‡«≈“
¥‘ ™“√å®„π≈—°…≥–¢Õß°√“ø‡ªìπ√Ÿª‡Õ°´å‚æ·ππ‡™’¬≈ ¥—ß
 ¡°“√∑’Ë 1

y  =  a*exp(bt) (1)

‡¡◊ËÕ y §◊Õ ª√‘¡“≥‚Õ‚´π∑’Ë‡°‘¥¢÷Èπ Àπà«¬ ¡°./≈‘µ√
x §◊Õ ‡«≈“∑’Ë‡°‘¥¥‘ ™“√å® Àπà«¬ π“∑’
a =  0.0504 exp (0.5098V);  R2 = 0.9975
b =  0.0171V + 0.3107;  R2 = 0.7945
V = §à“§«“¡µà“ß»—°¬å‰øøÑ“, kV

·≈–‰¥â«à“°“√‡ª≈’Ë¬π·ª≈ß‡«≈“°“√¥‘ ™“√å®∑”„Àâ
ª√‘¡“≥‚Õ‚´π‡æ‘Ë¡¢÷Èπ‡π◊ËÕß®“°‡«≈“„π°“√¥‘ ™“√å®‡æ‘Ë¡¢÷Èπ
´÷Ëß°Á§◊Õ‡«≈“„π°“√∑”„Àâ°ä“´ÕÕ°´‘‡®π·µ°µ—«·≈â«√«¡°—π
‡ªìπ‚Õ‚´π¡’¡“°¢÷Èπ°Á¬àÕ¡‰¥â‚Õ‚´π¡“°¢÷Èπ  ´÷Ëß Õ¥§≈âÕß°—∫
ß“π«‘®—¬∑’Ëºà“π¡“§◊Õ ª√‘¡“≥ yield ∑’Ë‰¥â‡ªìπøíß°å™—π°—∫§à“
§«“¡µà“ß»—°¬å‰øøÑ“∑’ËªÑÕπ„Àâ°—∫¢—È«Õ‘‡≈Á°‚∑√¥ (Francis L.E.
1972; ¬ÿ∑∏π“ ·≈–§≥–, 2541)

4. °“√À“ª√‘¡“≥°√–· ‰øøÑ“∑’Ë‡°‘¥¢÷Èπ√–À«à“ß°“√¥‘ -

™“√å®

®“°°“√»÷°…“°“√–· ‰øøÑ“∑’Ë‡°‘¥¢÷Èπ√–À«à“ß°“√
¥‘ ™“√å®  º≈°“√∑¥≈Õß®“°°“√ÕÕ´‘≈‚≈ ‚§ª∑’Ë§«“¡µà“ß
»—°¬å ·≈–Õ—µ√“°“√‰À≈¢Õß°ä“´ÕÕ°´‘‡®πµà“ßÊ °—π · ¥ß
‰¥â¥—ß„π Figure 4

‡¡◊ËÕ„Àâ§«“¡µà“ß»—°¬å‰øøÑ“‡ªìπ 2 °‘‚≈‚«≈µå ·≈–
Õ—µ√“°“√‰À≈¢Õß°ä“´ÕÕ°´‘‡®π‡ªìπ 2 ·≈– 8 ≈‘µ√/π“∑’
§à“§«“¡µà“ß»—°¬å‰øøÑ“∑’ËÕà“π‰¥â‡ªìπ 10 ¡‘≈≈‘‚«≈µå ·ª≈ß

Figure 4. Current signals during AC high voltage supply at 2 and 3 kVac supply at flow rate
of oxygen 2 and 8 l/min, respectively.



Songklanakarin J. Sci. Technol.

Vol. 29 (Suppl.2)  May 2007: Grad. Res. 372

Electrical discharges on plasma ozonizer system

Tirawanichakul, Y., et al.

‡ªìπ°√–· ‰øøÑ“∑’Ë‡°‘¥√–À«à“ß¥‘ ™“√å® ‚¥¬„™âÕ—µ√“ à«π 5
¡‘≈≈‘‚«≈µåµàÕ 1 ¡‘≈≈‘·Õ¡·ª√å  ¥—ßπ—Èπ°√–· ¥‘ ™“√å®¡’§à“
‡∑à“°—∫ 2 ¡‘≈≈‘·Õ¡·ª√å   °√–· ¥‘ ™“√å®∑’Ë‡°‘¥¢÷Èπ®–¡’
≈—°…≥–§àÕπ¢â“ß§ß∑’Ë

‡¡◊ËÕ‡ª≈’Ë¬π§«“¡µà“ß»—°¬å‡ªìπ 3 °‘‚≈‚«≈µå ·≈–Õ—µ√“
°“√‰À≈¢Õß°ä“´ÕÕ°´‘‡®π‡ªìπ 2 ·≈– 8 ≈‘µ√/π“∑’ §à“
§«“¡µà“ß»—°¬å‰øøÑ“∑’ËÕà“π‰¥â‡ªìπ 14 ¡‘≈≈‘‚«≈µå ∑—Èß ÕßÕ—µ√“
°“√‰À≈ ·ª≈ß‡ªìπ°√–· ‰øøÑ“∑’Ë‡°‘¥√–À«à“ß¥‘ ™“√å® ‚¥¬
„™âÕ—µ√“ à«π 5 ¡‘≈≈‘‚«≈µåµàÕ 1 ¡‘≈≈‘·Õ¡·ª√å ¥—ßπ—Èπ°√–· 
¥‘ ™“√å®¡’§à“‡∑à“°—∫ 2.8 ¡‘≈≈‘·Õ¡·ª√å °√–· ¥‘ ™“√å®∑’Ë‡°‘¥
¢÷Èπ®–¡’≈—°…≥–§àÕπ¢â“ß§ß∑’Ë ‡™àπ‡¥’¬«°—π

