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Abstract
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Simple model for the prediction of ammonia volatilization from water basin:

effect of water temperature and pH
Songklanakarin J. Sci. Technol., 2004, 26(2) : 233-243

Ammonia is a primary chemical used for preserving rubber latex. Consequently, the wastewater from

concentrated rubber latex processing contains high ammonia concentration. The volatilization of ammonia

from such wastewater may cause an air pollution problem such as the formation of an acid rain or an aerosol

of ammonium nitrate and ammonium sulfate, which can seriously affect environment and human being. To

assess the air pollution problem regarding atmospheric ammonia volatized from wastewater, the model for

the prediction of ammonia volatilization rate and flux is therefore desirable. The purposes of this study were
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Simple model for the prediction of ammonia vilatilization
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to investigate the effects of water temperature and pH on ammonia volatilization process and to develop a

model to describe ammonia volatilization rate and flux including such effects.

Ammonia volatilization from water was studied by using a volatilization tank (surface area = 780 cm2,

volume = 7 L) placed in a water bath in order to control the water temperature. The temperature and pH in

the range of 25 to 50ºC and 5 to 11 were respectively investigated. The overall mass transfer coefficients of

ammonia were measured as a function of temperature and pH. The quadratic multiple regression technique

was used to obtain the model for mass transfer coefficient from experimental data. The model suggests that

the overall mass transfer coefficient of ammonia increases with increasing water temperature and pH while

the temperature-pH interaction retards the increasing characteristic of mass transfer coefficient. Thus the

increasing in mass transfer coefficient at higher temperature and pH was slower than that at the lower one.

The simple model for the prediction of ammonia volatilization rate and flux was developed based on mass

transfer theory and mass transfer coefficient model obtained from this study. This simple ammonia emission

model can be used to predict ammonia volatilization rate and flux at any pH, water temperature and ammo-

nia concentration in water.

Key words : ammonia, volatilization, mass transfer coefficient, air pollution
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ª√– ß§å‡æ◊ËÕ»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘·≈– pH µàÕ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈¢Õß·Õ¡‚¡‡π’¬®“°πÈ”·≈–æ—≤π“·∫∫
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2
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∑’Ë«“ßÕ¬Ÿà„πÕà“ß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ pH ∑’Ë»÷°…“Õ¬Ÿà„π™à«ß 5-11 Õÿ≥À¿Ÿ¡‘∑’Ë»÷°…“Õ¬Ÿà„π™à«ß 25-50
o
C ®“°º≈°“√∑¥≈Õß
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·Õ¡‚¡‡π’¬‡ªìπ “√‡§¡’∑’Ë„™â¡“°„πÕÿµ “À°√√¡
πÈ”¬“ß¢âπ ‚¥¬„™â‡ªìπ “√‡§¡’ ”À√—∫√—°…“§ÿ≥¿“æπÈ”¬“ß
„ππÈ”¬“ß∑’Ë¡’·Õ¡‚¡‡π’¬ ŸßøÕ ‚ø‰≈ªî¥®–∂Ÿ°‰Œ‚¥√‰≈ ‘́ 
„Àâ°√¥‰¢¡—π∑’Ë¡’ “¬‚´à¬“«´÷Ëß®–√«¡µ—«°—∫·Õ¡‚¡‡π’¬
°≈“¬‡ªìπ ∫Ÿà∑”„ÀâπÈ”¬“ß¡’§«“¡‡ ∂’¬√‰¡à‡πà“∫Ÿ¥À√◊Õ‡°‘¥
°“√®—∫µ—«‡ªìπ°âÕπ ¥—ßπ—Èπ„π°“√º≈‘µπÈ”¬“ß¢âπ®÷ßµâÕß‡µ‘¡
·Õ¡‚¡‡π’¬≈ß„ππÈ”¬“ß ¥´÷Ëß‡ªìπ«—µ∂ÿ¥‘∫·≈–„ππÈ”¬“ß¢âπ
´÷Ëß‡ªìπº≈‘µ¿—≥±å„πª√‘¡“≥ 0.4 ·≈– 0.6% ‚¥¬πÈ”Àπ—°
µ“¡≈”¥—∫  Õ—µ√“°“√„™â·Õ¡‚¡‡π’¬„π‚√ßß“ππÈ”¬“ß¢âπ„π
¿“§„µâ¢Õßª√–‡∑»‰∑¬‚¥¬‡©≈’Ë¬‡∑à“°—∫ 15.22 °°/µ—π
πÈ”¬“ß¢âπ ( ¡∑‘æ¬å ·≈–§≥–, 2545)  º≈®“°°“√„™â
·Õ¡‚¡‡π’¬„π‚√ßß“ππÈ”¬“ß¢âπ·≈–º≈®“°°“√∑’Ë¬“ß¡’
‚ª√µ’π‡ªìπ à«πª√–°Õ∫´÷Ëß “¡“√∂‡ª≈’Ë¬π√Ÿª‰ª‡ªìπ
·Õ¡‚¡‡π’¬‰¥âπ—Èπ ∑”„ÀâπÈ”‡ ’¬¢Õß‚√ßß“ππÈ”¬“ß¢âπ¡’
·Õ¡‚¡‡π’¬‰π‚µ√‡®π Ÿß (Maheswaran and John, 1991)

®“°°“√»÷°…“§ÿ≥ ¡∫—µ‘¢ÕßπÈ”‡ ’¬®“°‚√ßß“ππÈ”¬“ß¢âπ
„π¿“§„µâ¢Õßª√–‡∑»‰∑¬æ∫«à“¡’§«“¡ °ª√°„π‡∑Õ¡¢Õß
Total Kjeldahl Nitrogen (TKN)  Ÿß‚¥¬¡’§à“‡©≈’Ë¬ Ÿß°«à“
600 ¡°./≈. (Õ“¿√≥å, 2541;  ¡∑‘æ¬å ·≈–§≥–, 2545)

