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Abstract
Bunyakan, C.1, Danteravanich, S.2, Chungsiriporn, J.1, Intamanee, J.1, and Sritapong, S.1

Ammonia removal from water: The comparison between using

the wind speed and agitation method
Songklanakarin J. Sci. Technol., 2005, 27(1) : 65-77

Ammonia removal from skim latex is an essential step in skim block production process. In general,

skim latex contains about 0.4% ammonia by weight of skim latex and needs to be reduced in order to

minimize acid usage during rubber coagulation step. The method used to remove ammonia from skim latex

in many concentrated rubber latex plants is ammonia volatilization by agitating skim latex using a large

agitator in a mixing pool. In this research, a new method to remove ammonia from water by blowing wind

over the water surface was investigated. The effects of agitation speed and wind speed on overall mass
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Ammonia removal from water
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transfer coefficient and removal rate of ammonia were investigated in a pilot scale experiment. The result

has shown that the overall mass transfer coefficient and the ammonia removal rate increase linearly with

increasing Reynolds number of air and liquid. However, the ammonia removal rate by using wind speed was

much higher than that given by agitation method. The wind speed method proposed in this study is then

recommended for ammonia removal from skim latex. Possible ways for applying the wind speed method for

skim latex production plant are also suggested. The relationship between the wind speed or Reynolds number

and the mass transfer coefficient can also be used to design the system for ammonia removal from water by

using wind speed.

Key words : ammonia, volatilization, mass transfer coefficient, skim latex, ammonia removal
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°“√°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°À“ßπÈ”¬“ß‡ªìπ¢—ÈπµÕπ∑’Ë ”§—≠„π°√–∫«π°“√º≈‘µ¬“ß °‘¡  ‚¥¬∑—Ë«‰ª„πÀ“ß

πÈ”¬“ß´÷Ëß„™â‡ªìπ«—µ∂ÿ¥‘∫„π°“√º≈‘µ¬“ß °‘¡ ®–¡’·Õ¡‚¡‡π’¬ªπ‡ªóôÕπÕ¬Ÿàª√–¡“≥√âÕ¬≈– 0.4 ‚¥¬πÈ”Àπ—°¢ÕßÀ“ß

πÈ”¬“ß·≈–µâÕß°”®—¥·Õ¡‚¡‡π’¬ÕÕ°‰ª„Àâ‡À≈◊ÕπâÕ¬∑’Ë ÿ¥°àÕπ∑’Ë®–∑”°“√®—∫µ—«‡π◊ÈÕ¬“ß¥â«¬°√¥ ‡æ◊ËÕª√–À¬—¥ª√‘¡“≥

°√¥∑’Ë„™â «‘∏’°“√°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°À“ßπÈ”¬“ß∑’Ë„™â°—π∑—Ë«‰ª«‘∏’Àπ÷Ëß§◊Õ°“√°«πÀ“ßπÈ”¬“ß¥â«¬„∫°«π ß“π«‘®—¬π’È

π”‡ πÕ·π«∑“ß„À¡à„π°“√°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°À“ßπÈ”¬“ß‚¥¬°“√„™â≈¡‡ªÉ“∫πº‘«πÈ” ®“°°“√»÷°…“º≈¢Õß°“√

„™â≈¡‡ªÉ“·≈–º≈¢Õß°“√°«πµàÕ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡·≈–Õ—µ√“°“√°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”„π™ÿ¥∑¥≈Õß

¢π“¥µâπ·∫∫ æ∫«à“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬·≈–Õ—µ√“°“√°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”·ª√º—π

µ√ß°—∫µ—«‡≈¢‡√‚π≈¥å„π∑—Èß Õß√–∫∫∑’Ë»÷°…“ ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“ K
OL
a ∑’Ë«—¥‰¥â®“°∑—Èß Õß«‘∏’„π™à«ß¢Õß§«“¡‡√Á«

≈¡·≈–™à«ß¢Õß§«“¡‡√Á«√Õ∫„π°“√°«π∑’Ë»÷°…“ æ∫«à“°“√„™â≈¡‡ªÉ“„Àâ§à“ K
OL
a  Ÿß°«à“«‘∏’°“√°«πÕ¬à“ß¡’π—¬ ”§—≠

µ≈Õ¥™à«ß¢Õß§«“¡‡√Á«≈¡·≈–§«“¡‡√Á«√Õ∫∑’Ë»÷°…“ ®“°°“√»÷°…“π’È “¡“√∂ √ÿª‰¥â«à“°“√„™â≈¡‡ªÉ“‡ªìπ«‘∏’°“√∑’Ë°”®—¥

·Õ¡‚¡‡π’¬ÕÕ°®“°πÈ”‰¥â¥’°«à“«‘∏’°“√°«π ®÷ß “¡“√∂π”‰ªª√–¬ÿ°µå„™â‡æ◊ËÕ°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°À“ßπÈ”¬“ß·∑π

«‘∏’°“√°«π‰¥â ·π«∑“ß°“√ª√–¬ÿ°µå„™â«‘∏’°“√¥—ß°≈à“«‰¥âÕ¿‘ª√“¬‰«â„π∫∑§«“¡π’È πÕ°®“°π’È·≈â«§«“¡ —¡æ—π∏å√–À«à“ß

 —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬°—∫§«“¡‡√Á«≈¡À√◊Õµ—«‡≈¢‡√‚π≈¥å∑’Ë‰¥â®“°°“√»÷°…“π’È ¬—ß “¡“√∂„™â

À“Õ—µ√“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”‡π◊ËÕß®“°º≈¢Õß§«“¡‡√Á«≈¡‰¥â ·≈– “¡“√∂„™â‡ªìπ¢âÕ¡Ÿ≈„π°“√ÕÕ°·∫∫

√–∫∫°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”‚¥¬„™â°√–· ≈¡‰¥âÕ’°¥â«¬

¬“ß °‘¡‡ªìπº≈‘µ¿—≥±åæ≈Õ¬‰¥â∑’Ë ”§—≠¢Õß‚√ßß“π
º≈‘µπÈ”¬“ß¢âπ „π°“√º≈‘µπÈ”¬“ß¢âπ®“°πÈ”¬“ß ¥ 100 µ—π
®–‰¥âπÈ”¬“ß¢âπ 60%  ®”π«π 40 µ—π  ·≈–À“ßπÈ”¬“ß
®”π«π 60 µ—π ‡¡◊ËÕπ”À“ßπÈ”¬“ß¥—ß°≈à“«‰ªº≈‘µ‡ªìπ¬“ß
 °‘¡®–‰¥â¬“ß °‘¡ª√–¡“≥ 4% ¢ÕßÀ“ßπÈ”¬“ß ¥—ßπ—Èπ°“√
„™âπÈ”¬“ß ¥ 100 µ—π„π°“√º≈‘µπÈ”¬“ß¢âπ®–‰¥â¬“ß °‘¡
ª√–¡“≥ 2.4 µ—π ( ¡∑‘æ¬å ·≈–§≥–, 2545)  °“√º≈‘µ

¬“ß °‘¡∑”‚¥¬°“√π”À“ßπÈ”¬“ß∑’Ë‰¥â®“°¢—ÈπµÕπ°“√º≈‘µ
πÈ”¬“ß¢âπ¡“ºà“π°√–∫«π°“√°”®—¥·Õ¡‚¡‡π’¬ ®“°π—Èπ®÷ß
π”‰ª®—∫µ—«¥â«¬°√¥„π∫àÕ®—∫µ—« ∑”°“√‡°Á∫‡π◊ÈÕ¬“ß®“°
∫àÕ®—∫µ—«·≈–π”‡π◊ÈÕ¬“ß‰ª√’¥‡æ◊ËÕ°”®—¥πÈ”ÕÕ° °àÕππ”¡“
µ—¥©’°„Àâ‡ªìπ™‘Èπ‡≈Á°Ê ·≈â«π”‰ªÕ∫·Àâß·≈–Õ—¥°âÕπ„Àâ‰¥â
πÈ”Àπ—°µ“¡µâÕß°“√°àÕπ∫√√®ÿ·≈– àßÕÕ°®”Àπà“¬µàÕ‰ª
¢—ÈπµÕπ°“√°”®—¥·Õ¡‚¡‡π’¬®“°À“ßπÈ”¬“ß®—¥‡ªìπ¢—ÈπµÕπ
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∑’Ë ”§—≠∑’Ë®–µâÕß≈¥·Õ¡‚¡‡π’¬„Àâ‡À≈◊ÕπâÕ¬∑’Ë ÿ¥ ‡æ◊ËÕ≈¥
ª√‘¡“≥°√¥∑’Ë„™â„π°“√®—∫µ—«´÷Ëß∂◊Õ‰¥â«à“‡ªìπµâπ∑ÿπÀ≈—°∑’Ë
 ”§—≠„π°“√º≈‘µ¬“ß °‘¡ ª√‘¡“≥¢Õß°√¥∑’Ë„™â®–¢÷ÈπÕ¬Ÿà
°—∫§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬∑’Ë‡À≈◊ÕÕ¬Ÿà„πÀ“ßπÈ”¬“ß
®“°°“√»÷°…“‚¥¬ °—≈¬“ ·≈–§≥– (Õâ“ß‚¥¬ §≥‘µµ“ ·≈–
Õ¿‘≈—°…≥å, 2544) æ∫«à“∑’Ë§«“¡‡¢â¡¢âπ·Õ¡‚¡‡π’¬„πÀ“ß
πÈ”¬“ß‡∑à“°—∫ 0.4% ‚¥¬πÈ”Àπ—°¢ÕßÀ“ßπÈ”¬“ß ®–µâÕß„™â
°√¥´—≈øŸ√‘°‡∑à“°—∫ 243 °°./µ—π¢Õß¬“ß °‘¡·Àâß  ·≈–
∑’Ë§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„πÀ“ßπÈ”¬“ß‡∑à“°—∫ 0.1%