5. °“√ª√–¬ÿ°µå„™â‚Õ‚´π„π°“√∫”∫—¥πÈ”‡ ’¬

„π°“√»÷°…“°“√ª√–¬ÿ°µå„™â‚Õ‚´π„π°“√∫”∫—¥πÈ”‡ ’¬
√«¡∑—Èß°“√„™â‚Õ‚´π√à«¡°—∫°“√µ°µ–°Õπ¥â«¬ “√ â¡ „πß“π
«‘®—¬π’È®–∑”°“√«‘‡§√“–Àåµ—«·ª√‡æ◊ËÕ„™â∫Õ°§ÿ≥¿“æ¢ÕßπÈ” §◊Õ
§à“°“√¥Ÿ¥°≈◊π· ß §à“ BOD ·≈–§à“ COD ´÷Ëß„π°“√À“§à“
°“√¥Ÿ¥°≈◊π¢Õß· ß®–µâÕß∑”°“√«‘‡§√“–Àå ‚¥¬„™â§«“¡¬“«
§≈◊Ëπ∑’Ë‡À¡“– ¡  ´÷Ëß§«“¡¬“«§≈◊Ëπ∑’Ë‡À¡“– ¡„π°“√„™â
«‘‡§√“–Àå°“√¥Ÿ¥°≈◊π· ß¢ÕßπÈ” ’¬âÕ¡‡ ◊ËÕ°√–®Ÿ¥¢Õß ’µà“ßÊ
®–·µ°µà“ß°—π‰ª ‚¥¬ ’πÈ”‡ß‘π∑’Ë 590 π“‚π‡¡µ√  ’·¥ß∑’Ë
490 π“‚π‡¡µ√ ·≈– ’™¡æŸ∑’Ë 555 π“‚π‡¡µ√

5.1 °“√∫”∫—¥πÈ” ’¬âÕ¡‡ ◊ËÕ°√–®Ÿ¥¥â«¬‚Õ‚´π

®“°°“√„™â‚Õ‚´π„π°“√∫”∫—¥πÈ” ’¬âÕ¡‡ ◊ËÕ°√–®Ÿ¥
 “¡“√∂· ¥ßº≈°“√∑¥≈Õß‰¥â¥—ß„π Table 1  º≈°“√
∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“ ‚Õ‚´π “¡“√∂∑”„Àâ§«“¡‡¢â¡¢Õß
πÈ”‡ ’¬ ’¬âÕ¡≈¥≈ß ‚¥¬‡ÀÁπ‰¥â®“°§à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß
§à“°“√¥Ÿ¥°≈◊π¢Õß· ßÀ≈—ß°“√∫”∫—¥¥â«¬‚Õ‚´π¢Õß ’¬âÕ¡
 ’™¡æŸ  ’πÈ”‡ß‘π ·≈– ’·¥ß ∑’Ë‡«≈“ 60 π“∑’ ¡’§à“‡ªìπ 44%,
27.98% ·≈–23.01% µ“¡≈”¥—∫ ‡¡◊ËÕ‡∑’¬∫°—∫§«“¡‡¢â¡
‡√‘Ë¡µâπ∑’Ë‰¡à‰¥â∫”∫—¥¥â«¬‚Õ‚´π (∑’Ë‡«≈“¥‘ ™“√å®‡∑à“°—∫»Ÿπ¬å)
‡π◊ËÕß®“°‚Õ‚´π “¡“√∂ÕÕ°´‘‰¥ å “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß
 ’¬âÕ¡ ∑”„Àâ§«“¡‡¢â¡¢Õß ’≈¥≈ß À√◊Õ°≈à“«‰¥â«à“∑”„ÀâπÈ”∑‘Èß
¡’§«“¡‚ª√àß· ß¡“°¢÷Èπ ‚¥¬‡ÀÁπ‰¥â®“°§à“‡ªÕ√å‡´Áπµå°“√≈¥
¢Õß§à“°“√¥Ÿ¥°≈◊π· ßÀ≈—ß°“√∫”∫—¥¥â«¬‚Õ‚´π

πÕ°®“°°“√«—¥§à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“°“√
¥Ÿ¥°≈◊π· ß·≈â«  §à“ BOD ·≈–§à“ COD °Á‡ªìπæ“√“
¡‘‡µÕ√å∑’Ë ”§—≠„π°“√∫Õ°∂÷ß§ÿ≥¿“æπÈ” ®“° Table 1 æ∫