º≈®“°∑’Ë¡’·Õ¡‚¡‡π’¬ªπ‡ªóôÕπ„ππÈ”‡ ’¬πÕ°®“°®– àßº≈
°√–∑∫µàÕ√–∫∫∫”∫—¥πÈ”‡ ’¬‚¥¬µ√ß·≈â«  ·Õ¡‚¡‡π’¬„π
πÈ”‡ ’¬Õ“®√–‡À¬ Ÿà∫√√¬“°“»·≈–À√◊Õ∂à“¬‚Õπ‰ª Ÿà·À≈àßπÈ”
µ“¡∏√√¡™“µ‘´÷Ëß°àÕ„Àâ‡°‘¥¡≈¿“«–∑“ßÕ“°“»·≈–¡≈¿“«–
∑“ßπÈ”‰¥â  ß“π«‘®—¬π’È„Àâ§«“¡ ”§—≠°—∫ªí≠À“°“√√–‡À¬
¢Õß·Õ¡‚¡‡π’¬ Ÿà∫√√¬“°“»‡æ√“–°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬
 Ÿà∫√√¬“°“»πÕ°®“°®–∑”„Àâ‡°‘¥ªí≠À“¢Õß°≈‘Ëπ∑’Ë √â“ß
§«“¡√”§“≠„Àâ°—∫™ÿ¡™π·≈â«·°ä ·Õ¡‚¡‡π’¬„π∫√√¬“°“»
¬—ß “¡“√∂∑”ªØ‘°‘√‘¬“°—∫ÕÕ°‰´¥å¢Õß‰π‚µ√‡®π·≈–
´—≈‡øÕ√å‡°‘¥‡ªìπ·Õ√å‚√´Õ≈¢Õß·Õ¡‚¡‡π’¬‰π‡µ√µÀ√◊Õ
·Õ¡‚¡‡π’¬¡ —́≈‡øµ‰¥â ·Õ√å‚√´Õ≈∑’Ë‡°‘¥®“°·°Á ·Õ¡‚¡‡π’¬
‡ªìπ à«πª√–°Õ∫∑’Ë ”§—≠¢Õß PM

2.5
 „π À√—∞Õ‡¡√‘°“¡’

√“¬ß“π«à“ª√–¡“≥ 47% ‚¥¬¡«≈¢Õß PM
2.5

 ‡ªìπ·Õ¡-
‚¡‡π’¬¡ —́≈‡øµ∑’Ë‡°‘¥®“°°“√ª≈àÕ¬·Õ¡‚¡‡π’¬ Ÿà∫√√¬“°“»
°“√ªÑÕß°—πªí≠À“¥—ß°≈à“« “¡“√∂∑”‰¥â‚¥¬°“√≈¥ª√‘¡“≥
¢Õß·Õ¡‚¡‡π’¬∑’Ëª≈àÕ¬®“°·À≈àß°”‡π‘¥µà“ßÊ √–∫∫∫”∫—¥
πÈ”‡ ’¬∑’ËπÈ”‡ ’¬¡’§«“¡ °ª√°„π‡∑Õ¡¢Õß·Õ¡‚¡‡π’¬
À√◊Õ TKN  Ÿß‡ªìπ·À≈àß°”‡π‘¥∑’Ë¡’»—°¬¿“æ„π°“√ª≈àÕ¬
·Õ¡‚¡‡π’¬ Ÿà∫√√¬°“»‰¥â ®“°°“√»÷°…“¢Õß Aneja et al.

(2001) ‚¥¬„™â flux chamber ∑”°“√µ√«®«—¥ø≈—°´å¢Õß
·Õ¡‚¡‡π’¬®“°∫àÕ‰√âÕ“°“»¢Õß√–∫∫∫”∫—¥πÈ”‡ ’¬®”π«π
6 ·Ààß æ∫«à“Õ—µ√“°“√ª≈àÕ¬·Õ¡‚¡‡π’¬®“°·À≈àßπÈ”¡’
§«“¡ —¡æ—π∏åÕ¬Ÿà°—∫æ◊Èπ∑’Ë°“√√–‡À¬¢Õß·À≈àßπÈ” Õÿ≥À¿Ÿ¡‘
¢ÕßπÈ” æ’‡Õ™ TKN ·≈–§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„π
·À≈àßπÈ”  Õ¬à“ß‰√°Áµ“¡°“√µ√«®«—¥Õ—µ√“°“√√–‡À¬À√◊Õ
°“√ª≈àÕ¬·Õ¡‚¡‡π’¬®“°πÈ”‚¥¬„™â flux chamber ‡ªìπ
«‘∏’°“√∑’ËµâÕß≈ß∑ÿπ®÷ßÕ“®®–¬—ß‰¡à‡À¡“– ¡°—∫ ∂“π°“√≥å
ªí≠À“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬∑’Ë¬—ß‰¡à√ÿπ·√ß¡“°Õ¬à“ß
∑’Ëæ∫„πª√–‡∑»‰∑¬  Õ¬à“ß‰√°Áµ“¡°Á®”‡ªìπµâÕß¡’«‘∏’°“√
„π°“√À“§à“Õ—µ√“°“√ª≈àÕ¬·Õ¡‚¡‡π’¬®“°·À≈àßπÈ”∑’Ë
‡À¡“– ¡‡æ◊ËÕ„™âª√–‡¡‘π§«“¡√ÿπ·√ß¢Õßªí≠À“„π¢—Èπµâπ‰¥â

∫∑§«“¡π’Èπ”‡ πÕ«‘∏’À“§à“ø≈—°´å°“√√–‡À¬¢Õß
·Õ¡‚¡‡π’¬®“°πÈ”‚¥¬„™â∑ƒ…Ø’∑“ß¥â“π°“√∂à“¬‚Õπ¡«≈
´÷Ëß “¡“√∂ª√–¡“≥‰¥â«à“ø≈—°´å°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬
®“°·À≈àßπÈ”„¥Ê ®–¡’§à“‡∑à“°—∫º≈§Ÿ≥¢Õß —¡ª√– ‘∑∏‘Ï
°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬°—∫§«“¡‡¢â¡¢âπ¢Õß
·Õ¡‚¡‡π’¬„π·À≈àßπÈ”π—Èπ ·≈–‡æ◊ËÕ„Àâ “¡“√∂„™â∑ƒ…Æ’
¥—ß°≈à“«°—∫·À≈àßπÈ”∑’Ë¡’ ¿“«–µà“ßÊ ‰¥â®÷ß®”‡ªìπµâÕß»÷°…“
ªí®®—¬∑’Ë¡’º≈µàÕ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈¢Õß·Õ¡‚¡‡π’¬
®“°πÈ”  «—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬π’È§◊Õ‡æ◊ËÕ»÷°…“º≈¢Õß
Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”·≈–º≈¢Õß pH µàÕ —¡ª√– ‘∑∏‘Ï°“√∂à“¬
‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬®“°πÈ” ·≈–À“§«“¡ —¡æ—π∏å
√–À«à“ß —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬
®“°πÈ”°—∫ªí®®—¬∑’Ë»÷°…“ ´÷ËßπÕ°®“°®–∑”„Àâ¡’§«“¡‡¢â“„®
∂÷ßº≈¢ÕßÕÿ≥À¿Ÿ¡‘¢ÕßπÈ”·≈–º≈¢Õß pH µàÕ —¡ª√– ‘∑∏‘Ï
°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬®“°·À≈àßπÈ”·≈â«
 —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬®“°·À≈àß
πÈ”∑’Ë‰¥â¬—ß “¡“√∂æ—≤π“µàÕ‡ªìπ·∫∫®”≈ÕßÕ¬à“ßßà“¬∑’Ë
 “¡“√∂„™â∑”π“¬Õ—µ√“·≈–ø≈—°´å°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬
®“°·À≈àßπÈ”∑’Ë¡’Õÿ≥¿Ÿ¡‘·≈–æ’‡Õ™„π™à«ß∑’Ë»÷°…“‰¥â