‚¥¬πÈ”Àπ—°¢ÕßÀ“ßπÈ”¬“ß ®–„™â°√¥´—≈øŸ√‘°‡æ’¬ß 61 °°./
µ—π¢Õß¬“ß °‘¡·Àâß   ¥—ßπ—Èπ∂â“ “¡“√∂≈¥ª√‘¡“≥¢Õß
·Õ¡‚¡‡π’¬≈ß®“° 0.4% ‚¥¬πÈ”Àπ—°¢ÕßÀ“ßπÈ”¬“ß‡ªìπ
0.1%  ‚¥¬πÈ”Àπ—°¢ÕßÀ“ßπÈ”¬“ß ®– “¡“√∂≈¥°“√„™â
°√¥‰¥â 182 °‘‚≈°√—¡/µ—π¢Õß¬“ß °‘¡·Àâß ‚¥¬§à“°√¥∑’Ë„™â
ª√–¡“≥ 3 ∫“∑/°‘‚≈°√—¡   ¥—ßπ—Èπ°“√≈¥·Õ¡‚¡‡π’¬„π
πÈ”¬“ß °‘¡®“° 0.4% ‚¥¬πÈ”Àπ—°¢ÕßÀ“ßπÈ”¬“ß‡ªìπ 0.1%

‚¥¬πÈ”Àπ—°¢ÕßÀ“ßπÈ”¬“ß ®– “¡“√∂≈¥§à“„™â®à“¬‰¥â
ª√–¡“≥ 546 ∫“∑/µ—π¢Õß¬“ß °‘¡·Àâß  ”À√—∫‚√ßß“π∑’Ë
¡’°”≈—ß°“√º≈‘µ 100 µ—ππÈ”¬“ß ¥/«—π ®–„Àâº≈º≈‘µ¬“ß
 °‘¡·Àâß‡∑à“°—∫ 2.4 µ—π/«—π °Á®– “¡“√∂≈¥§à“„™â®à“¬„π
°“√´◊ÈÕ°√¥‰ªª√–¡“≥ 1,310 ∫“∑/«—π ¥—ßπ—Èπ∂â“„π 1 ªï
‚√ßß“π∑”ß“πª√–¡“≥ 200 «—π°Á®–ª√–À¬—¥§à“°√¥‰¥â
ª√–¡“≥ 262,000 ∫“∑/ªï

¥—ßπ—Èπ‚√ßß“π∑’Ë¡’°“√º≈‘µ¬“ß °‘¡®÷ß„Àâ§«“¡ π„®
¢—ÈπµÕπ¢Õß°“√°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°À“ßπÈ”¬“ß‡ªìπ
Õ¬à“ß¡“° ‚¥¬æ¬“¬“¡„™â«‘∏’°“√∑’Ë¡’§à“„™â®à“¬µË” ÿ¥‡æ◊ËÕ≈¥
§à“„™â®à“¬¢Õß‚√ßß“π «‘∏’°“√Àπ÷Ëß∑’Ëßà“¬·≈–„™â°—π¡“°§◊Õ
°“√°«πÀ“ßπÈ”¬“ß‡æ◊ËÕ°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°À“ßπÈ”¬“ß
÷́Ëß®–¡’§à“¥”‡π‘π°“√À≈—°∑’Ë ”§—≠§◊Õ§à“‰øøÑ“∑’Ë„™â„π°“√¢—∫

¡Õ‡µÕ√å¢Õß™ÿ¥°«π ª√– ‘∑∏‘¿“æ„π°“√°”®—¥·Õ¡‚¡‡π’¬
ÕÕ°®“°À“ßπÈ”¬“ß‚¥¬°“√°«π¢÷ÈπÕ¬Ÿà°—∫ªí®®—¬∑’Ë ”§—≠Ê
‰¥â·°à  §«“¡‡√Á«√Õ∫∑’Ë„™â„π°“√°«π  ª√–‡¿∑¢Õß„∫°«π
·≈–°“√ÕÕ°·∫∫¢Õß∂—ß°«π ´÷Ëß¡’º≈µàÕ°“√∂à“¬‚Õπ¡«≈
¢Õß·Õ¡‚¡‡π’¬ÕÕ°®“°À“ßπÈ”¬“ß Õ¬à“ß‰√°Áµ“¡‡π◊ËÕß®“°
·Õ¡‚¡‡π’¬¡’§«“¡ “¡“√∂„π°“√≈–≈“¬πÈ”‰¥â¥’ §«“¡
µâ“π∑“πµàÕ°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”ª√–¡“≥ 90%

Õ¬Ÿà„π«—Ø¿“§·°ä  (McCabe et al., 1993) °“√‡æ‘Ë¡Õ—µ√“
°“√√–‡À¬µâÕß„™â«‘∏’°“√∑’Ë “¡“√∂≈¥§«“¡µâ“π∑“π„π

«—Ø¿“§·°ä ‰¥â¥’  °“√°«π´÷Ëß‡ªìπ«‘∏’∑’Ë„™âÕ¬Ÿà∑—Ë«‰ªπ—Èπ‡ªìπ
°“√∑”„Àâ‡°‘¥§«“¡ªíòπªÉ«π„π«—Æ¿“§¢Õß‡À≈«‡ªìπÀ≈—°
®÷ß≈¥§«“¡µâ“π∑“πµàÕ°“√√–‡À¬∑’ËÕ¬Ÿà„π«—Ø¿“§¢Õß‡À≈«
‰¥â¥’ ·µà®–≈¥§«“¡µâ“π∑“πµàÕ°“√√–‡À¬∑’ËÕ¬Ÿà„π«—Ø¿“§
·°ä ‰¥âπâÕ¬¡“° ª√– ‘∑∏‘¿“æ„π°“√°”®—¥·Õ¡‚¡‡π’¬ÕÕ°
®“°πÈ”‚¥¬«‘∏’°“√°«ππà“®–µË”°«à“°“√„™â«‘∏’Õ◊Ëπ∑’Ë∑”„Àâ‡°‘¥
§«“¡ªíòπªÉ«π„π«—Ø¿“§·°ä ‚¥¬µ√ß ‡™àπ °“√„™â°√–· ≈¡
‡ªÉ“∫πº‘«Àπâ“¢Õß‡À≈« ´÷Ëßæ∫«à“¬—ß‰¡à‰¥â¡’°“√»÷°…“·≈–
‡ª√’¬∫‡∑’¬∫º≈„π‡√◊ËÕßπ’ÈÕ¬à“ß®√‘ß®—ß

°“√«‘®—¬π’È®÷ß∑”°“√»÷°…“∂÷ßÕ‘∑∏‘æ≈¢Õß°√–· ≈¡
µàÕ°“√°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°πÈ”‡ª√’¬∫‡∑’¬∫°—∫°“√
°”®—¥‚¥¬°“√°«π´÷Ëß‡ªìπ«‘∏’·∫∫‡°à“∑’Ë„™â°—πÕ¬Ÿà∑—Ë«‰ª «—µ∂ÿ-
ª√– ß§åÀ≈—°¢Õß°“√»÷°…“π’È§◊Õ 1) »÷°…“º≈¢Õß°“√°«π
µàÕ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬®“°πÈ”
2) »÷°…“º≈¢Õß§«“¡‡√Á«≈¡µàÕ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ
¢Õß·Õ¡‚¡‡π’¬®“°πÈ” 3) ‡ª√’¬∫‡∑’¬∫º≈°“√»÷°…“µ“¡
«—µ∂ÿª√– ß§å (1) ·≈– (2) ·≈–‡ πÕ«‘∏’°“√À√◊Õ°√–∫«π
°“√∑’Ë‡À¡“– ¡ ”À√—∫°“√°”®—¥·Õ¡‚¡‡π’¬®“°À“ßπÈ”¬“ß
„π°√–∫«π°“√º≈‘µ¬“ß °‘¡

∑ƒ…Æ’·≈–°“√µ√«®‡Õ° “√

°“√°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”‚¥¬°√–∫«π°“√√–‡À¬

Õ—µ√“°“√°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°πÈ”‚¥¬°√–∫«π
°“√√–‡À¬ “¡“√∂· ¥ß„π‡∑Õ¡¢Õßº≈§Ÿ≥√–À«à“ß
 —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬·≈–§«“¡
‡¢â¡¢âπ¢Õß·°ä ·Õ¡‚¡‡π’¬„ππÈ” ´÷Ëß‰¥â®“°°“√ª√–¬ÿ°µå„™â
∑ƒ…Æ’ Õßøî≈å¡¢Õß Whitman (Õâ“ß‚¥¬ Treybal, 1980)

‚¥¬ ®√—≠ ·≈– §≥– (2546) ¥—ß ¡°“√  (1)

R
NH3

= K
OL

afC
t           (1)

‡¡◊ËÕ R
NH3

 §◊ÕÕ—µ√“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ” (mol

s-1)  C
t
 §◊Õ§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬„ππÈ” (mol

m-3) K
OL

a §◊Õ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡ (m3 s-1)