«à“‚Õ‚´π∑”„ÀâπÈ”¡’§ÿ≥¿“æ¥’¢÷Èπ ‚¥¬æ‘®“√≥“®“°§à“ BOD
·≈–§à“ COD ¢ÕßπÈ”‡ ’¬ ’¬âÕ¡ ’™¡æŸ À≈—ßºà“π°“√∫”∫—¥
¥â«¬‚Õ‚´ππ“π 60 π“∑’ ¡’§à“≈¥≈ß 35.96% ·≈– 21.94%
µ“¡≈”¥—∫  ‡¡◊ËÕ‡∑’¬∫°—∫§à“ BOD ·≈– §à“ COD ¢Õß
πÈ”‡ ’¬ ’¬âÕ¡ ’™¡æŸ°àÕπ°“√∫”∫—¥ (∑’Ë‡«≈“¥‘ ™“√å®‡∑à“°—∫
»Ÿπ¬å) ·≈–æ∫≈—°…≥–π’È‡™àπ‡¥’¬«°—π ”À√—∫πÈ” ’¬âÕ¡ ’πÈ”‡ß‘π
·≈– ’·¥ß  §à“ BOD ·≈–§à“ COD À≈—ßºà“π°“√∫”∫—¥
¥â«¬‚Õ‚´π¡’·π«‚πâ¡≈¥≈ß‡π◊ËÕß®“°°“√∑”ªØ‘°‘√‘¬“√–À«à“ß
 “√ª√–°Õ∫‡™‘ß´âÕπ„π ’¬âÕ¡°—∫‰ÕÕÕπ¢ÕßÕÕ°´‘‡®π∑’Ë·µ°
µ—«®“°‚¡‡≈°ÿ≈¢Õß‚Õ‚´π

5.2 °“√∫”∫—¥πÈ” ’¬âÕ¡‡ ◊ËÕ°√–®Ÿ¥‚¥¬°“√µ°

µ–°Õπ¥â«¬ “√ â¡√à«¡°—∫°“√„™â‚Õ‚´π

‡√‘Ë¡®“°°“√À“ª√‘¡“≥¢Õß “√ â¡∑’Ë‡À¡“– ¡
 ”À√—∫„πß“π«‘®—¬π’È º≈∑’Ë‰¥â· ¥ß¥—ß Figure 5  æ∫«à“ ‡¡◊ËÕ
„™â “√ â¡§«“¡‡¢â¡¢âπ 1,000 ¡°./≈‘µ√ „π°“√∫”∫—¥πÈ”‡ ’¬
 ’¬âÕ¡‡ ◊ËÕ°√–®Ÿ¥ ª√‘¡“≥ “√ â¡∑’Ë‡À¡“– ¡„π°“√∑”„Àâ‡°‘¥
°“√µ°µ–°Õπ Ÿß ÿ¥§◊Õ 50 ¡≈. ∑—Èß„π°√≥’ ’™¡æŸ  ’·¥ß
·≈– ’πÈ”‡ß‘π

‡¡◊ËÕ„™â “√ â¡§«“¡‡¢â¡¢âπ 1,000 ¡°./≈‘µ√
ª√‘¡“≥ 50 ¡≈. ∑”°“√∫”∫—¥πÈ”‡ ’¬ ’ ’¬âÕ¡‡ ◊ËÕ°√–®Ÿ¥ ‚¥¬
°“√∑”„Àâ‡°‘¥°“√µ°µ–°Õπ  “¡“√∂· ¥ß§à“‡ªÕ√å‡´Áπµå°“√
≈¥¢Õß§à“°“√¥Ÿ¥°≈◊π¢Õß· ß §à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“
BOD  ·≈–§à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“  COD  °àÕπ·≈–
À≈—ß°“√∫”∫—¥¥—ß„π Table 2

Figure 5. Illustration  of  absorbance  of  three
different dye solutions in alum coagul-
ation concentration
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®“° Table 2 ®–‡ÀÁπ«à“°“√∫”∫—¥πÈ” ’‚¥¬°“√
µ°µ–°Õπ¥â«¬ “√ â¡ “¡“√∂∑”„Àâ§à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß
§à“°“√¥Ÿ¥°≈◊π· ß §à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“ BOD ·≈–
§à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“ COD ¢ÕßπÈ” ’¬âÕ¡ ’™¡æŸ‡ªìπ
47.79%, 29.82% ·≈– 18.88% µ“¡≈”¥—∫  ‡¡◊ËÕ‡∑’¬∫
°—∫°àÕπ°“√∫”∫—¥ ·≈–æ∫≈—°…≥–π’È‡™àπ‡¥’¬«°—π ”À√—∫πÈ”
 ’¬âÕ¡ ’πÈ”‡ß‘π ·≈– ’·¥ß

‡¡◊ËÕ∑¥≈Õß∑”°“√∫”∫—¥πÈ” ’¬âÕ¡‚¥¬°“√µ°
µ–°Õπ¥â«¬ “√ â¡ µ“¡¥â«¬°“√∫”∫—¥¥â«¬‚Õ‚´π  “¡“√∂

· ¥ßº≈∑’Ë‰¥â¥—ß Table 3  √ÿª‰¥â«à“‡¡◊ËÕ∑”°“√∫”∫—¥πÈ”‡ ’¬
 ’¬âÕ¡¥â«¬°“√µ°µ–°Õπ¥â«¬ “√ â¡°àÕπ  ∑”„Àâ°“√∫”∫—¥
¥â«¬‚Õ‚´π “¡“√∂∑”„Àâª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥πÈ” ’¥’¢÷Èπ
‡π◊ËÕß®“°°“√µ°µ–°Õπ¥â«¬ “√ â¡∑”„Àâ “√·¢«π≈Õ¬ À√◊Õ
Õπÿ¿“§¢π“¥„À≠à∫“ß à«π∂Ÿ°°”®—¥‰ª°àÕπ°“√∫”∫—¥¥â«¬
‚Õ‚´π ‡¡◊ËÕµ°µ–°Õπ¥â«¬ “√ â¡ °àÕπ∑”°“√∫”∫—¥¥â«¬
‚Õ‚´ππ“π 60 π“∑’ ®÷ß∑”„Àâ§à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“°“√
¥Ÿ¥°≈◊π· ß ·≈–§à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“ BOD ·≈–
§à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“ COD ¢ÕßπÈ” ’¬âÕ¡ ’™¡æŸ¡’§à“

Table 1. Experimental result of dye wastewater after ozonation

Absorption BOD value COD value
(mg/l) (mg/l)

Bef. Aft. Bef. Aft. Bef. Aft.