∑ƒ…Æ’·≈–°“√µ√«®‡Õ° “√

º≈¢Õß pH ·≈–Õÿ≥À¿Ÿ¡‘µàÕ°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬

·Õ¡‚¡‡π’¬∑’Ë≈–≈“¬Õ¬Ÿà„ππÈ” “¡“√∂Õ¬Ÿà‰¥â„π√Ÿª
¢Õß·Õ¡‚¡‡π’¬Õ‘ √– NH

3
 À√◊Õ„π√Ÿª¢ÕßÕ‘ÕÕπ NH

4
+

·Õ¡‚¡‡π’¬∑—Èß Õß√Ÿª·∫∫π’È®–Õ¬Ÿà„π ¡¥ÿ≈°—π¥—ß ¡°“√ (1)
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Simple model for the prediction of ammonia vilatilization

Bunyakan, C., et al.

(Folkman and Wachs, 1972)

NH
3

+ H
2
O ⇔ NH

4

+ + OH−        (1)

®ÿ¥ ¡¥ÿ≈∑’Ë ¿“«–„¥Ê ®–∂Ÿ°°”Àπ¥‚¥¬ pH ¥—ß ¡°“√ (2)

f =  
1

1+10 pKa− pH                        (2)

‡¡◊ËÕ f §◊Õ —¥ à«π¢Õß·Õ¡‚¡‡π’¬∑’ËÕ¬Ÿà„π√Ÿª¢Õß·Õ¡‚¡‡π’¬
Õ‘ √– ·≈– pKa §◊Õ§à“§ß∑’Ë ¡¥ÿ≈¢Õß°√¥‚¥¬§à“ pKa ®–
¢÷ÈπÕ¬Ÿà°—∫Õÿ≥À¿Ÿ¡‘¥—ß· ¥ß„π ¡°“√ (3) (Aquatext, 2003)

pKa = 0.09018 +
2729.92

T + 273
          (3)

‡¡◊ËÕ T §◊Õ Õÿ≥À¿Ÿ¡‘ (ºC) √«¡ ¡°“√ (2) ·≈– (3) ®–‰¥â

f =  
1

1+10
(0.09018+ 2729.92

T +273 pH)        (4)

®“° ¡°“√ (4) ®÷ß‡ÀÁπ‰¥âÕ¬à“ß™—¥‡®π«à“∑—ÈßÕÿ≥¿Ÿ¡‘·≈– pH

¡’º≈µàÕ§à“¢Õß f ¥—ßπ—Èπ∑—ÈßÕÿ≥¿Ÿ¡‘·≈– pH ®÷ß¡’º≈µàÕÕ—µ√“
·≈–ø≈—°´å°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°·À≈àßπÈ”

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

·≈–°“√À“§à“Õ—µ√“·≈–ø≈—°´å°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬

®“°πÈ”

„π™à«ßÕÿ≥À¿Ÿ¡‘∑’Ë»÷°…“§◊Õ 25-50ºC ·Õ¡‚¡‡π’¬¡’
§à“§ß∑’Ë¢Õß‡Œπ√’Ë‡∑à“°—∫ 1.77×10-5 atm m3 mol-1 ∑’Ë 25ºC

·≈–‡∑à“°—∫ 6.59×10-5 atm m3 mol-1 ∑’Ë 50ºC · ¥ß«à“
µ≈Õ¥™à«ß¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë»÷°…“∑—Èßøî≈å¡·°Á ·≈–øî≈å¡
¢Õß‡À≈«¡’º≈µàÕ°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”Õ¬à“ß¡’
π—¬ ”§—≠ ¥—ßπ—Èπ√Ÿª·∫∫¢Õß —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈
¢Õß·Õ¡‚¡‡π’¬®“°πÈ”∑’Ë “¡“√∂«—¥‰¥â‚¥¬µ√ß®“°°“√
∑¥≈Õß§◊Õ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡ (overall mass

transfer coefficient, K
OL

a)  ´÷Ëß “¡“√∂À“§à“‰¥â‚¥¬„™â
∑ƒ…Æ’øî≈å¡ ®“°∑ƒ…Æ’øî≈å¡ø≈—°´å°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬
®–·ª√º—πµ√ß°—∫§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„ππÈ”¥—ß
 ¡°“√ (5)

N
NH3

= K
OL

C
NH3

(5)

‡¡◊ËÕ N
NH3

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

s-1 m-2) K
OL

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

·≈– C
NH3

 §◊Õ§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬Õ‘ √–„ππÈ” (mol

m-3) „π∑“ßªØ‘∫—µ‘°“√«—¥§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„ππÈ”
®–π‘¬¡«—¥„π√Ÿª¢Õß§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬ C

t

÷́Ëß‡ªìπ§«“¡‡¢â¡¢âπ∑’Ë‰¥â®“°°“√§‘¥√«¡∑—Èß·Õ¡‚¡‡π’¬„π√Ÿª
NH

3
 ·≈– NH

4
+  ¡°“√ (5) ®÷ß “¡“√∂‡¢’¬π„À¡à„π√Ÿª

¢ÕßÕ—µ√“°“√√–‡À¬·≈–§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬
‰¥â¥—ß ¡°“√ (6)

R
NH3

= K
OL

afC
t (6)

‡¡◊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·Õ¡‚¡‡π’¬Õ‘ √–„ππÈ”´÷Ëß¢÷ÈπÕ¬Ÿà°—∫
Õÿ≥À¿Ÿ¡‘·≈– pH µ“¡ ¡°“√ (4)  ‡∑Õ¡¥â“π´â“¬¡◊Õ¢Õß
 ¡°“√ (6)  “¡“√∂À“§à“‰¥â®“°°“√∑”¥ÿ≈¡«≈¢Õß
·Õ¡‚¡‡π’¬‚¥¬æ‘®“√≥“«à“·À≈àßπÈ”¡’°“√º ¡°—πÕ¬à“ß
 ¡∫Ÿ√≥å®÷ß‰¡à¡’‡°√‡¥’¬π¢ÕßÕÿ≥À¿Ÿ¡‘·≈–§«“¡‡¢â¡¢âπ ·≈–
·Õ¡‚¡‡π’¬À“¬‰ª®“°√–∫∫‰¥â‚¥¬°≈‰°°“√√–‡À¬‡∑à“π—Èπ
¥—ßπ—ÈπÕ—µ√“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”§◊Õ