·≈– f §◊Õ —¥ à«π¢Õß·°ä ·Õ¡‚¡‡π’¬„ππÈ”´÷Ëß®–¢÷ÈπÕ¬Ÿà°—∫
Õÿ≥À¿Ÿ¡‘·≈– pH ‡¡◊ËÕæ‘®“√≥“®“° ¡°“√ (1) ®–‡ÀÁπ‰¥â
«à“∑’Ë§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬„ππÈ”¡’§à“„¥§à“Àπ÷Ëß
Õ—µ√“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”®– ŸßÀ√◊ÕµË”¢÷ÈπÕ¬Ÿà
°—∫§à“ K

OL
a ¥—ßπ—Èπ¿“¬„µâ¿“«–°“√¥”‡π‘π°“√À√◊Õ«‘∏’°“√
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„¥∑’Ë„Àâ§à“ K
OL

a  Ÿß Õ—µ√“°“√°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”‚¥¬
°√–∫«π°“√√–‡À¬¿“¬„µâ ¿“«–°“√¥”‡π‘π°“√À√◊Õ¥â«¬
«‘∏’°“√¥—ß°≈à“« °Á®– Ÿß°«à“Õ—µ√“°“√°”®—¥¿“¬„µâ¿“«–°“√
¥”‡π‘π°“√À√◊Õ«‘∏’°“√∑’Ë¡’ K

OL
a µË”°«à“  ®÷ß “¡“√∂„™â

K
OL

a ‡ªìπæ“√“¡‘‡µÕ√å„π°“√‡ª√’¬∫‡∑’¬∫„π‡™‘ß¢Õß
ª√– ‘∑∏‘¿“æ„π°“√°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”‚¥¬«‘∏’°“√
À√◊Õ ¿“«–µà“ßÊ ‰¥â  °≈à“«§◊Õ  ∑’Ë§«“¡‡¢â¡¢âπ√«¡¢Õß
·Õ¡‚¡‡π’¬„ππÈ”‡∑à“°—π°√–∫«π°“√À√◊Õ«‘∏’°“√„¥∑’Ë¡’ K

OL
a

 Ÿß  ª√– ‘∑∏‘¿“æ„π°“√°”®—¥·Õ¡‚¡‡π’¬¢Õß«‘∏’°“√À√◊Õ
°√–∫«π°“√π—Èπ°Á®– Ÿß°«à“¢Õß«‘∏’°“√À√◊Õ°√–∫«π°“√∑’Ë¡’
§à“ K

OL
a µË”°«à“

«‘∏’°“√°“√À“§à“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡, K
OL
a

Õ—µ√“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ” πÕ°®“°®–
À“‰¥â‚¥¬«‘∏’°“√¥—ß· ¥ß„π ¡°“√∑’Ë (1) ·≈â«¬—ß “¡“√∂
À“‰¥â‚¥¬°“√∑”¥ÿ≈¡«≈¢Õß·Õ¡‚¡‡π’¬√Õ∫·À≈àßπÈ”∑’Ë
æ‘®“√≥“ ́ ÷Ëß®–„Àâ§à“Õ—µ√“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”
¥—ß· ¥ß¥â«¬ ¡°“√ (2) (®√—≠ ·≈–§≥–, 2547)

R
NH3

= −Vf
dC

t

dt        (2)

‡¡◊ËÕ R
NH3

  §◊ÕÕ—µ√“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ” (mol

s-1)  V §◊Õª√‘¡“µ√¢Õß·À≈àßπÈ”∑’Ë¡’·Õ¡‚¡‡π’¬≈–≈“¬Õ¬Ÿà
(m3)  C

t
 §◊Õ§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬„ππÈ” (mol

m-3)  f §◊Õ —¥ à«π¢Õß·°ä ·Õ¡‚¡‡π’¬„ππÈ”  ·≈–  t §◊Õ
‡«≈“∑’Ë„™â„π°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬ (s) Õ—µ√“°“√√–‡À¬
∑’Ë· ¥ß¥â«¬ ¡°“√ (1) ·≈– ¡°“√ (2) µâÕß‡∑à“°—π ·∑π
§à“ R

NH3

 ®“° (2) „π (1) ®–‰¥â

−Vf
dC

t

dt = K
OL

afC
t

À√◊Õ
dC

t

C
t

=
−K

OL
a

V dt        (3)

Õ‘π∑‘‡°√µ ¡°“√ (3) ®“°‡«≈“‡√‘Ë¡µâπ t
0
 = 0 ∂÷ß‡«≈“„¥Ê

t ∑’Ë∑”„Àâ§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„ππÈ”≈¥≈ß‡π◊ËÕß®“°
°“√√–‡À¬®“° C

t0
 ‡ªìπ C

t
 ®–‰¥â

ln
C

t

C
t0

=
−K

OL
a

V t        (4)

®“° ¡°“√ (4)  “¡“√∂À“§à“ K
OL

a ‰¥â®“°§«“¡™—π¢Õß
°√“ø∑’Ëæ≈ÁÕµ√–À«à“ß ln(C

t
/C

t0
) °—∫ t §◊Õ

K
OL

a = −VS        (5)

‡¡◊ËÕ S §◊Õ§«“¡™—π¢Õß°√“ø (s-1) ¥—ßπ—Èπ‚¥¬°“√«—¥§«“¡
‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬√«¡∑’Ë‡«≈“µà“ßÊ µ≈Õ¥°√–∫«π°“√
√–‡À¬¿“¬„µâ ¿“«–∑’Ë π„® °Á®– “¡“√∂À“§à“ K

OL
a ¢Õß

·Õ¡‚¡‡π’¬¿“¬„µâ ¿“«–π—Èπ‰¥â

Õÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß

°“√»÷°…“°“√°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”‚¥¬„™â≈¡‡ªÉ“

°“√»÷°…“°“√°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°πÈ”‚¥¬„™â
°√–· ≈¡‡ªÉ“∫πº‘«πÈ”°√–∑”„π™ÿ¥∑¥≈Õß¢π“¥µâπ·∫∫∑’Ë
ª√–°Õ∫¥â«¬∂—ß√–‡À¬¢π“¥  ¬“« 3.9 ‡¡µ√  °«â“ß 0.4

‡¡µ√ ·≈– Ÿß 0.2 ‡¡µ√ µ‘¥µ—ÈßÕ¬Ÿà„µâÕÿ‚¡ß§å≈¡√Ÿª ’Ë‡À≈’Ë¬¡
¢π“¥¬“« 4 ‡¡µ√  °«â“ß 0.5 ‡¡µ√  ·≈– Ÿß 0.5 ‡¡µ√
∑’Ëª≈“¬Õÿ‚¡ß§å≈¡µ‘¥µ—Èßæ—¥≈¡¢π“¥„À≠à∑’Ë “¡“√∂ àßÕ“°“»
‰¥â Ÿß ÿ¥∂÷ß 3000 ≈∫.øÿµ/π“∑’ (CFM) ‰¥Õ–·°√¡¢Õß
™ÿ¥°“√∑¥≈Õß∑’Ë„™â„π°“√∑¥≈Õßπ’È· ¥ß„π Figure 1

§«“¡‡√Á«≈¡‡Àπ◊Õº‘«πÈ”§«∫§ÿ¡‚¥¬°“√§«∫§ÿ¡
§«“¡‡√Á«√Õ∫¢Õß¡Õ‡µÕ√å∑’Ë¢—∫‡§≈◊ËÕπæ—¥≈¡ §«“¡‡√Á«≈¡
‡©≈’Ë¬‡Àπ◊Õº‘«πÈ” (U

10cm
) «—¥∑’Ë√–¬– 10 ´¡. ‡Àπ◊Õº‘«πÈ”

√“¬≈–‡Õ’¬¥«‘∏’°“√«—¥§«“¡‡√Á«≈¡‡©≈’Ë¬∫πæ◊Èπº‘«πÈ”µ≈Õ¥
§«“¡¬“«¢Õßº‘«πÈ”·≈–µ”·Àπàß∑’Ë∑”°“√«—¥§«“¡‡√Á«≈¡
„π√–∫∫∑’Ë„™â∑¥≈Õßπ’È „™â«‘∏’∑’Ë‰¥â√“¬ß“π‰«â°àÕπÀπâ“π’È
(Bunyakan et al., 2001)  §«“¡‡√Á«≈¡‡©≈’Ë¬∑’Ë√–¬– 10

´¡.  ‡Àπ◊Õº‘«πÈ”∑’Ë„™â„π°“√»÷°…“π’ÈÕ¬Ÿà„π™à«ß  0  ∂÷ß  4.8

‡¡µ√/π“∑’  Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”·≈–Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»¢≥–
∑¥≈Õß¡’§à“ª√–¡“≥ 27±1ºC ‡æ◊ËÕ„Àâ Õ¥§≈âÕß°—∫ ¿“«–
°“√¥”‡π‘π°“√®√‘ß„π‚√ßß“πÕÿµ “À°√√¡®÷ß‰¡à¡’°“√ª√—∫
·≈–§«∫§ÿ¡§à“ pH „π√–À«à“ß°“√∑¥≈Õß °“√∑¥≈Õß∑’Ë
 ¿“«–µà“ßÊ ®–‡√‘Ë¡¥â«¬°“√‡µ√’¬¡ “√≈–≈“¬·Õ¡‚¡‡π’¬
‚¥¬°“√≈–≈“¬ “√≈–≈“¬·Õ¡‚¡‡π’¬„ππÈ”ª√‘¡“µ√ 120