Pink 3.157 1.768 114 73 392 306 44% 35.96% 21.94%
Blue 2.098 1.511 158 115 627 539 27.98% 27.22% 14.04%
Red 3.681 2.834 117 82 431 353 23.01% 29.91% 18.09%

Remark: Bef. means reference sample
Aft. means sample after ozonation 60 min.

Sample/
Parameter

Study

Percentage
reduction of
Absorbance

Percentage
reduction of

BOD (%)

Percentage
reduction of

COD (%)

Table 2. Experimental result of dye wastewater after Jar Test

Absorption BOD value COD value
(mg/l) (mg/l)

Bef. Aft. Bef. Aft. Bef. Aft.

Pink 3.157 1.648 114 80 392 318 47.79% 29.82% 18.88%
Blue 2.098 1.732 158 91 627 293 17.45% 42.41% 53.27%
Red 3ˇˇ81 ˇ.104 ˇ ˇ ˇ 38 431 248 15.67% 67.52% 4 2 . 4 ˇ ˇ

ˇˇˇˇrk: Bef. means reference sample
Aft. means sample after ozonation 60 min.

Sample/
Parameter

Study

Percentage
reduction of
Absorbance

Percentage
reduction of

BOD (%)

Percentage
reduction of

COD (%)

Table 3. Experimental result of dye wastewater after Jar Test and ozonation

Absorption BOD value COD value
(mg/l) (mg/l)

Bef. Aft. Bef. Aft. Bef. Aft.

Pink 3.157 1.105 114 62 392 243 64.99% 45.61% 38.01%
Blue 2.098 1.154 158 30 627 218 45% 81.02% 65.23%
Red 3.681 2.088 117 21 431 223 43.27% 82.05% 48.26%

Remark: Bef. means reference sample
Aft. means sample after ozonation 60 min and coagulation

Sample/
Parameter

Study

Percentage
reduction of
Absorbance

Percentage
reduction of

BOD (%)

Percentage
reduction of

COD (%)
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‡ªìπ 64.99%, 45.61% ·≈– 38.01% µ“¡≈”¥—∫ ‡¡◊ËÕ
‡∑’¬∫°—∫°àÕπ°“√∫”∫—¥ ·≈–æ∫≈—°…≥–‡™àπ‡¥’¬«°—π ”À√—∫
 ’¬âÕ¡ ’πÈ”‡ß‘π·≈– ’·¥ß

5.3 °“√∫”∫—¥πÈ” ’¬âÕ¡‡ ◊ËÕ°√–®Ÿ¥‚¥¬°“√¥Ÿ¥´—∫

¥â«¬∂à“π¥Ÿ¥´—∫√à«¡°—∫°“√„™â‚Õ‚´π

º≈®“°°“√»÷°…“Õ‘∑∏‘æ≈¢Õßª√‘¡“≥∂à“π·≈–
‡«≈“ —¡º— ∑’Ë¡’º≈µàÕª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’¬âÕ¡·µà≈–
™π‘¥· ¥ß¥—ß Figure 6, 7 ·≈– 8  æ∫«à“ª√– ‘∑∏‘¿“æ°“√
°”®—¥ ’¬âÕ¡‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥∂à“π¥Ÿ¥´—∫ ‚¥¬‡¡◊ËÕ„™â
ª√‘¡“≥∂à“π 10 °√—¡/≈‘µ√ ®–æ∫«à“πÈ” ’¬âÕ¡‡ ◊ËÕ°√–®Ÿ¥®–
‡¢â“ Ÿà ¡¥ÿ≈‡¡◊ËÕ‡«≈“ºà“π‰ª 120 π“∑’ ·≈–§à“ª√– ‘∑∏‘¿“æ
„π°“√°”®—¥ ’¬âÕ¡∑’Ë®ÿ¥ ¡¥ÿ≈‡ªìπ 50% ·≈–‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥
∂à“π‡ªìπ 20, 30 °√—¡/≈‘µ√ ‡¢â“ Ÿà ¡¥ÿ≈‡¡◊ËÕ‡«≈“ºà“π‰ª 90
π“∑’ ‚¥¬§à“ª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’¡’§à“‡ªìπ 61% ·≈–
74% µ“¡≈”¥—∫

®“° Figure 7 æ∫«à“ ª√– ‘∑∏‘¿“æ°“√°”®—¥
 ’¬âÕ¡‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥∂à“π ‚¥¬‡¡◊ËÕ„™âª√‘¡“≥∂à“π
10 °√—¡/≈‘µ√  ‡¢â“ Ÿà ¡¥ÿ≈‡¡◊ËÕ‡«≈“ºà“π‰ª 120 π“∑’  §à“
ª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’¬âÕ¡∑’Ë®ÿ¥ ¡¥ÿ≈‡ªìπ 22% ·≈–
‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥∂à“π‡ªìπ 20, 30 °√—¡/≈‘µ√ ‡¢â“ Ÿà ¡¥ÿ≈‡¡◊ËÕ
‡«≈“ºà“π‰ª 90 π“∑’  ‚¥¬§à“ª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’¡’
§à“‡ªìπ 25% ·≈– 29% µ“¡≈”¥—∫