R
NH3

= −Vf
dC

t

dt
(7)

‡¡◊ËÕ V §◊Õª√‘¡“µ√¢Õß·À≈àßπÈ”∑’Ë¡’·Õ¡‚¡‡π’¬≈–≈“¬Õ¬Ÿà
(m3)  t §◊Õ‡«≈“∑’Ë„™â„π°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬ (s) √«¡
 ¡°“√ (6) ·≈– (7) ‡¢â“¥â«¬°—π·≈–Õ‘π∑‘‡°√µ®“°‡«≈“
‡√‘Ë¡µâπ t

0
 ∂÷ß‡«≈“„¥Ê t ∑’Ë∑”„Àâ§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬

„ππÈ”≈¥≈ß®“° C
t0
 ‡ªìπ C

t
 ®–‰¥â

ln
C

t

C
t0

=
−K

OL
a

V
t (8)

®“° ¡°“√ (7)  K
OL

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

t
/C

t0
) °—∫ t §◊Õ



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 26 ©∫—∫∑’Ë 2 ¡’.§.-‡¡.¬. 2547
·∫∫®”≈ÕßÕ¬à“ßßà“¬ ”À√—∫∑”π“¬°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬

®√—≠  ∫ÿ≠°“≠®πå ·≈–§≥–237

K
OL

a = −VS (9)

‡¡◊ËÕ  S  §◊Õ§«“¡™—π¢Õß°√“ø  ‡¡◊ËÕ∑√“∫§à“  K
OL

a  °Á®–
 “¡“√∂À“§à“Õ—µ√“·≈–ø≈—°´å°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬
®“°·À≈àßπÈ”„¥Ê ∑’Ë π„®‰¥â¥—ß ¡°“√ (10) ·≈– (11) µ“¡
≈”¥—∫

R
NH3

=
K

OL
aC

t

1+10
(0.09018+ 2729.92

T +273 − pH) (10)

·≈–ø≈—°´å°“√√–‡À¬§◊ÕÕ—µ√“°“√√–‡À¬µàÕæ◊Èπ∑’Ë¢Õß°“√
√–‡À¬¥—ßπ—Èπ

N
NH3

=
R

NH3

A
=

K
OL

aC
t

A[1+10
(0.09018+ 2729.92

T +273 − pH)
]

(11)

‡¡◊ËÕ A §◊Õæ◊Èπ∑’Ëº‘«¢Õß°“√√–‡À¬ (m2) ®“° ¡°“√ (10)

·≈– (11)   ∂â“∑√“∫§«“¡ —¡æ—π∏å√–À«à“ß K
OL

a ¢Õß
·Õ¡‚¡‡π’¬°—∫Õÿ≥À¿Ÿ¡‘·≈– pH °Á®– “¡“√∂À“§à“Õ—µ√“
·≈–ø≈—°´å°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°·À≈àßπÈ”∑’ËÕÿ≥À¿Ÿ¡‘
·≈– pH „¥Ê ∑’Ë π„®‰¥â

Õÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß

°“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘·≈– pH µàÕ°“√√–‡À¬¢Õß
·Õ¡‚¡‡π’¬®“°πÈ”∑”‚¥¬»÷°…“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬

®“°πÈ”„π∂—ß√–‡À¬∑’Ë¡’æ◊Èπ∑’Ë°“√√–‡À¬‡∑à“°—∫ 780 ´¡2

´÷Ëß«“ßÕ¬Ÿà„πÕà“ß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ ª√‘¡“µ√¢Õß “√≈–≈“¬
·Õ¡‚¡‡π’¬„π∂—ß√–‡À¬‡∑à“°—∫ 7 ≈‘µ√ Õÿ≥À¿Ÿ¡‘¢Õß “√
≈–≈“¬·Õ¡‚¡‡π’¬„π∂—ß√–‡À¬§«∫§ÿ¡„Àâ§ß∑’Ë‚¥¬°“√§«∫§ÿ¡
Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”„πÕà“ß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ ‡π◊ËÕß®“°ª√‘¡“µ√
¢Õß “√≈–≈“¬¢Õß·Õ¡‚¡‡π’¬„πÕà“ß√–‡À¬®¡Õ¬Ÿà„ππÈ”
¿“¬„πÕà“ß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘∑”„ÀâÕÿ≥À¿Ÿ¡‘¢Õß “√≈–≈“¬
·Õ¡‚¡‡π’¬„πÕà“ß√–‡À¬¡’§à“ ¡Ë”‡ ¡Õ‡∑à“°—π∑—Ë«∑—Èß∂—ß
Õÿ≥À¿Ÿ¡‘¢Õß “√≈–≈“¬·Õ¡‚¡‡π’¬·≈– pH ∑’Ë»÷°…“Õ¬Ÿà„π
™à«ß 25-50ºC ·≈– 5-11 µ“¡≈”¥—∫ °“√∑¥≈Õß∑’Ë ¿“«–
µà“ßÊ ®–‡√‘Ë¡¥â«¬°“√‡µ√’¬¡ “√≈–≈“¬·Õ¡‚¡‡π’¬‚¥¬°“√
≈–≈“¬·Õ¡‚¡‡π’¬¡§≈Õ‰√¥å„ππÈ”ª√‘¡“µ√ 7 ≈‘µ√ „Àâ¡’
§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬µ“¡µâÕß°“√ (§«“¡‡¢â¡¢âπ
√«¡¢Õß·Õ¡‚¡‡π’¬∑’Ë ¿“«–‡√‘Ë¡µâπÕ¬Ÿà„π™à«ß 160-180

¡°./≈.) ‡µ‘¡ “√≈–≈“¬¥—ß°≈à“«≈ß„πÕà“ß√–‡À¬∑’Ë„™â»÷°…“
∑”°“√ª√—∫ pH ¢Õß “√≈–≈“¬·Õ¡‚¡‡π’¬„Àâ¡’§à“µ“¡
µâÕß°“√‚¥¬„™â “√≈–≈“¬ HCl 0.1 N ·≈– NaOH 0.1 N

