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Abstract
Bunyakan, C., Chungsiriporn, J., Thepchai, R.

Treatment of ammonia in waste air using packed column coupling with

chemical reaction
Songklanakarin J. Sci. Technol., 2007, 29(3) : 825-836

Ammonia  is  a  common  chemical  used  in  various  industries.  Emission  of  air  contaminated  with

ammonia to the atmosphere without any treatment causes several effects on human health and environment.

A high efficiency method for ammonia removal from waste air is then necessary. In this research, an absorp-

tion coupling with chemical reaction was investigated for ammonia removal from waste air using a packed

column. The packed column of 10 cm diameter and 200 cm height was packed with 1.4x1.4 cm Raschig rings.

Three liquids including water, NaOCl and H
2
SO

4
 solution were used as an absorbent for the investigation.

The  objectives  of  this  research  were  to  determine  a  suitable  absorbent  and  the  optimum  condition  for

ammonia removal from waste air. The packed column was operated at room temperature and atmospheric

pressure. The tested conditions were as follows: the gas to liquid ratio (G:L ratio) was 35-90 m3 gas/m3 liquid,
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the inlet concentration of ammonia was 150-500 ppm and the air flow rate was 18 m3/h. The results showed

that the ammonia removal efficiency depends on type of the absorbent and the operating condition. The

efficiencies increased with decreasing of G:L ratio and with increasing absorbent concentration. They were

70%, 80-92%, and 95-100% for pure water, sodium hypochlorite solution and sulphuric acid solution,

respectively. The efficiency decreased with time when water was used as an absorbent while it was almost

constant when NaOCl and H
2
SO

4
 solution were applied. The ammonia removal efficiency when using H

2
SO

4

as the absorbent was not dependent on G:L ratio and inlet ammonia concentration, in the range used in this

investigation. Since H
2
SO

4
 solution gave the highest removal efficiency and can reduce ammonia concentration

in waste air to levels which meet the TLV-TWA standard, it is recommended as an absorbent solution for

ammonia removal from waste air.

Key words : ammonia, packed column, absorption, sodium hypochlorite, sulfuric acid
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«‘∏’°“√∑’Ë¡’ª√– ‘∑∏‘¿“æ‡æ◊ËÕ∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬°àÕπª≈àÕ¬ Ÿà∫√√¬“°“»  ß“π«‘®—¬π’È‰¥â»÷°…“°“√∫”∫—¥

·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬®”≈Õß‚¥¬Õ“»—¬°√–∫«π°“√¥Ÿ¥´÷¡√à«¡°—∫ªØ‘°‘√‘¬“‡§¡’ ‚¥¬„™â§Õ≈—¡πå∫√√®ÿ¢π“¥‡ âπºà“

»Ÿπ¬å°≈“ß 10 ´¡. ∫√√®ÿ¥â«¬ Raschig ring ¢π“¥ 1.4x1.4 ´¡. §«“¡ Ÿß‡∫¥ 200 ´¡. √à«¡°—∫ “√¥Ÿ¥´÷¡ 3 ™π‘¥
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¥Ÿ¥´÷¡·≈– ¿“«–∑’Ë‡À¡“– ¡„π°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬ ‚¥¬√–∫∫¥”‡π‘π°“√∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß·≈–§«“¡¥—π

∫√√¬“°“»  ¿“«–°“√∑¥≈Õß¢Õßµ—«·ª√¥”‡π‘π°“√∑’Ë„™â §◊Õ Õ—µ√“ à«πÕ—µ√“°“√‰À≈¢ÕßÕ“°“»µàÕÕ—µ√“°“√‰À≈¢Õß

¢Õß‡À≈« (G:L ratio) ¡’§à“Õ¬Ÿà„π™à«ß 35-90 ≈∫.¡.·°ä /≈∫.¡.¢Õß‡À≈« §«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬

®”≈Õß∑’Ë∑“ß‡¢â“¢Õß§Õ≈—¡πåÕ¬Ÿà„π™à«ß 150-500 ppm ·≈–Õ—µ√“°“√‰À≈¢ÕßÕ“°“»‡ªìπ 18 ≈∫.¡./™—Ë«‚¡ß º≈°“√
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°“√≈¥ G:L ratio ·≈–°“√‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß “√¥Ÿ¥´÷¡∑”„Àâª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥ Ÿß¢÷Èπ ‚¥¬ª√– ‘∑∏‘¿“æ