®“° Figure 8 æ∫«à“ª√– ‘∑∏‘¿“æ°“√°”®—¥
 ’¬âÕ¡‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥∂à“π  ‚¥¬‡¡◊ËÕ„™âª√‘¡“≥∂à“π
10 °√—¡/≈‘µ√ ‡¢â“ Ÿà ¡¥ÿ≈‡¡◊ËÕ‡«≈“ºà“π‰ª 120 π“∑’ §à“
ª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’¬âÕ¡∑’Ë®ÿ¥ ¡¥ÿ≈‡ªìπ 27% ·≈–
‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥∂à“π‡ªìπ 20, 30 °√—¡/≈‘µ√ ‡¢â“ Ÿà ¡¥ÿ≈‡¡◊ËÕ
‡«≈“ºà“π‰ª 90 π“∑’  ‚¥¬§à“ª√– ‘∑∏‘¿“æ„π°“√°”®—¥ ’¡’
§à“‡ªìπ 32% ·≈– 37% µ“¡≈”¥—∫

 ”À√—∫°“√‡æ‘Ë¡ª√‘¡“≥ “√¥Ÿ¥´—∫∑”„Àâ§«“¡
Àπ“·πàπ¢Õß “√∂Ÿ°¥Ÿ¥´—∫∫π “√¥Ÿ¥´—∫πâÕ¬≈ß ‡π◊ËÕß®“°
æ◊Èπ∑’Ëº‘«¢Õß “√¥Ÿ¥´—∫¬—ß§ß¥Ÿ¥´—∫‰¡àÕ‘Ë¡µ—«„π√–À«à“ß°“√
‡°‘¥ªØ‘°‘√‘¬“  ·≈–∑’Ëª√– ‘∑∏‘¿“æ°“√°”®—¥‡æ‘Ë¡¢÷Èππ—Èπ‡π◊ËÕß
®“°¡’°“√‡æ‘Ë¡æ◊Èπ∑’Ëº‘«®÷ß∑”„Àâ¡’°“√¥Ÿ¥´—∫ “√‰¥â‡æ‘Ë¡¢÷Èπ ‚¥¬
„π¢≥–∑’Ë°√–∫«π°“√°“√¥Ÿ¥´—∫¥”‡π‘π‰ª µ—«∂Ÿ°≈–≈“¬∑’Ë∂Ÿ°
¥Ÿ¥´—∫¡’·π«‚πâ¡∑’Ë®–À≈ÿ¥ÕÕ°¡“ Ÿà “√≈–≈“¬ ‡¡◊ËÕÕ—µ√“°“√
¥Ÿ¥´—∫·≈–Õ—µ√“°“√§“¬ “√ÕÕ°‡¢â“ Ÿà ¿“«– ¡¥ÿ≈ ‡√’¬°«à“
 ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫  ∑’Ë®ÿ¥ ¡¥ÿ≈®–‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß

Figure 6. Percentage of color removal of pink dyed
wastewater at various discharge time

Figure 7. Percentage of color removal of red dyed
wastewater at various discharge time

Figure 8. Percentage of color removal of blue dyed
wastewater at various discharge time

§«“¡‡¢â¡¢âπ¢Õßµ—«∂Ÿ°≈–≈“¬∫πº‘«¢Õß “√¥Ÿ¥´—∫
®“° Table 4 ®–æ∫«à“°“√∫”∫—¥πÈ” ’‚¥¬°“√
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¥Ÿ¥´—∫¥â«¬∂à“π¥Ÿ¥´—∫¡’º≈µàÕ°“√∫”∫—¥πÈ” ’¬âÕ¡  ‚¥¬§à“
‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“°“√¥Ÿ¥°≈◊π· ß §à“‡ªÕ√å‡´Áπµå°“√
≈¥¢Õß§à“ BOD ·≈–§à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“ COD
¢Õß ’¬âÕ¡ ’™¡æŸ‡ªìπ 57.62%, 89.47% ·≈– 74.75%
µ“¡≈”¥—∫  ‡¡◊ËÕ‡∑’¬∫°—∫°àÕπ°“√∫”∫—¥ ·≈–æ∫≈—°…≥–π’È
‡™àπ‡¥’¬«°—π ”À√—∫πÈ” ’¬âÕ¡ ’πÈ”‡ß‘π·≈– ’·¥ß ‡¡◊ËÕ∑¥≈Õß
∑”°“√∫”∫—¥πÈ” ’¬âÕ¡‚¥¬¥Ÿ¥´—∫¥â«¬∂à“π¥Ÿ¥´—∫µ“¡¥â«¬°“√
∫”∫—¥¥â«¬‚Õ‚´π  “¡“√∂· ¥ßº≈∑’Ë‰¥â¥—ß Table 5