‡ªìπ “√≈–≈“¬ ”À√—∫°“√ª√—∫ pH ‡√‘Ë¡µâπ·≈–§«∫§ÿ¡
pH „π√–À«à“ß∑¥≈Õß„Àâ¡’§à“µ“¡µâÕß°“√ ª√—∫Õÿ≥À¿Ÿ¡‘
¢Õß “√≈–≈“¬„π∂—ß√–‡À¬„Àâ‰¥âµ“¡µâÕß°“√  ¿“«–°“√
∑¥≈Õß¢Õß·µà≈–°“√∑¥≈Õß· ¥ß‰«â„π Table 1

®“°π—Èπ®÷ß‡√‘Ë¡°“√∑¥≈Õß‚¥¬∫—π∑÷°‡«≈“‡√‘Ë¡µâπ·≈–
‡°Á∫µ—«Õ¬à“ß “√≈–≈“¬‡æ◊ËÕ«‘‡§√“–Àå§«“¡‡¢â¡¢âπ√«¡¢Õß
·Õ¡‚¡‡π’¬∑’Ë ¿“«–‡√‘Ë¡µâπ®“°π—Èπ®÷ßª≈àÕ¬„Àâ·Õ¡‚¡‡π’¬

Table 1. Experimental conditions for studying the influence of

pH and temperature on ammonia volatilization rate

Run No. T
water

 (ºC) pH Initial concentration of

ammonia in water (mg L-1)

1 26±1 5 164
2 26±1 7 170
3 26±1 9 175
4 26±1 11 175
5 25±1 5.8 164
6 40±1 5.8 163
7 45±1 5.8 163
8 50±1 5.8 160
9 25±1 11 175

10 40±1 11 182
11 45±1 11 183
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Bunyakan, C., et al.

√–‡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 ‚¥¬„π
√–À«à“ß°“√∑¥≈Õß∑”°“√µ√«®«—¥Õÿ≥À¿Ÿ¡‘·≈– pH ¢Õß
 “√≈–≈“¬∑ÿ°§√—Èß∑’Ë‡°Á∫µ—«Õ¬à“ß·≈–∑”°“√ª√—∫ pH ¢Õß
 “√≈–≈“¬·Õ¡‚¡‡π’¬„πÕà“ß√–‡À¬¥â«¬ “√≈–≈“¬ HCl

0.1 N ·≈– NaOH 0.1 N ·≈â«·µà°√≥’  ¥—ßπ—Èπ∑—ÈßÕÿ≥À¿Ÿ¡‘
·≈– pH ®÷ß¡’§à“§ß∑’Ëµ≈Õ¥‡«≈“ ‚¥¬¡’§à“§«“¡·µ°µà“ß
¢ÕßÕÿ≥À¿Ÿ¡‘·≈– pH „π√–À«à“ß°“√∑¥≈Õß‰¡à‡°‘π ±1ºC

·≈– ±0.2 µ“¡≈”¥—∫ °“√«‘‡§√“–Àå§«“¡‡¢â¡¢âπ√«¡¢Õß
·Õ¡‚¡‡π’¬„ππÈ”  „™â«‘∏’  Phenate  method  (APHA,

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

regression)

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

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

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

K
OL 

a  ‰¥â®“°°“√«—¥§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬„π
πÈ”∑’Ë‡«≈“µà“ßÊ  ·≈â«∑”°“√·ª≈º≈®“°¢âÕ¡Ÿ≈¢Õß§«“¡
‡¢â¡¢âπ‡ªìπ§à“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡‚¥¬„™â∑ƒ…Æ’
·≈– ¡¡ÿµ‘∞“π∑’ËÕ∏‘∫“¬¥â«¬ ¡°“√ (5) ∂÷ß ¡°“√ (9)

≈—°…≥–∑—Ë«‰ª¢Õß°√“ø∑’Ëæ≈ÁÕµ√–À«à“ß ln(C
t
/C

t0
) °—∫ t

µ“¡ ¡°“√ (8) · ¥ß¥—ß Figure 1 ®“°√Ÿª¥—ß°≈à“«æ∫«à“
§«“¡ —¡æ—π∏å√–À«à“ß ln(C

t
/C

t0
) °—∫ t ¡’§«“¡‡ªìπ‡™‘ß‡ âπ

 Ÿß (R2 > 0.95)  Õ¥§≈âÕß°—∫∑ƒ…Æ’∑’Ë°≈à“«‰«â„πµÕπµâπ
¥—ßπ—Èπ°“√«‘‡§√“–ÀåÀ“§à“ K

OL
a ¿“¬„µâ∑ƒ…Æ’·≈– ¡¡µ‘-

∞“π∑’Ë· ¥ß¥â«¬ ¡°“√ (5) ∂÷ß ¡°“√ (9) ®÷ß¡’§«“¡πà“
‡™◊ËÕ∂◊Õ Ÿß §à“ K

OL
a ∑’Ë‰¥â®“°°“√∑¥≈Õß∑’Ë ¿“«–µà“ßÊ

· ¥ß„π Table 2 °“√Õ∏‘∫“¬º≈¢Õß·µà≈–µ—«·ª√∑’Ë»÷°…“
µàÕ§à“ K

OL
a °≈à“«∂÷ß„πÀ—«¢âÕ∂—¥‰ª

º≈¢Õß pH µàÕ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß

·Õ¡‚¡‡π’¬

º≈¢Õß pH µàÕ K
OL

a · ¥ß„π Figure 2 ®–‡ÀÁπ
‰¥â«à“ K

OL
a ¡’§à“¡“°¢÷Èπµ“¡ pH ∑’Ë Ÿß¢÷Èπ ∑—Èßπ’È‡æ√“– pH

‡ªìπµ—«§«∫§ÿ¡ ¡¥ÿ≈¢ÕßªØ‘°‘√‘¬“√–À«à“ß NH
3
 ·≈– NH

4
+

¥—ß· ¥ß„π ¡°“√ (1)  ®“° ¡°“√ (1) °“√‡æ‘Ë¡ pH ®–
‡ªìπ°“√‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß‰Œ¥√Õ°‰´¥åÕ‘ÕÕπ (OH-

)

¥—ßπ—Èπ ¡¥ÿ≈¢ÕßªØ‘°‘√‘¬“®–‡≈◊ËÕπ‰ª∑“ß´â“¬∑”„Àâ¡’ NH
3

‡æ‘Ë¡¢÷Èπ  —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬
®÷ß Ÿß¢÷Èπµ“¡ pH  º≈°“√∑¥≈Õß∑’Ë· ¥ß„π Figure 2 ¬—ß
· ¥ß„Àâ‡ÀÁπ«à“°“√‡æ‘Ë¡¢Õß pH „π™à«ß 5-8 ¡’º≈µàÕ K

OL
a

Figure 1. Typical plot of ln(C
t
/C

t0
) versus t at

various pH (T = 26±1ºC)