„π°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬®”≈Õß Ÿß ÿ¥¿“¬„µâ ¿“«–∑’Ë»÷°…“¡’§à“‡∑à“°—∫ 70%, 80-92% ·≈– 95-100% ‡¡◊ËÕ
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4
 ‡ªìπ “√¥Ÿ¥´÷¡¡’§à“‡°◊Õ∫§ß∑’Ëµ≈Õ¥√–¬–‡«≈“¥”‡π‘π°“√ ‡¡◊ËÕæ‘®“√≥“‡≈◊Õ° “√¥Ÿ¥´÷¡∑’Ë‡À¡“– ¡

æ∫«à“ “√≈–≈“¬ H
2
SO

4
 ¡’§«“¡‡À¡“– ¡¡“°∑’Ë ÿ¥‡π◊ËÕß®“°„Àâª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥ Ÿß·≈– “¡“√∂≈¥·Õ¡‚¡‡π’¬

„πÕ“°“»≈ß‰¥âµ“¡¡“µ√“∞“π∑’Ë°”Àπ¥

·Õ¡‚¡‡π’¬‡ªìπ “√‡§¡’ ”§—≠∑’Ë„™â„π‚√ßß“πÕÿµ “À-
°√√¡πÈ”¬“ß¢âπ´÷Ëßµ—Èß°√–®“¬Õ¬Ÿà∑—Ë«¿“§„µâ·≈–°”≈—ß¢¬“¬‰ª
 Ÿà¿“§µ–«—πÕÕ°·≈–¿Ÿ¡‘¿“§Õ◊Ëπ¢Õßª√–‡∑» ·Õ¡‚¡‡π’¬∂Ÿ°
„™â‡ªìπ “√√—°…“ ¿“æπÈ”¬“ß‚¥¬°“√¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ

¢Õß·∫§∑’‡√’¬  °“√„™â·Õ¡‚¡‡π’¬„π‚√ßß“πÕÿµ “À°√√¡
πÈ”¬“ß¢âπ¡’„™â„π 3 ¢—ÈπµÕπÀ≈—°Ê §◊Õ„™â√—°…“ ¿“æπÈ”¬“ß
 ¥∑’Ë°√’¥‰¥â°àÕπ àß‚√ßß“π „™â√—°…“ ¿“æπÈ”¬“ß ¥¢≥–√Õ
°“√ªíòπ·¬° ·≈–„™â‡æ◊ËÕ√—°…“§ÿ≥¿“æπÈ”¬“ß¢âπ  ®“°¢âÕ¡Ÿ≈
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¢Õß°√¡‚√ßß“πÕÿµ “À°√√¡ (2546) æ∫«à“ ª√‘¡“≥°“√„™â
·Õ¡‚¡‡π’¬„π‚√ßß“πÕÿµ “À°√√¡πÈ”¬“ß¢âπ‚¥¬‡©≈’Ë¬‡∑à“°—∫
14 ·≈– 20 °°./µ—ππÈ”¬“ß¢âπ  ”À√—∫°“√º≈‘µπÈ”¬“ß¢âπ
™π‘¥·Õ¡‚¡‡π’¬µË”·≈–·Õ¡‚¡‡π’¬ Ÿßµ“¡≈”¥—∫ ¥—ßπ—Èπ ”À√—∫
‚√ßß“πÕÿµ “À°√√¡πÈ”¬“ß¢âπ∑’Ëº≈‘µπÈ”¬“ß¢âπ™π‘¥·Õ¡‚¡‡π’¬
 Ÿß 100 µ—π/«—π®–µâÕß„™â·Õ¡‚¡‡π’¬ Ÿß∂÷ß 2,000 °°./«—π
„π°√–∫«π°“√º≈‘µπÈ”¬“ß¢âπ ·Õ¡‚¡‡π’¬∑’ËÕ¬Ÿà„ππÈ”¬“ß®–
∂Ÿ°ª≈àÕ¬ Ÿà∫√√¬“°“»‰¥â¡“°„π 2 ¢—ÈπµÕπ §◊Õ „π¢—ÈπµÕπ
°“√ªíòπ·¬°πÈ”¬“ß·≈–„π¢—ÈπµÕπ°“√‰≈à·Õ¡‚¡‡π’¬ÕÕ°®“°
À“ßπÈ”¬“ß‚¥¬„™â√“ß‡ªî¥ °“√ª≈àÕ¬·Õ¡‚¡‡π’¬ Ÿà∫√√¬“°“»¡’
º≈µàÕ ‘Ëß·«¥≈âÕ¡·≈– ÿ¢¿“æ¢Õß ‘Ëß¡’™’«‘µ ‡æ√“–·Õ¡‚¡‡π’¬
‡ªìπ·°ä æ‘…·≈–°—¥°√àÕπ ¡’Õ—πµ√“¬µàÕ√à“ß°“¬ °“√‰¥â√—∫
·Õ¡‚¡‡π’¬∑“ßª“°®–∑”„Àâ‡π◊ÈÕ‡¬◊ËÕ∑“ß‡¥‘πÕ“À“√∂Ÿ°°—¥°√àÕπ
‡°‘¥·º≈‰À¡â ¡’Õ“°“√§≈◊Ëπ„ â ª«¥∑âÕß Õ“‡®’¬π À¡¥ µ‘
‡¡◊ËÕ —¡º— ·Õ¡‚¡‡π’¬∑“ß®¡Ÿ° µ“ º‘«Àπ—ß ®–¡’Õ“°“√√–§“¬
‡§◊Õß Õ÷¥Õ—¥À“¬„®‰¡à ¥«° ‡®Á∫§Õ ·πàπÀπâ“Õ° ∑”„ÀâªÕ¥
·≈–À≈Õ¥≈¡Õ—°‡ ∫‰¥â  °“√ —¡º— °—∫·Õ¡‚¡‡π’¬„π√–¥—∫
§«“¡‡¢â¡¢âπ ŸßÊ ¡’º≈µàÕ√–∫∫ª√– “∑ à«π°≈“ß §≈◊Ëπ‰ â
Õ“‡®’¬π ‡°√Áß™—° ·≈–‡ ’¬™’«‘µ‰¥â  ∑—Èßπ’È√–¥—∫§«“¡‡¢â¡¢âπ
‡©≈’Ë¬¢Õß·Õ¡‚¡‡π’¬∑’Ë¬Õ¡„Àâ¡’‰¥â„π∫√√¬“°“»°“√∑”ß“π
 ”À√—∫ª√–‡∑»‰∑¬ §◊Õ 50 ppm ¥—ßπ—Èπ°“√∫”∫—¥·Õ¡‚¡‡π’¬
„πÕ“°“»∑’Ëªπ‡ªóôÕπ¥â«¬·Õ¡‚¡‡π’¬„Àâ‰¥â¡“µ√“∞“π°àÕπ
ª≈àÕ¬ Ÿà∫√√¬“°“»®÷ß‡ªìπ ‘Ëß®”‡ªìπÕ¬à“ß¬‘Ëß

„π¢—ÈπµÕπ°“√ªíòπ·¬°πÈ”¬“ß¢Õß‚√ßß“πÕÿµ “À°√√¡
πÈ”¬“ß¢âπ®–¡’√–∫∫¥Ÿ¥Õ“°“»·≈–‰Õ·Õ¡‚¡‡π’¬∫√‘‡«≥‡§√◊ËÕß
ªíòπ‰ªªÑÕπ‡¢â“ Ÿà√–∫∫∫”∫—¥Õ“°“»´÷Ëß¡’≈—°…≥–‡ªìπ wet-
scrubber ∑’Ë„™âπÈ”‡ªìπ “√¥Ÿ¥´÷¡ ‡π◊ËÕß®“°§«“¡‡¢â¡¢âπ¢Õß
·Õ¡‚¡‡π’¬„πÕ“°“»„π∑àÕ¥Ÿ¥Õ“°“»®“°‡§√◊ËÕßªíòπ¡’§«“¡
‡¢â¡¢âπ Ÿß√–∫∫ wet-scrubber ∑’Ë„™âπÈ”‡ªìπ “√¥Ÿ¥´÷¡®÷ß‡¢â“
 Ÿà ¡¥ÿ≈Õ¬à“ß√«¥‡√Á«·≈–‰¡à “¡“√∂„™âß“π‰¥â  ‚√ßß“π
Õÿµ “À°√√¡πÈ”¬“ß¢âπ à«π„À≠à∑’Ëµ‘¥µ—Èß√–∫∫ wet-scrubber
¥—ß°≈à“«®÷ß‰¡à ‰¥â ‡¥‘π√–∫∫∑”„ÀâµâÕßª≈àÕ¬Õ“°“»∑’Ë¡’
·Õ¡‚¡‡π’¬ªπ‡ªóôÕπÕ¬Ÿà Ÿà∫√√¬“°“»‚¥¬µ√ß °“√À“ “√¥Ÿ¥´÷¡
∑’Ë¡’ª√– ‘∑∏‘¿“æ‡æ◊ËÕ„™â·∑ππÈ”„π√–∫∫∫”∫—¥·Õ¡‚¡‡π’¬
 ”À√—∫Õÿµ “°√√¡πÈ”¬“ß¢âπ®÷ß‡ªìπ ‘Ëß®”‡ªìπ ·¡â«à“π—°«‘®—¬
À≈“¬∑à“π  ‡™àπ  Brettschneider  ·≈–§≥–  (2004)
Gamisans ·≈–§≥– (2002) ‰¥â»÷°…“∂÷ß„™â°“√°√¥´—≈øŸ√‘°
(H