‡¡◊ËÕ∑”°“√∫”∫—¥πÈ”‡ ’¬ ’¬âÕ¡¥â«¬°“√¥Ÿ¥´—∫¥â«¬
∂à“π¥Ÿ¥´—∫°àÕπ°“√„™â‚Õ‚´π„π°“√ÕÕ°´‘‰¥´å æ∫«à“∑”„Àâ
°“√∫”∫—¥¥â«¬‚Õ‚´π¡’ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥¡“°¢÷Èπ ¥—ß
Table 5 ‚¥¬¥Ÿ‰¥â®“°§à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“°“√¥Ÿ¥°≈◊π
· ß, §à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“ BOD ·≈–§à“‡ªÕ√å‡´Áπµå
°“√≈¥¢Õß§à“ COD ∑’Ë‡æ‘Ë¡¢÷Èπ  ∑—Èßπ’Èπà“®–¡’‡Àµÿº≈¡“®“°
‚¡‡≈°ÿ≈¢Õß ’∑’Ë¡’≈—°…≥–‡ªìπ¢—È«∑“ß‰øøÑ“ ‡°‘¥°“√¥÷ß¥Ÿ¥°—∫
ª√–®ÿ∑“ß‰øøÑ“¢Õß “√¥Ÿ¥´—∫ ∑”„Àâ‚§√ß √â“ß∫“ß à«π¢Õß ’
¬âÕ¡‡ª≈’Ë¬π‰ª°àÕπ°“√∫”∫—¥¥â«¬‚Õ‚´π ∑”„Àâ§à“‡ªÕ√å‡´Áπµå
°“√≈¥¢Õß§à“°“√¥Ÿ¥°≈◊π· ß, §à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“
BOD ·≈–§à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“ COD ‡æ‘Ë¡¢÷Èπ®“°

°√≥’°“√„™â∂à“π¥Ÿ¥´—∫‡æ’¬ßÕ¬à“ß‡¥’¬«
¥—ßπ—Èπ‡æ◊ËÕ„Àâ‡ÀÁπº≈™—¥‡®π«à“°√–∫«π°“√∫”∫—¥

·∫∫„¥∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß ®÷ßπ”º≈°“√∑¥≈Õß∑—Èß “¡µÕπ
¡“ √â“ß°√“ø‡ª√’¬∫‡∑’¬∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡ªÕ√å‡´Áπµå
°“√≈¥¢Õß§à“°“√¥Ÿ¥°≈◊π· ß  §à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“
BOD ·≈–§à“‡ªÕ√å‡´Áπµå°“√≈¥¢Õß§à“ COD

‡¡◊ËÕπ”º≈∑’Ë‰¥â®“°°“√∫”∫—¥πÈ” ’¥â«¬°“√„™â‚Õ‚´π
‡æ’¬ßÕ¬à“ß‡¥’¬« º≈∑’Ë‰¥â®“°°“√∫”∫—¥πÈ” ’¥â«¬°“√µ°µ–°Õπ
¥â«¬ “√ â¡√à«¡°—∫°“√„™â‚Õ‚´π  ·≈–º≈∑’Ë‰¥â®“°°“√∫”∫—¥
πÈ” ’¥â«¬°“√¥Ÿ¥´—∫¥â«¬∂à“π¥Ÿ¥´—∫√à«¡°—∫°“√„™â‚Õ‚´π ¡“
‡ª√’¬∫‡∑’¬∫°—π ®–‰¥â¥—ß Figure 9, 10 ·≈– 11

º≈®“°°“√‡ª√’¬∫‡∑’¬∫§à“‡ªÕ√å‡´Áπµå°“√¥Ÿ¥°≈◊π
· ß¢ÕßπÈ”‡ ’¬ ’¬âÕ¡ ’™¡æŸ ‚¥¬°“√∫”∫—¥πÈ”‡ ’¬ ’¬âÕ¡¥â«¬
«‘∏’µà“ßÊ  ¥—ß Figure 9  ®–æ∫«à“«‘∏’°“√∫”∫—¥‚¥¬°“√„™â
‚Õ‚´π√à«¡°—∫°“√¥Ÿ¥´—∫¥â«¬∂à“π¥Ÿ¥´—∫  “¡“√∂∑”„Àâ§«“¡
‡¢â¡¢Õß ’πÈ”‡ ’¬ ’¬âÕ¡ ’™¡æŸ≈¥≈ß¡“°°«à“«‘∏’°“√„™â‚Õ‚´π
À√◊Õ«‘∏’°“√„™â‚Õ‚´π√à«¡°—∫°“√µ°µ–°Õπ¥â«¬ “√ â¡ ‚¥¬
‡ÀÁπ‰¥â®“°§à“‡ªÕ√å‡´Áπµå°“√¥Ÿ¥°≈◊π¢Õß· ßÀ≈—ß°“√∫”∫—¥
¥â«¬‚Õ‚´π∑’Ë‡«≈“ 60 π“∑’  ¡’§à“≈¥≈ß‡À≈◊Õ 10%, 56%

Table 4. Experimental result of dye wastewater after adsorption

Absorption BOD value COD value
(mg/l) (mg/l)

Bef. Aft. Bef. Aft. Bef. Aft.

Pink 3.157 1.338 114 12 392 99 57.62% 89.47% 74.75%
Blue 2.098 1.348 158 17 627 241 35.75% 89.24% 61.56%
Red 3.681 2.637 117 26 431 227 28.36% 77.78% 47.33%

Remark: Bef. means reference sample
Aft. means sample after adsorption with activated carbon

Table 5. Experimental result of dye wastewater after adsorption and ozonation

Absorption BOD value COD value
(mg/l) (mg/l)

Bef. Aft. Bef. Aft. Bef. Aft.