Figure 2. Effect of pH on overall mass transfer

coefficient for volatilization of ammo-

nia from water at 25ºC
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¡“°«à“°“√‡æ‘Ë¡¢÷Èπ¢Õß pH „π™à«ß 8-11 Õ∏‘∫“¬‰¥â«à“ ∑’Ë
pH  Ÿß°«à“ 8 ·Õ¡‚¡‡π’¬ à«π„À≠à®–‡ª≈’Ë¬π‰ªÕ¬Ÿà„π√Ÿª
¢Õß NH

3
 ‡°◊Õ∫∑—ÈßÀ¡¥º≈¢Õß pH µàÕ K

OL
a ®÷ßπâÕ¬≈ß

‡¡◊ËÕ‡∑’¬∫°—∫°“√‡æ‘Ë¡¢Õß pH „π™à«ß®“° 5-8 ´÷Ëß¡’‡ª≈’Ë¬π
√Ÿª¢Õß·Õ¡‚¡‡π’¬®“°  NH

4
+  ‰ª‡ªìπ  NH

3
  Õ¬à“ß¡’π—¬

 ”§—≠∑”„Àâ‡ÀÁπº≈¢Õß pH µàÕ K
OL

a Õ¬à“ß™—¥‡®π °“√
‡æ‘Ë¡¢Õß K

OL
a °—∫ pH ∑’Ë‰¥â®“°°“√∑¥≈Õßπ’È„Àâº≈∑’Ë Õ¥

§≈âÕß°—∫°“√‡æ‘Ë¡¢÷Èπ¢Õß —¥ à«π¢Õß·Õ¡‚¡‡π’¬Õ‘ √– (f)

°—∫ pH ∑’Ë∑”π“¬‚¥¬ ¡°“√ (4) ®“° ¡°“√ (4) ‡¡◊ËÕ·∑π
§à“Õÿ≥À¿Ÿ¡‘·≈– pH ≈ß„π ¡°“√°Á®– “¡“√∂∑”π“¬ f ∑’Ë
pH µà“ßÊ ‰¥â ¥—ß· ¥ß„π Figure 3  ´÷Ëß®–‡ÀÁπ‰¥â«à“ f

·ª√‡ª≈’Ë¬π°—∫ pH Õ¬à“ß¡’π—¬ ”§—≠°—∫‡¡◊ËÕ pH πâÕ¬°«à“
À√◊Õ‡∑à“°—∫ 8 ·≈– f ‡ª≈’Ë¬π·ª≈ß°—∫ pH πâÕ¬¡“°‡¡◊ËÕ
pH  Ÿß°«à“ 8 ´÷Ëß„Àâº≈ Õ¥§≈âÕß„π°“√·ª√‡ª≈’Ë¬π¢Õß

K
OL

a °—∫ pH ∑’Ë‰¥â®“°°“√»÷°…“π’È

º≈¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß

·Õ¡‚¡‡π’¬

º≈¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ K
OL

a ¢Õß·Õ¡‚¡‡π’¬· ¥ß„π
Figure 4 ®“°√Ÿª¥—ß°≈à“«®–‡ÀÁπ‰¥â«à“ K

OL
a ‡æ‘Ë¡¢÷Èπµ“¡

Õÿ≥À¿Ÿ¡‘∑’Ë Ÿß¢÷Èπ´÷Ëß‡ªìπ‰ªµ“¡∑’Ë§“¥‰«â‡π◊ËÕß®“°Õÿ≥À¿Ÿ¡‘∑’Ë
 Ÿß¢÷Èπ∑”„Àâæ≈—ßß“π®≈πå¢Õß‚¡‡≈°ÿ≈¢Õß·Õ¡‚¡‡π’¬„π
 “√≈–≈“¬ Ÿß¢÷Èπµ“¡∑ƒ…Æ’®≈πæ≈»“ µ√å¢Õß·°ä  àßº≈
„Àâ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡‡æ‘Ë¡¢÷Èπµ“¡Õÿ≥À¿Ÿ¡‘∑’Ë
‡æ‘Ë¡¢÷Èπ  ·≈–∂â“æ‘®“√≥“∑’ËÕÿ≥À¿Ÿ¡‘„¥Ê º≈°“√∑¥≈Õß
· ¥ß„Àâ‡ÀÁπ«à“ K

OL
a ∑’Ë  pH  Ÿß°«à“ ®–¡’§à“ Ÿß°«à“∑’Ë pH

µË”°«à“µ≈Õ¥™à«ß¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë»÷°…“∑—Èßπ’È‡æ√“–°“√‡æ‘Ë¡
¢÷Èπ¢Õß pH ¡’º≈µàÕ —¥ à«π¢Õß·Õ¡‚¡‡π’¬Õ‘ √–¥—ß∑’Ë‰¥â

Table 2. K
OL

a of ammonia at various pH and water temperature

RUN No. T pH K
OL

a×××××107 RUN No. T pH K
OL

a×××××107

(ºC) (m3/s) (ºC) (m3/s)

1 26±1 5 0.49 7 45±1 5.8 2.11
2 26±1 7 1.40 8 50±1 5.8 2.81
3 26±1 9 2.11 9 25±1 11 2.81
4 26±1 11 2.81 10 40±1 11 3.51
5 25±1 5.8 0.70 11 45±1 11 4.21
6 40±1 5.8 1.40

Figure 3. Effect of pH on fraction of NH
3
 in water

at 25ºC
Figure 4. Effect of temperature on overall mass

transfer coefficient for volatilization of

ammonia from water at low and high

pH
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°≈à“«‰ª·≈â« ·µà‡¡◊ËÕæ‘®“√≥“≈—°…≥–°“√‡æ‘Ë¡¢÷Èπ¢Õß K
OL

a

°—∫Õÿ≥À¿Ÿ¡‘ æ∫«à“≈—°…≥–¢Õß°“√‡æ‘Ë¡¢÷Èπ¢Õß K
OL

a °—∫
Õÿ≥À¿Ÿ¡‘∑’Ë pH  Ÿß®–‡æ‘Ë¡¢÷Èπ„π≈—°…≥–∑’Ë™â“°«à“°“√‡æ‘Ë¡¢÷Èπ
¢Õß K

OL
a °—∫Õÿ≥À¿Ÿ¡‘∑’Ë pH µË”°«à“ ¥—ß· ¥ß¥â«¬§«“¡

™—π¢Õß°√“ø∑’Ëæ≈ÁÕµ√–À«à“ß ln[K
OL

a] °—∫Õÿ≥À¿Ÿ¡‘„π
Figure 4

·∫∫®”≈Õß —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈ ”À√—∫°“√√–‡À¬

¢Õß·Õ¡‚¡‡π’¬®“°πÈ”