≈‘µ√  „Àâ¡’§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬µ“¡µâÕß°“√
( ¿“«–‡√‘Ë¡µâπ¢Õß°“√∑¥≈Õß‡æ◊ËÕ»÷°…“º≈¢Õß§«“¡‡√Á«
≈¡µàÕ°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”‚¥¬„™â≈¡‡ªÉ“· ¥ß
„π Table 1)  ®“°π—Èπ®÷ßªíô¡ “√≈–≈“¬¥—ß°≈à“«‡¢â“ Ÿà∂—ß
√–‡À¬∑’Ë„™â»÷°…“ ‡ªî¥ªíô¡À¡ÿπ‡«’¬π¢Õß∂—ß„Àâ‡°‘¥°“√‰À≈
‡«’¬π¢Õß “√≈–≈“¬¿“¬„π∂—ß‡æ◊ËÕ„Àâ§«“¡‡¢â¡¢âπ¢Õß “√
≈–≈“¬·Õ¡‚¡‡π’¬¡’§«“¡‡¢â¡¢âπ ¡Ë”‡ ¡Õ∑—Ë«∑—Èß∂—ß ®“°π—Èπ
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®√—≠  ∫ÿ≠°“≠®πå ·≈–§≥–69

®÷ß‡√‘Ë¡°“√∑¥≈Õß‚¥¬∫—π∑÷°‡«≈“‡√‘Ë¡µâπ·≈–‡°Á∫µ—«Õ¬à“ß
 “√≈–≈“¬‡æ◊ËÕ«‘‡§√“–Àå§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬∑’Ë
 ¿“«–‡√‘Ë¡µâπæ√âÕ¡°—∫‡ªî¥æ—¥≈¡„Àâ¡’°√–· ≈¡‡ªÉ“‰ª∫π
º‘«Àπâ“¢Õß·À≈àßπÈ”¥â«¬§«“¡‡√Á«≈¡∑’ËµâÕß°“√ ª≈àÕ¬„Àâ
·Õ¡‚¡‡π’¬√–‡À¬®“°πÈ”·≈–∑”°“√‡°Á∫µ—«Õ¬à“ß “√≈–≈“¬
∑ÿ° 1 ™—Ë«‚¡ß  ‡æ◊ËÕÀ“§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬∑’Ë‡«≈“
µà“ßÊ ®π°√–∑—Ëß ‘Èπ ÿ¥°“√∑¥≈Õß´÷Ëß®–„™â‡«≈“ª√–¡“≥
6 ™—Ë«‚¡ß ‡°Á∫µ—«Õ¬à“ß “√≈–≈“¬∑’Ë‰¥â‰«â„πµŸâ‡¬Áπ·≈–∑”°“√
«‘‡§√“–ÀåÀ“§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬„ππÈ”¿“¬„π«—π
‡¥’¬«°—π°—∫«—π∑’Ë∑”°“√∑¥≈Õß °“√«‘‡§√“–Àå§«“¡‡¢â¡¢âπ
√«¡¢Õß·Õ¡‚¡‡π’¬„™â«‘∏’¡“µ√∞“π Phenate method

(APHA, AWWA, and WPCF, 1995) ´÷Ëß®–«‘‡§√“–Àå
ª√‘¡“≥¢Õß·Õ¡‚¡‡π’¬√«¡„π√Ÿª¢Õß·Õ¡‚¡‡π’¬‰π‚µ√‡®π
·≈â«π”¢âÕ¡Ÿ≈§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬∑’Ë‡ª≈’Ë¬π‰ª

°—∫‡«≈“¡“„™âÀ“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡µ“¡
 ¡°“√ (4) ®“°π—Èπ®÷ß∑”°“√«‘‡§√“–Àåº≈¢Õß§«“¡‡√Á«≈¡
µàÕ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬‚¥¬„™â
«‘∏’°“√∑”°“√∂¥∂Õ¬æÀÿ§Ÿ≥

°“√»÷°…“°“√°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”‚¥¬°“√°«π

°“√»÷°…“°“√°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”‚¥¬°“√°«π
°√–∑”„π∂—ß°«πª√‘¡“µ√ 70 ≈‘µ√ ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß
¿“¬„π¢Õß∂—ß°«π (T) ‡∑à“°—∫ 45 ´¡. Õ—µ√“ à«π¢Õß
 à«πª√–°Õ∫µà“ßÊ ¢Õß∂—ß°«π·≈–„∫°«π‡∑’¬∫°—∫¢π“¥
¢Õß∂—ß°«π‡ªìπ‰ªµ“¡¡“µ√∞“π°“√ÕÕ°·∫∫∂—ß°«π
 ”À√—∫ ¿“«–°“√‰À≈‡ªìπ·∫∫ªíòπªÉ«π §◊Õ Z/T = 1, D/T

= 1/3, B/T = 1/12, C/T = 1/3 (Brodkey and Hershey,

1981) „∫°«π∑’Ë„™â»÷°…“‡ªìπ·∫∫ six-blade turbine ∑’Ë¡’

Table 1. Experimental conditions for studying the influence of

wind speed on ammonia removal rate from water.

Run No. U
10cm

 (m s-1) T
water

 (ºC) Initial concentration of

Ammonia in water (mg L-1)

1 0.00 27±1 399
2 0.46 27±1 342
3 1.52 27±1 379
4 2.58 27±1 492
5 3.37 27±1 514
6 4.21 27±1 433
7 4.80 27±1 415

Figure 1. Schematic diagram of a wind tunnel and water tank system for ammonia volatili-

zation study.
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Õ—µ√“ à«π W/D = 1/5 ‡¡◊ËÕ Z §◊Õ§«“¡≈÷°¢ÕßπÈ”„π∂—ß
°«π  T §◊Õ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß∂—ß°«π  D §◊Õ
¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß„∫°«π  B §◊Õ§«“¡°«â“ß¢Õß
·ºàπ°—Èπ (baffle)  W §◊Õ§«“¡°«â“ß¢Õß„∫°«π  ·≈–  C
§◊Õ√–¬–∑’Ë«—¥®“°°âπ∂—ß∂÷ß·π«°÷Ëß°≈“ß¢Õß§«“¡°«â“ß¢Õß
„∫°«π  °“√¢—∫‡§≈◊ËÕπ„∫°«π„™â¡Õ‡µÕ√å‰øøÑ“¢π“¥ 1

·√ß¡â“ (HP) §«∫§ÿ¡·≈–ª√—∫§«“¡‡√Á«√Õ∫¢Õß„∫°«π
‚¥¬„™âÕ‘π‡«Õ√å‡µÕ√å  ‰¥Õ–·°√¡· ¥ß≈—°…≥–¢Õß∂—ß°«π
∑’Ë„™â„π°“√∑¥≈Õßπ’È· ¥ß¥—ß Figure 2

°“√∑¥≈Õß‡æ◊ËÕ»÷°…“À“ ¿“«–∑’Ë‡À¡“– ¡„π°“√
°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”‚¥¬°“√°«π ®–‡√‘Ë¡¥â«¬°“√‡µ√’¬¡
 “√≈–≈“¬·Õ¡‚¡‡π’¬„ππÈ”‚¥¬°“√º ¡ “√≈–≈“¬
·Õ¡‚¡‡π’¬ (ammonia solution 15% by weight) ≈ß„π
πÈ”ª√‘¡“µ√ 50 ≈‘µ√ „Àâ¡’§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬
µ“¡µâÕß°“√   §«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬∑’Ë ¿“«–
‡√‘Ë¡µâπÕ¬Ÿà„π™à«ß 326-425 ¡°./≈‘µ√ pH ‡√‘Ë¡µâπÕ¬Ÿà„π™à«ß
10-10.5 Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”‡∑à“°—∫ 27±1ºC §«“¡‡√Á«√Õ∫¢Õß
°“√°«π∑’Ë»÷°…“Õ¬Ÿà„π™à«ß 0-400 rpm ‡æ◊ËÕ„Àâ Õ¥§≈âÕß
°—∫ ¿“«–°“√¥”‡π‘π°“√®√‘ß„π‚√ßß“πÕÿµ “À°√√¡®÷ß‰¡à¡’
°“√ª√—∫·≈–§«∫§ÿ¡§à“ pH „π√–À«à“ß°“√∑¥≈Õß  ¿“«–
‡√‘Ë¡µâπ¢Õß°“√∑¥≈Õß¢Õß·µà≈–°“√∑¥≈Õß· ¥ß‰«â„π
Table 2  °“√∑¥≈Õß‡√‘Ë¡µâπ‚¥¬‡°Á∫µ—«Õ¬à“ßπÈ”∑’Ë‡«≈“
‡√‘Ë¡µâπ ®“°π—Èπ®÷ß°«π “√≈–≈“¬·Õ¡‚¡‡π’¬¥â«¬§«“¡‡√Á«

√Õ∫∑’Ë°”Àπ¥ ·≈–‡°Á∫µ—«Õ¬à“ß “√≈–≈“¬∑’Ë‡«≈“µà“ßÊ ∑ÿ°
2 ™—Ë«‚¡ß µ≈Õ¥√–¬–‡«≈“°“√∑¥≈Õß 20 ™—Ë«‚¡ß ∑”°“√
«‘‡§√“–Àå§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬„πµ—«Õ¬à“ßπÈ”∑’Ë
‡°Á∫‰¥â∑’Ë‡«≈“µà“ßÊ ‚¥¬„™â«‘∏’ Phenate method (APHA,