Pink 3.157 0.019 114 5 392 57 99.39% 95.61% 85.46%
Blue 2.098 0.123 158 8 627 175 94.14% 94.94% 72.08%
Red 3.681 0.311 117 7 431 179 91.58% 94.02% 58.47%

Remark: Bef. means reference sample
Aft. means sample after ozonation 60 min and adsorption
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·≈– 35% µ“¡≈”¥—∫  ‡¡◊ËÕ‡∑’¬∫°—∫§«“¡‡¢â¡‡√‘Ë¡µâπ¢Õß
πÈ”‡ ’¬ ’¬âÕ¡∑’Ë‰¡à‰¥â∫”∫—¥¥â«¬«‘∏’°“√µà“ßÊ ·≈–æ∫≈—°…≥–
‡™àπ‡¥’¬«°—ππ’È„ππÈ”‡ ’¬ ’¬âÕ¡ ’·¥ß·≈– ’πÈ”‡ß‘π

º≈®“°°“√‡ª√’¬∫‡∑’¬∫§à“‡ªÕ√å‡´Áπµå§à“ BOD
¢ÕßπÈ”‡ ’¬ ’¬âÕ¡ ’™¡æŸ  ‚¥¬°“√∫”∫—¥πÈ”‡ ’¬ ’¬âÕ¡¥â«¬«‘∏’
µà“ßÊ ¥—ß Figure 10 æ∫«à“«‘∏’°“√∫”∫—¥‚¥¬°“√„™â‚Õ‚´π
√à«¡°—∫°“√¥Ÿ¥´—∫¥â«¬∂à“π¥Ÿ¥´—∫   “¡“√∂∑”„Àâ§à“ BOD
¢Õß ’πÈ”‡ ’¬ ’¬âÕ¡ ’™¡æŸ≈¥≈ß¡“°°«à“«‘∏’°“√„™â‚Õ‚´πÕ¬à“ß
‡¥’¬« À√◊Õ«‘∏’°“√„™â‚Õ‚´π√à«¡°—∫°“√µ°µ–°Õπ¥â«¬ “√ â¡
‚¥¬‡ÀÁπ‰¥â®“°§à“‡ªÕ√å‡´Áπµå§à“ BOD À≈—ß°“√∫”∫—¥¥â«¬
‚Õ‚´π∑’Ë‡«≈“ 60 π“∑’ ¡’§à“≈¥≈ß‡À≈◊Õ 46%, 64% ·≈–
54% µ“¡≈”¥—∫ ‡¡◊ËÕ‡∑’¬∫°—∫§à“ BOD ‡√‘Ë¡µâπ¢ÕßπÈ”‡ ’¬
 ’¬âÕ¡∑’Ë‰¡à‰¥â∫”∫—¥¥â«¬«‘∏’°“√„¥Ê

º≈®“°°“√‡ª√’¬∫‡∑’¬∫§à“‡ªÕ√å‡´Áπµå§à“ COD
¢ÕßπÈ”‡ ’¬ ’¬âÕ¡ ’™¡æŸ ‚¥¬°“√∫”∫—¥πÈ”‡ ’¬ ’¬âÕ¡¥â«¬«‘∏’
µà“ßÊ ¥—ß„π Figure 11 æ∫«à“«‘∏’°“√∫”∫—¥‚¥¬°“√„™â‚Õ‚´π
√à«¡°—∫°“√¥Ÿ¥´—∫¥â«¬∂à“π¥Ÿ¥´—∫   “¡“√∂∑”„Àâ§à“ COD
¢Õß ’πÈ”‡ ’¬ ’¬âÕ¡ ’™¡æŸ≈¥≈ß¡“°°«à“«‘∏’°“√„™â‚Õ‚´π À√◊Õ
°“√„™â‚Õ‚´π√à«¡°—∫«‘∏’°“√µ°µ–°Õπ¥â«¬ “√ â¡ ‚¥¬‡ÀÁπ‰¥â
®“°§à“‡ªÕ√å‡´Áπµå§à“ COD À≈—ß°“√∫”∫—¥¥â«¬‚Õ‚´π∑’Ë‡«≈“
60 π“∑’ ¡’§à“≈¥≈ß‡À≈◊Õ 27%, 78% ·≈– 62% µ“¡≈”¥—∫
‡¡◊ËÕ‡∑’¬∫°—∫§à“ COD ‡√‘Ë¡µâπ¢ÕßπÈ”‡ ’¬ ’¬âÕ¡∑’Ë‰¡à‰¥â∫”∫—¥
¥â«¬«‘∏’„¥Ê

6. °“√»÷°…“‚§√ß √â“ß¢ÕßÕπÿ¿“§ ’¬âÕ¡‡ ◊ËÕ°√–®Ÿ¥À≈—ß

°“√∫”∫—¥¥â«¬‚Õ‚´π

®“°°“√»÷°…“‚§√ß √â“ß ’¬âÕ¡‡ ◊ËÕ°√–®Ÿ¥¥â«¬‡§√◊ËÕß
FTIR ‰¥âº≈¥—ß„π Figure12 ®–æ∫«à“¡’æ’§µà“ßÊ ¡“°¡“¬
‡¡◊ËÕ·ª≈ßæ’§∑’Ëª√“°Ø‡¥àπ™—¥„Àâ‡ªìπÀ¡Ÿàøíß°å™—π “¡“√∂· ¥ß
‰¥â¥—ß Table 6