·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å∑’Ë “¡“√∂Õ∏‘∫“¬º≈¢Õß
Õÿ≥À¿Ÿ¡‘ º≈¢Õß pH ·≈–º≈¢ÕßÕ—πµ√ªØ‘°‘√‘¬“√–À«à“ß
Õÿ≥À¿Ÿ¡‘·≈– pH µàÕ K

OL
a ¢Õß NH

3
  “¡“√∂æ—≤π“®“°

¢âÕ¡Ÿ≈°“√∑¥≈Õß‚¥¬°“√∑”°“√∂¥∂Õ¬æÀÿ§Ÿ≥¢Õß¢âÕ¡Ÿ≈
¢Õß K

OL
a ¢Õß NH

3
 °—∫Õÿ≥À¿Ÿ¡‘·≈– pH ‡æ◊ËÕÀ“§«“¡

 —¡æ—π∏å√–À«à“ß K
OL

a ¢Õß NH
3
 °—∫ Õÿ≥À¿Ÿ¡‘·≈– pH

æ∫«à“§«“¡ —¡æ—π∏å√–À«à“ß K
OL

a ¢Õß NH
3
 °—∫Õÿ≥À¿Ÿ¡‘

·≈– pH ∑’Ë Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß¡“°∑’Ë ÿ¥· ¥ß¥—ß
 ¡°“√ (12) ‚¥¬¡’§à“ R2 ‡∑à“°—∫ 0.997

ln[K
OL

a] = b
0

+ b
1
pH + b

2
pH2 + b

3
pHT + b

4
T 2 (12)

‡¡◊ËÕ T §◊ÕÕÿ≥À¿Ÿ¡‘ (ºC), b
0
, b

1
, b

2
, b

3
 ·≈– b

4
 §◊Õ

§à“§ß∑’Ë¢Õß·∫∫®”≈Õß∑’Ë‰¥â®“°°“√ª√—∫ ¡°“√ (12) °—∫
¢âÕ¡Ÿ≈°“√∑¥≈Õß §à“§ß∑’Ë¢Õß·∫∫®”≈Õß· ¥ß‰«âæ√âÕ¡°—∫
§à“Õ◊ËπÊ „π Table 3 §à“ P „π Table 3 ®–‡ªìπ§à“∑’Ë∫Õ°
∂÷ß§«“¡ ”§—≠¢Õß·µà≈–‡∑Õ¡„π·∫∫®”≈Õß ®“° Table 3

§à“ P ¢Õß b
1
, b

2
, b

3
 ·≈– b

4
 ¡’§à“πâÕ¬°«à“ 0.05 · ¥ß„Àâ

‡ÀÁπ«à“∑ÿ°‡∑Õ¡¡’º≈µàÕ§à“ ln[K
OL

a] Õ¬à“ß¡’π—¬ ”§—≠

(Sumnu et al., 2000) ‡¡◊ËÕæ‘®“√≥“‡§√◊ËÕßÀ¡“¬¢Õß
 —¡ª√– ‘∑∏‘Ï¢Õß·µà≈–‡∑Õ¡æ∫«à“§à“¢Õß b

1
 ·≈– b

4
 ¡’§à“

‡ªìπ∫«°· ¥ß«à“ pH ·≈–Õÿ≥À¿Ÿ¡‘¡’º≈µàÕ§à“ ln[K
OL

a] „π
‡™‘ß∫«°§◊Õ§à“ ln[K

OL
a] ®–‡æ‘Ë¡¢÷Èπµ“¡ pH ·≈–Õÿ≥À¿Ÿ¡‘

∑’Ë Ÿß¢÷Èπ Õ¬à“ß‰√°Áµ“¡≈—°…≥–°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“ ln[K
OL

a]

°—∫ pH ®–∂Ÿ°Àπà«ß¥â«¬§à“∑’Ë‡ªìπ≈∫¢Õß —¡ª√– ‘∑∏‘Ï b
2

∑”„Àâ≈—°…≥–°“√‡æ‘Ë¡¢÷Èπ¢Õß ln[K
OL

a] °—∫ pH ∑’Ë pH  ŸßÊ
™â“°«à“∑’Ë pH µË”Ê °√“øæ◊Èπº‘«√–À«à“ß ln[K

OL
a] °—∫ pH

®÷ß¡’≈—°…≥–‚§âß∑’Ë¡’§«“¡™—π≈¥≈ß¥—ß· ¥ß„π Figure 5 „π
¢≥–∑’Ë°√“øæ◊Èπº‘«√–À«à“ß ln[K

OL
a] °—∫Õÿ≥À¿Ÿ¡‘· ¥ß„Àâ

‡ÀÁπ∂÷ß°“√‡æ‘Ë¡¢÷Èπ¢Õß ln[K
OL

a] °—∫Õÿ≥À¿Ÿ¡‘‚¥¬‰¡à¡’°“√
‚§âß≈ß·µàÕ¬à“ß„¥    à«πº≈¢ÕßÕ—πµ√ªØ‘°‘√‘¬“√–À«à“ß
Õÿ≥À¿Ÿ¡‘°—∫ pH æ‘®“√≥“‰¥â®“° —¡ª√– ‘∑∏‘Ï b

3
 ´÷Ëß¡’§à“

‡ªìπ≈∫¥—ßπ—Èπ¿“¬„µâ ¿“«–∑’Ë¡’Õ—πµ√ªØ‘°‘√‘¬“√–À«à“ß
Õÿ≥À¿Ÿ¡‘°—∫ pH  Ÿß§◊Õ ¿“«–∑’Ë∑—ÈßÕÿ≥À¿Ÿ¡‘·≈– pH ¡’§à“
 Ÿß®–¡’°“√Àπà«ß°“√‡æ‘Ë¡¢÷Èπ¢Õß ln[K

OL
a] ¡“°°«à“∑’Ë

 ¿“«–∑’Ë¡’Õÿ≥À¿Ÿ¡‘·≈– pH µË” ¥—ßπ—Èπ∑’ËÕÿ≥À¿Ÿ¡‘·≈– pH

 Ÿß ln[K
OL

a] ®–‡æ‘Ë¡¢÷Èπ„π≈—°…≥–∑’Ë™â“°«à“∑’ËÕÿ≥À¿Ÿ¡‘·≈–
pH µË” °√“øæ◊Èπº‘«∑’ËÕÿ≥À¿Ÿ¡‘·≈– pH  Ÿß®÷ß¡’≈—°…≥–‚§âß
¥—ß· ¥ß„π Figure 5