AWWA, and WPCF, 1995) ´÷Ëß®–«‘‡§√“–Àåª√‘¡“≥¢Õß
·Õ¡‚¡‡π’¬√«¡„π√Ÿª¢Õß·Õ¡‚¡‡π’¬‰π‚µ√‡®π π”¢âÕ¡Ÿ≈
§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬∑’Ë‡ª≈’Ë¬π‰ª°—∫‡«≈“¡“„™âÀ“
 —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡„π«—Ø¿“§¢Õß‡À≈«¢Õß
·Õ¡‚¡‡π’¬µ“¡«‘∏’°“√∑’Ë‰¥â°≈à“«∂÷ß„πµÕπµâπ ®“°π—Èπ®÷ß
∑”°“√«‘‡§√“–Àåº≈¢Õß§«“¡‡√Á«√Õ∫„π‡∑Õ¡¢Õßµ—«‡≈¢
‡√‚π≈¥åµàÕ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡„π«—Ø¿“§
¢Õß‡À≈«¢Õß·Õ¡‚¡‡π’¬ ·≈–«‘‡§√“–Àåº≈∑’Ë‰¥â‡ª√’¬∫‡∑’¬∫
°—∫«‘∏’°“√°”®—¥‚¥¬°“√„™â≈¡‡ªÉ“

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

º≈¢Õß§«“¡‡√Á«≈¡·≈–º≈¢Õß°“√°«πµàÕ —¡ª√– ‘∑∏‘Ï

°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬ K
OL
a

 —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬
(K

OL
a) ∑’Ë ¿“«–°“√∑¥≈Õßµà“ßÊ  À“§à“‰¥â®“°°“√«—¥

§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬„ππÈ”∑’Ë‡«≈“µà“ßÊ ·≈â«∑”
°“√·ª≈º≈®“°¢âÕ¡Ÿ≈¢Õß§«“¡‡¢â¡¢âπ‡ªìπ§à“ —¡ª√– ‘∑∏‘Ï
°“√∂à“¬‚Õπ¡«≈√«¡ ‚¥¬„™â∑ƒ…Æ’·≈– ¡¡ÿµ‘∞“π∑’ËÕ∏‘∫“¬

Figure 2.  Schematic diagram of an agitated tank used for ammonia volatilization study.
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¥â«¬ ¡°“√ (1) ∂÷ß ¡°“√ (5)  Figure 3 · ¥ß≈—°…≥–
‚¥¬∑—Ë«‰ª¢Õß°√“ø∑’Ëæ≈ÁÕµ√–À«à“ß ln(C

t
/C

t0
)  °—∫ t

 ”À√—∫°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”¿“¬„µâ ¿“«–∑’Ë¡’
°√–· ≈¡æ—¥ºà“πº‘«πÈ”¥â«¬§«“¡‡√Á«µà“ßÊ ®“° Figure 3

§«“¡™—π¢Õß°√“ø  ln(C
t
/C

t0
)  °—∫  t  ¢Õß°“√∑¥≈Õß∑’Ë

U
10cm = 2.58 ms-1 §◊Õ -5.86×10-5 s-1 „π¢≥–∑’Ëª√‘¡“µ√

¢Õß “√≈–≈“¬·Õ¡‚¡‡π’¬„π∂—ß√–‡À¬‡∑à“°—∫ 0.12 m3

¥—ßπ—Èπ K
OL

a ¿“¬„µâ ¿“«–¥—ß°≈à“«´÷Ëß§”π«≥®“° ¡°“√
(5) §◊Õ 7.03×10-6 m3s-1  °“√À“§à“ K

OL
a ∑’Ë ¿“«–°“√

∑¥≈ÕßÕ◊ËπÊ ∑—Èß„π°√≥’¢Õß°“√√–‡À¬‚¥¬„™â≈¡‡ªÉ“·≈–
‚¥¬°“√°«π„™â«‘∏’°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈‡™àπ‡¥’¬«°—π°—∫∑’Ë‰¥â
· ¥ß¢â“ßµâπ  ‚¥¬· ¥ß§à“ K

OL
a ¢Õß·Õ¡‚¡‡π’¬∑’Ë§«“¡

‡√Á«≈¡·≈–§«“¡‡√Á«√Õ∫„π°“√°«πµà“ßÊ ‰«â„π Table 3

·≈– Table 4 µ“¡≈”¥—∫

§«“¡ —¡æ—π∏å√–À«à“ß K
OL

a °—∫§«“¡‡√Á«≈¡‡©≈’Ë¬
∑’Ë√–¥—∫ 10 ´¡. ‡Àπ◊Õº‘«πÈ” (U

10cm) ·≈–§«“¡ —¡æ—π∏å
√–À«à“ß K

OL
a °—∫§«“¡‡√Á«√Õ∫„π°“√°«π· ¥ß„π≈—°…≥–

¢Õß°√“ø‰¥â¥—ß Figure 4 ·≈– Figure 5 µ“¡≈”¥—∫
®“°√Ÿª¥—ß°≈à“«®–‡ÀÁπ‰¥â«à“ K

OL
a ‡æ‘Ë¡¢÷Èπ°—∫§«“¡

‡√Á«≈¡·≈–§«“¡‡√Á«√Õ∫„π°“√°«πµ≈Õ¥™à«ß∑’Ë»÷°…“ ·≈–
æ∫«à“¢π“¥¢Õß§à“ K

OL
a ∑’Ë‰¥â®“°°√–∫«π°“√∑—Èß Õß¡’

§à“∑’Ë·µ°µà“ß°—πÕ¬à“ß™—¥‡®π ‡π◊ËÕß®“°∑—Èß Õß«‘∏’¡’°≈‰°∑’Ë
∑”„Àâ‡°‘¥§«“¡ªíòπªÉ«π„π√–∫∫∑’Ë·µ°µà“ß°—π§◊Õ °√–· ≈¡
‡ªÉ“‰ª∫πº‘«πÈ”∑”„Àâ‡°‘¥§«“¡ªíòπªÉ«π„π«—Æ¿“§·°ä ∑’ËÕ¬Ÿà
‡Àπ◊Õº‘«¢Õß¢Õß‡À≈«‡ªìπÀ≈—°  „π¢≥–∑’Ë°“√°«π‡ªìπ
°√–∫«π°“√∑’Ë∑”„Àâ‡°‘¥§«“¡ªíòπªÉ«π„π«—Æ¿“§¢Õß‡À≈«
√–¥—∫¢Õß§«“¡ªíòπªÉ«π„π«—Ø¿“§„¥Ê  “¡“√∂· ¥ß‰¥â
¥â«¬¢π“¥µ—«‡≈¢‡√‚π≈¥å §«“¡ªíòπªÉ«π„π«—Æ¿“§„¥Ê ®–

Table 2. Experimental conditions for studying the influence of agita-

tion speed on ammonia removal rate from water.

Run No. Agitation speed T
water

 (ºC) Initial concentration of

(RPM) ammonia in water (mg L-1)

1 0 27±1 384
2 50 27±1 326
3 150 27±1 371
4 250 27±1 412
5 400 27±1 425

Figure 3. Typical plot of ln(C
t
/C

t0
) versus t for ammonia removal at different wind speed.

(water temperature = 27±1ºC)
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 Ÿß¢÷Èπµ“¡µ—«‡≈¢‡√‚π≈¥å∑’Ë Ÿß¢÷Èπ  ”À√—∫°√≥’∑’Ë„™â≈¡‡ªÉ“‰ª
∫πº‘«πÈ”µ—«‡≈¢‡√‚π≈¥å∑’Ë‡À¡“– ¡∑’Ë®–Õ∏‘∫“¬∂÷ß≈—°…≥–
¢Õß§«“¡ªíòπªÉ«π¢Õß«—Æ¿“§·°ä ∑’ËÕ¬Ÿà‡Àπ◊Õº‘«πÈ”∑’Ë√–¥—∫
§«“¡ Ÿß∑’Ë∑”°“√«—¥§«“¡‡√Á«≈¡µ≈Õ¥√–¬–§«“¡¬“«¢Õß
º‘«πÈ”· ¥ß‰¥â¥—ß ¡°“√ (6)

R
e10cm

=
ρ

air
U

10cm
L

µ
air

          (6)

‡¡◊ËÕ R
e10cm = ‡≈¢‡√‚π≈¥å‡π◊ËÕß®“°§«“¡‡√Á«≈¡‡©≈’Ë¬∑’Ë

√–¥—∫ 10 ´¡.‡Àπ◊Õº‘«πÈ”, ‰¡à¡’Àπà«¬
U

10cm = §«“¡‡√Á«≈¡‡©≈’Ë¬«—¥∑’Ë√–¬– 10 ́ ¡.‡Àπ◊Õ
º‘«πÈ”µ≈Õ¥§«“¡¬“«¢Õßº‘«πÈ”, ms-1,

L = §«“¡¬“«¢Õßº‘«πÈ”, m,

µ
air = §«“¡Àπ◊¥¢ÕßÕ“°“», kg m-1s-1, ·≈–

ρ
air = §«“¡Àπ“·πàπ¢ÕßÕ“°“», kg m-3

„π¢≥–∑’Ë√–¥—∫¢Õß§«“¡ªíòπªÉ«π„π«—Æ¿“§¢Õß‡À≈«
‡π◊ËÕß®“°°“√°«π “¡“√∂· ¥ß¥â«¬¢π“¥¢Õßµ—«‡≈¢
‡√‚π≈¥å∑’Ë “¡“√∂§”π«≥‰¥â®“° ¡°“√ (7)  (Brodkey

and Hershey, 1988)