2
SO

4
) ‡ªìπ “√¥Ÿ¥´÷¡‡æ◊ËÕ∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»

·≈–æ∫«à“¡’ª√– ‘∑∏‘¿“æ Ÿß  ·µà™à«ß¢Õß§«“¡‡¢â¡¢âπ¢Õß
·Õ¡‚¡‡π’¬„πÕ“°“»∑’Ë»÷°…“„πß“π«‘®—¬∑’Ëºà“π¡“¡’§à“µË”°«à“
§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬∑’Ëæ∫„π‚√ßß“ππÈ”¬“ß¢âπ¡“°
 “√ÕÕ°´‘‡¥™—π‚´‡¥’¬¡‰Œ‚ª§≈Õ‰√∑å (NaOCl) ‡ªìπ “√
ÕÕ°´‘‡¥™—π∑’Ëπ‘¬¡„™â„π°“√∫”∫—¥Õ“°“»∑’Ëªπ‡ªóôÕπ¥â«¬·°ä 
æ‘…·≈– “√Õ‘π∑√’¬å√–‡À¬ßà“¬À≈“¬™π‘¥ (Chu et al., 2001;
Chungsiriporn et al., 2006) ·µà°“√„™â NaOCl ‡æ◊ËÕ
∫”∫—¥Õ“°“»‡ ’¬∑’Ëªπ‡ªóôÕπ¥â«¬·Õ¡‚¡‡π’¬∑’Ë¡’§«“¡‡¢â¡¢âπ
¢Õß·Õ¡‚¡‡π’¬ ŸßÊ ¬—ß‰¡à¡’√“¬ß“π‰«â‡™àπ°—π

ß“π«‘®—¬π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“·π«∑“ß°“√∫”∫—¥
·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„π
Õ“°“»„π√–¥—∫ Ÿß ‚¥¬„™â°√–∫«π°“√¥Ÿ¥´÷¡„π§Õ≈—¡πå∫√√®ÿ
‚¥¬°“√„™âπÈ”  “√≈–≈“¬ NaOCl ·≈– “√≈–≈“¬ H

2
SO

4

‡ªìπ “√¥Ÿ¥´÷¡ ‡æ◊ËÕÀ“™π‘¥¢Õß “√¥Ÿ¥´÷¡·≈–¿“«–°“√
¥”‡π‘π°“√∑’Ë‡À¡“– ¡‡æ◊ËÕ‡ªìπ·π«∑“ß„π°“√π”‰ªª√–¬ÿ°µå
„™â„π‚√ßß“πÕÿµ “À°√√¡πÈ”¬“ß¢âπµàÕ‰ª