®“° Table 6 æ∫«à“  ’™¡æŸ∑—Èß°àÕπ·≈–À≈—ß°“√
∫”∫—¥ª√–°Õ∫¥â«¬À¡Ÿàøíß°å™—π °≈ÿà¡·Õ≈°ŒÕ≈å (À¡Ÿà OH )
°≈ÿà¡∑’Ë¡’≈—°…≥–«ß·À«πÕ–‚√¡“µ‘° (À¡Ÿà -C=C-) ·≈–
 “√ª√–°Õ∫§≈Õ‰√¥å (C-Cl)  ”À√—∫À¡Ÿàøíß°å™—π∑’Ëµà“ß°—π
√–À«à“ß ’™¡æŸ°àÕπ°“√∫”∫—¥·≈–À≈—ß°“√∫”∫—¥ §◊Õ  ’™¡æŸ
°àÕπ°“√∫”∫—¥®–ª√–°Õ∫¥â«¬°≈ÿà¡‡¡∏‘≈ (methyl group,
CH3) ·≈–°≈ÿà¡§“√å∫Õ°´‘≈‡≈µ (carboxylate, C=O) „π
¢≥–∑’Ë ’™¡æŸÀ≈—ß°“√∫”∫—¥®–‰¡à¡’°≈ÿà¡øíß°å™—π‡À≈à“π’È πÕ°

Figure 9. Percentage of absorbance reduced of
pink dye wastewater at various treat-
ment processes

Figure 10. Percentage of BOD reduced of pink
dye wastewater at various treatment
processes

Figure 11. Percentage of COD reduced of pink
dye wastewater at various treatment
processes
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Figure 12.  Spectrograph of pink dye wastewater before (blue line) and after (red line) ozonation

®“°π’È®–æ∫«à“æ’§‡≈Á°Ê ®”π«π¡“°„π™à«ß ‡≈¢§≈◊Ëπ 1600
∂÷ß 1300 æ’§‡À≈à“π’È®–À“¬‰ªÀ≈—ß°“√∫”∫—¥¥â«¬‚Õ‚´π
· ¥ß«à“‚§√ß √â“ß¢Õß ’¬âÕ¡¡’°“√‡ª≈’Ë¬π·ª≈ß‰ª‚¥¬∑’Ë
‚Õ‚´π‡¢â“‰ª∑”≈“¬æ—π∏–∫“ß à«π∑”„Àâ‚§√ß √â“ß¢Õß ’¬âÕ¡
®“°‡¥‘¡∑’Ë¡’¢π“¥„À≠à¬“°·°à°“√¬àÕ¬ ≈“¬ ¡’¢π“¥‡≈Á°≈ß
∑’Ë “¡“√∂¬àÕ¬ ≈“¬‰¥âµ“¡∏√√¡™“µ‘ À√◊Õ‚¥¬°√–∫«π°“√
∫”∫—¥Õ◊ËπÊ µàÕ‰ª

 √ÿªº≈°“√∑¥≈Õß

 “¡“√∂ √ÿª·∫àß‡ªìπ¢âÕÊ µ“¡º≈·≈–°“√«‘‡§√“–Àå
‰¥â¥—ßπ’È

1. ª√‘¡“≥§«“¡‡¢â¡¢âπ‚Õ‚´π®–‰¡à‡ªìπ —¥ à«π‚¥¬
µ√ß°—∫Õ—µ√“°“√‰À≈¢Õß°ä“´ÕÕ°´‘‡®π  ·µà®–¡’§à“ Ÿß ÿ¥∑’Ë
Õ—µ√“°“√‰À≈ 8 ≈‘µ√/π“∑’ ∑’Ë 10 °‘‚≈‚«≈µå ‚¥¬ “¡“√∂
º≈‘µ‚Õ‚´π‰¥â∑’Ë§«“¡‡¢â¡¢âπ 80 ¡°./≈‘µ√

2. §«“¡µà“ß»—°¬å‰øøÑ“∑’Ë„Àâ°—∫‡§√◊ËÕß°”‡π‘¥‚Õ‚´π
¡’º≈µàÕ°“√º≈‘µª√‘¡“≥‚Õ‚´π  ‚¥¬¡’§«“¡ —¡æ—π∏å°—π„π
≈—°…≥–‰¡à‡™‘ß‡ âπ ·≈–ª√‘¡“≥§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π‡ªìπ
øíß°™—π·∫∫ ¡°“√‡Õ°´å‚ª‡ππ‡™’¬≈¢Õß‡«≈“¥‘ ™“√å®‰øøÑ“

3. °√–· ¥‘ ™“√å®∑’Ë‡°‘¥¢÷Èπ¡’§à“§ß∑’Ë∑’Ë§«“¡µà“ß»—°¬å
‡¥’¬«°—π  Õ¬Ÿà„π√–¥—∫¡‘≈≈‘·Õ¡ªá  ·≈–‡°‘¥„π™à«ß‡«≈“ —Èπ
√–¥—∫¡‘≈≈‘«‘π“∑’

4. °“√ª√–¬ÿ°µå„™â‚Õ‚´π„π°“√∫”∫—¥πÈ” ’¬âÕ¡‡ ◊ËÕ

Table 6. Function group of pink dye before and after treated
by ozonation

       Before treated by ozone      After treated by ozone

Wavenumber function group Wavenumber function group

3500-3250 OH 3500-3250 OH
1950-1600 C = O 1950-1600 C = O
1380-1310 CH

3
1280-1150 C - O

1280-1150 C - O 760-510 C - Cl
760-510 C - Cl
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