R
e

=
ρ

water
ND2

µ
water

         (7)

‡¡◊ËÕ R
e = µ—«‡≈¢‡√‚π≈¥å‡π◊ËÕß®“°§«“¡‡√Á«√Õ∫„π

°“√°«π ,‰¡à¡’Àπà«¬,
N = §«“¡‡√Á«√Õ∫„π°“√°«π, rps,

D = ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß„∫°«π, m,

µ
water =  §«“¡Àπ◊¥¢ÕßπÈ”, kg m-1s-1, ·≈–

ρ
water = §«“¡Àπ“·πàπ¢ÕßπÈ”, kg m-3

Table 3. K
OL

a of ammonia at various wind speed

at water temperature of 27±1ºC

Run No U
10cm

 (m s-1) K
OL

a×××××106 (m3/s)

1 0.00 1.00
2 0.46 3.53
3 1.52 6.17
4 2.58 7.03
5 3.37 11.59
6 4.21 12.97
7 4.80 17.14

Table 4. K
OL

a of ammonia at various agitation

speed at water temperature of 27±1ºC

Run No Agitation speed (RPM) K
OL

a×××××106 (m3/s)

1 0 0.23
2 50 0.25
3 150 0.49
4 250 1.01
5 400 1.50

Figure 4. The effect of wind speed on mass trans-

fer  coefficient  of  ammonia  at  water

temperature of 27±1ºC

Figure 5. The effect of agitation speed on mass

transfer  coefficient  of  ammonia  at

water temperature of 27±1ºC
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µ—«‡≈¢‡√‚π≈¥å‡π◊ËÕß®“°°√–· ≈¡ (Re10cm) ·≈–
µ—«‡≈¢‡√‚π≈¥å‡π◊ËÕß®“°§«“¡‡√Á«√Õ∫„π°“√°«π (Re)

 “¡“√∂§”π«≥‰¥â∑—π∑’‚¥¬„™â¢âÕ¡Ÿ≈§«“¡Àπ“·πàπ·≈–
§«“¡Àπ◊¥¢ÕßÕ“°“»·≈–πÈ”∑’ËÕÿ≥À¿Ÿ¡‘ 27ºC √à«¡°—∫¢âÕ¡Ÿ≈
Õ◊ËπÊ ¢Õß√–∫∫∑’Ë»÷°…“ ‰¥â·°à §«“¡‡√Á«≈¡ §«“¡¬“«¢Õß
æ◊Èπº‘«πÈ” ‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß„∫°«π ·≈–§«“¡‡√Á«√Õ∫
∑’Ë„™â„π°“√°«π §à“ Re10cm ·≈– Re ∑’Ë§”π«≥‰¥â®“°∑—Èß Õß
°√≥’· ¥ß‰«âæ√âÕ¡°—∫¢âÕ¡Ÿ≈Õ◊ËπÊ ¢Õß·µà≈–°“√∑¥≈Õß„π
Table 5 ·≈– Table 6

®“° Table 5 ‡¡◊ËÕπ”¢âÕ¡Ÿ≈ K
OL

a ·≈– Re10cm ¡“
· ¥ß„π‡™‘ß¢Õß°√“ø®–‰¥â§«“¡ —¡æ—π∏å√–À«à“ß K

OL
a °—∫

¥—ß· ¥ß„π Figure 6 ·≈–‡¡◊ËÕ∑”æÀÿ§Ÿ≥∂¥∂Õ¬∫π™ÿ¥
¢âÕ¡Ÿ≈¥—ß°≈à“«æ∫«à“¡’§«“¡ —¡æ—π∏å·∫∫‡™‘ß‡ âπµ“¡ ¡°“√
(8) ‚¥¬¡’§à“ R2 ‡∑à“°—∫ 0.96

K
OL

a = 1.18 ×10−11 R
e10cm

+1.19 ×10−6        (8)

®“°  Table 6  ‡¡◊ËÕπ”¢âÕ¡Ÿ≈  K
OL

a  ·≈–  Re  ¡“
¥”‡π‘π°“√„π≈—°…≥–‡¥’¬«°—π®–‰¥â§«“¡ —¡æ—π∏å√–À«à“ß
K

OL
a °—∫ Re ¥—ß· ¥ß„π Figure 7 ·≈–‡¡◊ËÕ∑”æÀÿ§Ÿ≥

∂¥∂Õ¬∫π™ÿ¥¢âÕ¡Ÿ≈¥—ß°≈à“«æ∫«à“¡’§«“¡ —¡æ—π∏å·∫∫‡™‘ß
‡ âπ‡™àπ°—π¥—ß· ¥ß„π ¡°“√ (9) ‚¥¬¡’§à“ R2 ‡∑à“°—∫ 0.97

K
OL

a = 7.99 ×10−12 R
e

+1.25 ×10−7           (9)

®“° ¡°“√ (8) ·≈– (9) ·¡â«à“§«“¡ —¡æ—π∏å√–À«à“ß
K

OL
a °—∫µ—«‡≈¢‡√‚π≈¥å¢Õß∑—Èß Õß°√≥’¡’≈—°…≥–‡ªìπ·∫∫

‡™‘ß‡ âπ∑’Ë¡’§à“ R2 Õ¬Ÿà„π√–¥—∫ Ÿß‡™àπ°—π ·µà‡¡◊ËÕæ‘®“√≥“
®“°§«“¡™—π¢Õß ¡°“√‡ âπµ√ß∑’Ë· ¥ß„π ¡°“√ (8) ·≈–
 ¡°“√ (9)  æ∫«à“§«“¡™—π¢Õß°√≥’∑’Ë„™â≈¡‡ªÉ“¡’§à“‡∑à“°—∫
1.18×10-11 m3s-1 „π¢≥–∑’Ë§«“¡™—π¢Õß ¡°“√‡ âπµ√ß∑’Ë
‰¥â®“°°√≥’∑’Ë„™â«‘∏’°“√°«π¡’§à“‡æ’¬ß 7.99×10-12 m3s-1

· ¥ß„Àâ‡ÀÁπ«à“§«“¡ªíòπªÉ«π„π«—Ø¿“§·°ä ¡’º≈∑”„Àâ
·Õ¡‚¡‡π’¬√–‡À¬®“°πÈ”‰¥â‡√Á«°«à“§«“¡ªíòπªÉ«π„π¢Õß‡À≈«
º≈°“√»÷°…“π’È π—∫ πÿπ§«“¡®√‘ß∑’Ë«à“°√–∫«π°“√°“√
√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”∂Ÿ°§«∫§ÿ¡‚¥¬øî≈å¡·°ä ∑’ËÕ¬Ÿà
‡Àπ◊Õº‘« —¡º— √–À«à“ßº‘«πÈ”°—∫Õ“°“»  °“√‡æ‘Ë¡Õ—µ√“°“√
∂à“¬‚Õπ¡«≈¢Õß·Õ¡‚¡‡π’¬®“°πÈ” ŸàÕ“°“»¿“¬„µâ ¿“«–
¥—ß°≈à“«®–µâÕß≈¥§«“¡Àπ“¢Õßøî≈å¡·°ä ≈ß ´÷Ëß«‘∏’°“√∑’Ë
®–≈¥øî≈å¡·°ä ‰¥â‚¥¬µ√ß§◊Õ°“√∑”„Àâ‡°‘¥§«“¡ªíòπªÉ«π

Table 5. The overall mass transfer coefficient of ammonia at different R
e10cm

.

RUN No. U
10cm

 (m s-1) ρρρρρ
air

(kg m-3) µµµµµ
air

(kg m-1s-1) L (m) R
e10cm×××××10-4 K

OL
a×××××106

(at 27ºC) (at 27ºC) (dimensionless) (m3/s)

1 0.00 1.177 1.8×10-5 3.9 0.00 1.00
2 0.46 1.177 1.8×10-5 3.9 11.73 3.53
3 1.52 1.177 1.8×10-5 3.9 38.76 6.17
4 2.58 1.177 1.8×10-5 3.9 65.79 7.03
5 3.37 1.177 1.8×10-5 3.9 85.94 11.59
6 4.21 1.177 1.8×10-5 3.9 107.36 12.97
7 4.80 1.177 1.8×10-5 3.9 122.40 17.14

Table 6. The overall mass transfer coefficient of ammonia at different R
e
.