·∫∫®”≈Õß ”À√—∫Õ—µ√“·≈–ø≈—°´å°“√√–‡À¬¢Õß

·Õ¡‚¡‡π’¬®“°πÈ”

Õ—µ√“·≈–ø≈—°´å°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”∑’Ë
Õÿ≥À¿Ÿ¡‘ ·≈– pH „¥Ê  “¡“√∂À“§à“‰¥â®“°°“√·∑π§à“
K

OL
a  ®“° ¡°“√ (12) ≈ß„π ¡°“√ (10) ·≈– ¡°“√ (11)

µ“¡≈”¥—∫®–‰¥âÕ—µ√“·≈–ø≈—°´å°“√√–‡À¬µ“¡ ¡°“√ (13)

·≈– (14) µ“¡≈”¥—∫

Table 3. Constant b
0
, b

1
, b

2
, b

3
 and b

4
 of equation (12) and other statistic

values

b
0

b
1

b
2

b
3

b
4

Value -21.62 1.178 -4.69×10-2 -5.41×10-3 1.15×10-3

P value 5.490×10-9 5.387×10-5 6.01×10-4 4.03×10-4 9.535×10-6

Std Error 4.50×10-1 1.16×10-1 7.15×10-3 7.66×10-4 8.44×10-5

-95% -22.72 8.94×10-1 -6.44×10-2 -7.28×10-3 9.47×10-4

+95% -20.51 1.463 -2.94×10-2 -3.54×10-3 1.36×10-3
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Figure 5.  Response surface showing the effects of pH and temperature on K
OL

a

R
NH3

= exp(−21.62 +1.178pH − 4.691×10−2 pH2 − 5.41×10−3 pHT +1.115 ×10−3T 2 )C
t

1+10
(0.09018+ 2729.92

T +273 )− pH
(13)

N
NH3

=
exp(−21.62 +1.178pH − 4.691×10−2 pH2 − 5.41×10−3 pHT +1.115 ×10−3T 2 )C

t

A(1+10
(0.09018+ 2729.92

T +273 )− pH
)

(14)

 ¡°“√ (13) ·≈– (14)  “¡“√∂„™â∑”π“¬Õ—µ√“
·≈–ø≈—°´å°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°·À≈àßπÈ”‰¥â ‚¥¬
¢âÕ¡Ÿ≈∑’ËµâÕß∑√“∫ª√–°Õ∫¥â«¬ §«“¡‡¢â¡¢âπ√«¡¢Õß
·Õ¡‚¡‡π’¬ („π√Ÿª¢Õß·Õ¡‚¡‡π’¬‰π‚µ√‡®π, C

t
)  pH

Õÿ≥À¿Ÿ¡‘¢ÕßπÈ” (T) ·≈–æ◊Èπ∑’Ë¢Õß°“√√–‡À¬ (A) ‡π◊ËÕß®“°
Àπà«¬¢Õß K

OL
a ∑’Ë„™â„π°“√»÷°…“π’È§◊Õ m3s-1 ¥—ßπ—Èπ∂â“„™â

§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬„πÀπà«¬ mol m-3 ·≈–
æ◊Èπ∑’Ë¢Õß°“√√–‡À¬‡ªìπ m2 ®–‰¥âÀπà«¬¢ÕßÕ—µ√“·≈–ø≈—° ǻ
°“√√–‡À¬‡ªìπ mol s-1 ·≈– mol s-1 m-2 µ“¡≈”¥—∫ ´÷Ëß
 “¡“√∂·ª≈ß‡ªìπÀπà«¬¢ÕßÕ—µ√“·≈–ø≈—°´å∑’Ëπ‘¬¡„™â°—π
∑—Ë«‰ª§◊Õ mg s-1 ·≈– mg s-1 m-2 µ“¡≈”¥—∫‰¥â  º≈°“√
®”≈Õß‚¥¬„™â ¡°“√ (13) §”π«≥Õ—µ√“°“√√–‡À¬¢Õß
·Õ¡‚¡‡π’¬®“°πÈ”∑’ËÕÿ≥À¿Ÿ¡‘„π™à«ß 25-40ºC ‚¥¬„™â¢âÕ¡Ÿ≈
§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„π™à«ß 200-600 mg L-1 ´÷Ëß
‡ªìπ§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬∑’Ëæ∫„ππÈ”‡ ’¬¢Õß‚√ßß“π
πÈ”¬“ß¢âπ„πª√–‡∑»¡“‡≈‡´’¬ (Maheswaran and John,

1991) ·≈–·ª√‡ª≈’Ë¬π§à“ pH „π™à«ß 6-9 ´÷Ëß‡ªìπ™à«ß pH

¢ÕßπÈ”‡ ’¬¢Õß‚√ßß“ππÈ”¬“ß¢âπ‰¥âº≈¥—ß Figure 6 ·≈–
Figure 7

®“°√Ÿª¥—ß°≈à“«®–‡ÀÁπ‰¥â«à“Õ—µ√“°“√√–‡À¬®–‡æ‘Ë¡
¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠‡¡◊ËÕÕÿ≥À¿Ÿ¡‘·≈– pH  Ÿß¢÷Èπ Õ—π‡ªìπ
º≈¡“®“°º≈¢ÕßÕÿ≥À¿Ÿ¡‘ pH ·≈–Õ—πµ√ªØ‘°‘√‘¬“¢Õß
Õÿ≥À¿Ÿ¡‘·≈– pH µàÕ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈¥—ß∑’Ë‰¥â
°≈à“«‰ª·≈â«  à«πº≈¢ÕßÕÿ≥À¿Ÿ¡‘ pH ·≈–Õ—πµ√ªØ‘°‘√‘¬“
¢ÕßÕÿ≥À¿Ÿ¡‘·≈– pH µàÕø≈—°´å°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬
®“°πÈ”®–‡ªìπ‰ª„π∑”πÕß‡¥’¬«°—π°—∫º≈¢ÕßÕÿ≥À¿Ÿ¡‘ pH

·≈–Õ—πµ√ªØ‘°‘√‘¬“¢ÕßÕÿ≥À¿Ÿ¡‘·≈– pH µàÕÕ—µ√“°“√
√–‡À¬‡æ√“–ø≈—°´å§◊ÕÕ—µ√“∑’ËÀ“√¥â«¬æ◊Èπ∑’Ë´÷Ëß‡ªìπ§à“§ß∑’Ë
·∫∫®”≈ÕßÕ¬à“ßßà“¬ ”À√—∫∑”π“¬Õ—µ√“·≈–ø≈—° ǻ°“√
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Figure 6. Effect of pH on volatilization rate of

ammonia from water at 25ºC

Figure 7. Effect of water temperature on volatili-

zation rate of ammonia from water at

pH 8
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