RUN No. Agitation speed ρρρρρ
water

(kg m-3) µµµµµ
water

(kg m-1s-1) D (m) R
e×××××10-4 K

OL
a×××××106

(RPM) (at 27ºC) (at 27ºC) (dimensionless) (m3/s)

1 0 997 8.88×10-4 0.15 0.00 0.23
2 50 997 8.88×10-4 0.15 2.11 0.25
3 150 997 8.88×10-4 0.15 6.34 0.49
4 250 997 8.88×10-4 0.15 10.56 1.01
5 400 997 8.88×10-4 0.15 16.90 1.50
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¢Õß™—ÈπÕ“°“» °“√„™â°√–· ≈¡‡ªÉ“∫πº‘«πÈ”„π°“√»÷°…“π’È
‡ªìπ°“√∑”„Àâ‡°‘¥§«“¡ªíòπªÉ«π„π™—Èπ¢ÕßÕ“°“»‚¥¬µ√ß ́ ÷Ëß
®– àßº≈„Àâ§«“¡Àπ“¢Õßøî≈å¡·°ä ∑’Ëª°§≈ÿ¡Õ¬Ÿà≈¥≈ß„π
∑‘»∑“ß∑’Ë Õ¥§≈âÕß°—∫§«“¡ªíòπªÉ«π¢ÕßÕ“°“»∑’Ë‡æ‘Ë¡¢÷Èπ
∑”„Àâ —¥ à«π°“√‡æ‘Ë¡¢Õß K

OL
a µàÕ°“√‡æ‘Ë¡¢Õßµ—«‡≈¢

‡√‚π≈¥å Ÿß°«à“„π°√≥’¢Õß°“√°«π´÷Ëß‡ªìπ°“√≈¥¢π“¥
¢Õßøî≈å¡·°ä ‚¥¬∑“ßÕâÕ¡ °≈à“«§◊Õ  ”À√—∫„π°“√°«ππ—Èπ
æ≈—ßß“π°≈®“°„∫°«π®–∂Ÿ°∂à“¬‚Õπ‰ª¬—ß«—Æ¿“§¢Õß‡À≈«
°àÕπ ¥—ßπ—Èπæ≈—ßß“π à«π„À≠à®–∂Ÿ°„™â„π°“√∑”„Àâ‡°‘¥§«“¡
ªíòπªÉ«π„π«—Ø¿“§¢Õß‡À≈« ·≈–¡’æ≈—ßß“π‡æ’¬ß∫“ß à«π

‡∑à“π—Èπ∑’Ë®–∂Ÿ°∂à“¬‚ÕπµàÕ‰ª¬—ßøî≈å¡·°ä ∑’ËÕ¬Ÿàµ‘¥°—∫º‘«
¢Õß‡À≈« ´÷Ëß°Á®–π”‰ª Ÿà§«“¡ªíòπªÉ«π„π«—Æ¿“§·°ä ·≈–
∑”„Àâ‡°‘¥°“√≈¥¢π“¥¢Õßøî≈å¡·°ä ‰¥â„π∑’Ë ÿ¥ °√–∫«π°“√
¥—ß°≈à“«®—¥‰¥â«à“‡ªìπ°√–∫«π°“√°“√≈¥¢π“¥¢Õßøî≈å¡
·°ä ∑“ßÕâÕ¡∑’ËµâÕß¡’∂à“¬‚Õπæ≈—ßß“π„πÀ≈“¬¢—ÈπµÕπ
‡π◊ËÕß®“°¡’æ≈—ßß“π‡æ’¬ß∫“ß à«π∑’Ë∂Ÿ°∂à“¬‚Õπ®“°«—Æ¿“§
¢Õß‡À≈«‰ª¬—ßøî≈å¡·°ä  ¥—ßπ—Èπ°“√≈¥≈ß¢Õßøî≈å¡·°ä ®÷ß
‰¡à®”‡ªìπµâÕß Õ¥§≈âÕß°—∫æ≈—ßß“π∑’Ë„ à‡¢â“‰ª„π«—Ø¿“§
¢Õß‡À≈«  —¥ à«π°“√‡æ‘Ë¡¢Õß K

OL
a µàÕ°“√‡æ‘Ë¡¢Õßµ—«‡≈¢

‡√‚π≈¥å¢Õß¢Õß‡À≈«®÷ßµË”·≈–µË”°«à“¢Õß°√≥’∑’Ë„ àæ≈—ßß“π

Figure 7.  The K
OL

a of ammonia as a function of R
e
 at water temperature of 27±1ºC

Figure 6.  The K
OL

a of ammonia as a function of R
e10cm

 at water temperature of 27±1ºC
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‡¢â“‰ª¬—ß«—Æ¿“§·°ä ‚¥¬„™â°√–· ≈¡‡ªÉ“‚¥¬µ√ß

‡ª√’¬∫‡∑’¬∫Õ—µ√“°“√°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”‚¥¬„™â

°√–· ≈¡‡ªÉ“·≈–‚¥¬°“√°«π

Õ—µ√“°“√°”®—¥·Õ¡‚¡‡π’¬ “¡“√∂§”π«≥‰¥â®“°
 ¡°“√ (1) ‚¥¬°“√·∑π§à“ K

OL
a ®“° ¡°“√ (8) ·≈– (9)

≈ß„π ¡°“√ (1) ®–‰¥âÕ—µ√“°“√°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”
‚¥¬°“√„™â≈¡‡ªÉ“·≈–‚¥¬°“√°«π¥—ß· ¥ß¥â«¬ ¡°“√ (10)

·≈– (11) µ“¡≈”¥—∫

R
NH3

(wind) = (1.18 ×10−11 R
e10cm

+1.19 ×10−6 ) fC
t

        (10)

R
NH3

(agitated) = (7.99 ×10−12 R
e

+1.25 ×10−7 ) fC
t

      (11)

‡¡◊ËÕ f §◊Õ —¥ à«π¢Õß·Õ¡‚¡‡π’¬∑’ËÕ¬Ÿà„π√Ÿª¢Õß·Õ¡‚¡‡π’¬
Õ‘ √–„ππÈ”´÷Ëß¢÷ÈπÕ¬Ÿà°—∫ pKa ·≈– pH  ¥—ß ¡°“√ (12)

f =
1

1+10 pKa− pH         (12)

·≈– pKa §◊Õ§à“§ß∑’Ë ¡¥ÿ≈¢Õß°√¥´÷Ëß¡’§«“¡ —¡æ—π∏å°—∫
Õÿ≥À¿Ÿ¡‘µ“¡ ¡°“√ (13) (Aquatext, 2003)

pKa = 0.09018 +
2729.92
T + 273

        (13)

‡¡◊ËÕ T §◊Õ Õÿ≥À¿Ÿ¡‘ (ºC) √«¡ ¡°“√ (12) ·≈– (13) ®–‰¥â

f =
1

1+10
(0.09018+

2729.92
T+273 − pH)       (14)

√«¡ ¡°“√ (14) °—∫  ¡°“√ (10) ®–‰¥â ¡°“√∑’Ë “¡“√∂
„™âª√–¡“≥Õ—µ√“°“√°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”‚¥¬°“√„™â
°√–· ≈¡‡ªÉ“∫πº‘«Àπâ“¢ÕßπÈ”¥—ß· ¥ß¥â«¬ ¡°“√ (15)

R
NH3

(wind) = (1.18 ×10−11 R
e10cm

+1.19 ×10−6 )(
1

1+10
(0.09018+

272992
T+273 − pH)

)C
t

        (15)

„π∑”πÕß‡¥’¬«°—π‚¥¬°“√·∑π§à“ f ®“° ¡°“√∑’Ë (14) ≈ß
„π ¡°“√ (11) ®–‰¥âÕ—µ√“°“√°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”‚¥¬
°“√°«π¥—ß· ¥ß¥â«¬ ¡°“√ (16)

R
NH3

(agitated) = (7.99 ×10−12 R
e

+1.25 ×10−7 )(
1

1+10
(0.09018+

272992
T+273 − pH)

)C
t

        (16)

 ¡°“√∑’Ë (15) ·≈– (16)  “¡“√∂„™â§”π«≥Õ—µ√“°“√
°”®—¥·Õ¡‚¡‡π’¬®“°πÈ” ∑’ËÕÿ≥À¿Ÿ¡‘ pH ·≈–µ—«‡≈¢‡√‚π≈¥å
„¥Ê ∑’Ë π„®‰¥â ®“° ¡°“√∑’Ë (15) ·≈– (16) ∂â“π”‰ª
ª√–¬ÿ°µå„™â°—∫·À≈àßπÈ”∑’Ë ¿“«–‡¥’¬«°—π ®–‰¥â«à“

R
NH3

(wind)

R
NH3

(agitated) =
1.18 ×10−11 R

e10cm
+1.19 ×10−6

7.99 ×10−12 R
e

+1.25 ×10−7 =
K

OL
a(wind)

K
OL

a(agitated)

      (17)

®“° ¡°“√∑’Ë (17) °“√‡ª√’¬∫‡∑’¬∫Õ—µ√“°“√°”®—¥·Õ¡-
‚¡‡π’¬√–À«à“ß«‘∏’°“√„™â≈¡‡ªÉ“°—∫«‘∏’°“√°«π‡¡◊ËÕ„™â°—∫
·À≈àßπÈ”‡¥’¬«°—π®÷ß “¡“√∂‡ª√’¬∫‡∑’¬∫‰¥â‚¥¬æ‘®“√≥“
‡ª√’¬∫‡∑’¬∫®“°§à“ K

OL
a     §à“ K

OL
a ¢Õß·Õ¡‚¡‡π’¬

 ”À√—∫°“√°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°πÈ”‚¥¬«‘∏’°“√„™â≈¡
‡ªÉ“‡ª√’¬∫‡∑’¬∫°—∫«‘∏’°“√°«π ¥—ß· ¥ß„π Table 7

Table 7. The comparison between K
OL

a for volatilization of ammonia by using

wind speed and agitation methods.

Wind Agitation

Wind Speed, R
e10cm×××××10-4 K

OL
a×××××106 Agitation speed R

e×××××10-4 K
OL

a×××××106

U
10cm

 (m/s) (-) (m3/s) (RPM) (-) (m3/s)

0.00 0.00 1.00 0 0.00 0.23
0.46 11.73 3.53 50 2.11 0.25
1.52 38.76 6.17 150 6.36 0.49
2.58 65.79 7.03 250 10.56 1.01
3.37 85.94 11.59 400 16.90 1.50
4.21 107.36 12.97
4.80 122.40 17.14



Songklanakarin J. Sci. Technol.

Vol.27  No.1  Jan. - Feb. 2005 76

Ammonia removal from water

Bunyakan, C., et al.

®“° Table 7 °“√°«π¢Õß‡À≈«¥â«¬§«“¡‡√Á«√Õ∫
 Ÿß ÿ¥∑’Ë»÷°…“§◊Õ 400 √Õ∫/π“∑’ ´÷Ëß„Àâ§à“µ—«‡≈¢‡√‚π≈å¥∑’Ë
 Õ¥§≈âÕß°—∫§«“¡‡√Á«√Õ∫¥—ß°≈à“«‡∑à“°—∫ 1.69×105 · ¥ß
«à“√–∫∫¡’§«“¡ªíòπªÉ«π„π√–¥—∫ Ÿß¡“°‡π◊ËÕß®“°‚¥¬∑—Ë«‰ª
 ”À√—∫°“√°«π¢Õß‡À≈«π—Èπ¢Õß‡À≈«¿“¬„π√–∫∫®–‡√‘Ë¡
¡’√Ÿª·∫∫°“√‰À≈·∫∫ªíòπªÉ«π‡¡◊ËÕµ—«‡≈¢‡√‚π≈å¥  ¡’§à“
ª√–¡“≥ 1×103 ‡∑à“π—Èπ  Õ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
§à“ K

OL
a ∑’Ë«—¥‰¥â®“°°“√°«π¢Õß‡À≈«¥â«¬§«“¡‡√Á«√Õ∫

¥—ß°≈à“«°—∫§à“ K
OL

a ∑’Ë‰¥â®“°«‘∏’°“√„™â≈¡‡ªÉ“ æ∫«à“°“√
°«π¥â«¬§«“¡‡√Á«√Õ∫ 400 √Õ∫/π“∑’ π—Èπ „Àâ§à“ K

OL
a

µË”°«à“°“√„™â≈¡‡ªÉ“¥â«¬§«“¡‡√Á«≈¡µË” ÿ¥∑’Ë»÷°…“§◊Õ 0.46

‡¡µ√/«‘π“∑’ ∂÷ßª√–¡“≥ 2.4 ‡∑à“ ·≈–‡¡◊ËÕæ‘®“√≥“®“°
·π«‚πâ¡¢Õß¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√∑¥≈Õß æ∫«à“‚Õ°“ ∑’Ë®–
∑”°“√°«π¢Õß‡À≈«‡æ◊ËÕ„Àâ‰¥â§à“ K

OL
a  Ÿß°«à“À√◊Õ‡∑à“°—∫

«‘∏’°“√„™â≈¡‡ªÉ“‡ªìπ‰ª‰¥â¬“°¡“° ∂â“∑”‰¥â°ÁµâÕß„™âæ≈—ßß“π
 Ÿß°«à“‡ªìπÕ¬à“ß¡“°  ®“°°“√»÷°…“π’È “¡“√∂ √ÿª‰¥â«à“
°“√„™â≈¡‡ªÉ“‡ªìπ«‘∏’°“√∑’Ë°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°πÈ”‰¥â
¥’°«à“«‘∏’°“√°«π ®÷ß “¡“√∂π”‰ªª√–¬ÿ°µå„™â‡æ◊ËÕ°”®—¥
·Õ¡‚¡‡π’¬ÕÕ°®“°À“ßπÈ”¬“ß·∑π«‘∏’°“√°«π‰¥â

‚¥¬·π«∑“ß∑’Ë‡À¡“– ¡ ”À√—∫°“√„™â≈¡‡ªÉ“∫πº‘«
Àπâ“¢ÕßÀ“ßπÈ”¬“ß‡æ◊ËÕ‰≈à·Õ¡‚¡‡π’¬π—Èπ “¡“√∂¥”‡π‘π°“√
‰¥â‚¥¬°“√π”°√–· ≈¡√âÕπ∑’Ë∂Ÿ°ª≈àÕ¬∑‘Èß®“°ª≈àÕß¢Õß
‡µ“Õ∫¬“ß¡“ª≈àÕ¬‡¢â“‰ª„π√“ß àßÀ“ßπÈ”¬“ß∑’ËµâÕß∑”‡ªìπ
√“ßªî¥ ·≈–ª≈àÕ¬°√–· ≈¡ÕÕ°∑’Ëª≈“¬Õ’°¥â“πÀπ÷Ëß¢Õß
√“ß ÷́ËßÕ“®µàÕ‡™◊ËÕ¡Õ¬Ÿà°—∫√–∫∫¥—°®—∫·Õ¡‚¡‡π’¬®“°Õ“°“»
°àÕπª≈àÕ¬∑‘Èß Ÿà∫√√¬“°“»µàÕ‰ª ·π«∑“ß°“√ª√–¬ÿ°µå„™â
°√–· ≈¡®“°ª≈àÕß¢Õß‡µ“Õ∫¬“ß‡æ◊ËÕ‰≈à·Õ¡‚¡‡π’¬ÕÕ°
®“°À“ßπÈ”¬“ßπ’ÈπÕ°®“°®–°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°À“ß
πÈ”¬“ß‰¥â·≈â«¬—ß “¡“√∂√—°…“ ‘Ëß·«¥≈âÕ¡‰¥âÕ’°¥â«¬‡æ√“–
‡ªìπ°“√π”æ≈—ßß“π∑’Ëª≈àÕ¬∑‘Èß¡“„™âª√–‚¬™πå ·≈–°“√
°”®—¥·Õ¡‚¡‡π’¬‚¥¬„Àâ·Õ¡‚¡‡π’¬√–‡À¬„π√“ßªî¥·≈–
ª≈àÕ¬Õ“°“»‡ ’¬ Ÿà√–∫∫∫”∫—¥∑’Ë‡À¡“– ¡®–™à«¬≈¥¡≈¿“«–
∑“ßÕ“°“»∑—Èß¿“¬„π‚√ßß“π·≈–„π∫√√¬“°“»‚¥¬∑—Ë«‰ª‰¥â

 √ÿªº≈°“√∑¥≈Õß

®“°°“√»÷°…“º≈¢Õß°“√„™â≈¡‡ªÉ“·≈–º≈¢Õß°“√
°«πµàÕ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡·≈–Õ—µ√“°“√

°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”„π™ÿ¥∑¥≈Õß¢π“¥µâπ·∫∫ æ∫«à“
 —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬·≈–Õ—µ√“
°“√°”®—¥·Õ¡‚¡‡π’¬®“°πÈ”·ª√º—πµ√ß°—∫µ—«‡≈¢‡√‚π≈¥å
„π∑—Èß Õß√–∫∫∑’Ë»÷°…“ Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“
K

OL
a ∑’Ë«—¥‰¥â®“°∑—Èß Õß«‘∏’„π™à«ß¢Õß§«“¡‡√Á«≈¡·≈–™à«ß

¢Õß§«“¡‡√Á«√Õ∫„π°“√°«π∑’Ë»÷°…“ æ∫«à“°“√„™â≈¡‡ªÉ“
„Àâ§à“ K

OL
a  Ÿß°«à“«‘∏’°“√°«πÕ¬à“ß¡’π—¬ ”§—≠ ·≈–‡¡◊ËÕ

æ‘®“√≥“®“°·π«‚πâ¡¢Õß¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√∑¥≈Õßæ∫«à“
‚Õ°“ ∑’Ë®–∑”°“√°«π¢Õß‡À≈«‡æ◊ËÕ„Àâ‰¥â§à“ K

OL
a  Ÿß°«à“

À√◊Õ‡∑à“°—∫«‘∏’°“√„™â≈¡‡ªÉ“‡ªìπ‰ª‰¥â¬“°¡“°∂â“∑”‰¥â°ÁµâÕß
„™âæ≈—ßß“π Ÿß°«à“‡ªìπÕ¬à“ß¡“° ®“°°“√»÷°…“π’È “¡“√∂
 √ÿª‰¥â«à“°“√„™â≈¡‡ªÉ“‡ªìπ«‘∏’°“√∑’Ë°”®—¥·Õ¡‚¡‡π’¬ÕÕ°
®“°πÈ”‰¥â¥’°«à“«‘∏’°“√°«π¡“° ®÷ß “¡“√∂π”‰ªª√–¬ÿ°µå
„™â‡æ◊ËÕ°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°À“ßπÈ”¬“ß·∑π«‘∏’°“√°«π
‰¥â πÕ°®“°π’È·≈â«§«“¡ —¡æ—π∏å√–À«à“ß —¡ª√– ‘∑∏‘Ï°“√
∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬°—∫µ—«‡≈¢‡√‚π≈¥å∑’Ë‰¥â®“°
°“√»÷°…“π’È¬—ß “¡“√∂„™âÀ“Õ—µ√“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬
®“°πÈ”‡π◊ËÕßº≈¢Õß§«“¡‡√Á«≈¡·≈–º≈¢Õß°“√°«πº ¡‰¥â

°‘µµ‘°√√¡ª√–°“»

°“√»÷°…“π’È‡ªìπ à«πÀπ÷Ëß¢Õßß“π«‘®—¬∑’Ë‰¥â√—∫∑ÿπ
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