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

     °“√»÷°…“°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬®”≈Õß ∑”
„π§Õ≈—¡πå∫√√®ÿ (Packed column) ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß
10 ´¡.  §«“¡ Ÿß¢Õß‡∫¥ 200 ´¡.  ∫√√®ÿ¥â«¬«— ¥ÿ∫√√®ÿ
(Packing) ™π‘¥ Raschig ring ¢π“¥ 1.4x1.4 ´¡. ‚¥¬
¡’ —¥ à«π™àÕß«à“ß¢Õß‡∫¥‡∑à“°—∫ 0.82 §Õ≈—¡πå∫√√®ÿ∂Ÿ°µàÕ
‡™◊ËÕ¡Õ¬Ÿà°—∫√–∫∫ √â“ßÕ“°“»‡ ’¬®”≈Õß·≈–√–∫∫À¡ÿπ‡«’¬π
¢Õß “√¥Ÿ¥´÷¡¥—ß· ¥ß„π Figure 1  “√¥Ÿ¥´÷¡∑’Ë„™â„π°“√
»÷°…“¡’ 3 ™π‘¥ §◊Õ πÈ”  “√≈–≈“¬ NaOCl ·≈– “√≈–≈“¬
H

2
SO

4
 µ—«·ª√¥”‡π‘π°“√∑’Ë»÷°…“ ‰¥â·°à §«“¡‡¢â¡¢âπ¢Õß

·Õ¡‚¡‡π’¬„πÕ“°“» §«“¡‡¢â¡¢âπ¢Õß “√¥Ÿ¥ ÷́¡ (§à“§«“¡
‡¢â¡¢âπ¢Õß “√≈–≈“¬ NaOCl ·≈–§à“ pH °√≥’¢Õß°“√„™â
 “√≈–≈“¬ H

2
SO

4
 ‡æ◊ËÕ„Àâ –¥«°„π°“√¥”‡π‘π°“√®√‘ß„π

‚√ßß“π) ·≈–Õ—µ√“ à«π¢ÕßÕ—µ√“°“√‰À≈¢ÕßÕ“°“»µàÕÕ—µ√“
°“√‰À≈¢Õß “√¥Ÿ¥´÷¡ (G:L ratio) ¿“«–°“√∑¥≈Õß‡¡◊ËÕ„™â
πÈ” „™â “√≈–≈“¬ NaOCl ·≈–„™â “√≈–≈“¬ H

2
SO

4
 ‡ªìπ

 “√¥Ÿ¥´÷¡ · ¥ß„π Table 1-3
°“√∑¥≈Õß∫”∫—¥·Õ¡‚¡‡π’¬®“°Õ“°“»‡ ’¬®”≈Õß

‡√‘Ë¡¥â«¬°“√‡µ√’¬¡Õ“°“»‡ ’¬®”≈Õß‚¥¬°“√ª≈àÕ¬·°ä 
·Õ¡‚¡‡π’¬®“°∂—ß·°ä ·Õ¡‚¡‡π’¬‡¢â“º ¡°—∫Õ“°“»Õ—¥„Àâ‰¥â
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Table 2. Experimental conditions for NH
3
 removal from waste air using NaOCl solution as

an absorbent

RUN Inlet ammonia G:L ratio Concentration of NaOCl Optimum

concentration (ppm) solution (ppm) (pH=11.5±0.2) parameters

7 500 45 0
8 500 45 600
9 500 45 800 Concentration of

10 500 45 1000 NaOCl = X
1

11 500 45 1200

12 500 40 X
1

13 500 60 X
1

G:L ratio = X
2

14 500 90 X
1

15 100 X
2

X
1

16 150 X
2

X
1

17 200 X
2

X
1

Concentration of
18 400 X

2
X

1
NH

3
 = X

3

19 500 X
2

X
1

Table 3. Experimental conditions for NH
3
 removal from waste air using H

2
SO

4

solution as an absorbent

RUN Inlet ammonia G:L ratio pH of H
2
SO

4
Optimum parameters

concentration (ppm) solution

20 500 45 4.0
21 500 45 6.0
22 500 45 6.5 pH of H

2
SO

4

23 500 45 8.0 solution = X
6

24 500 45 9.5

25 500 35 X
6

26 500 60 X
6

G:L ratio = X
7

27 500 90 X
6

28 150 X
7

X
6

29 200 X
7

X
6

Concentration of
30 400 X

7
X

6
NH

3
 = X

8

31 500 X
7

X
6

Table 1. Experimental conditions for NH
3
 removal from

waste air using water (pH = 7) as an absorbent

RUN Inlet ammonia concentration (ppm) G:L ratio

1 500 45
2 500 35
3 400 35
4 200 35
5 150 35
6 100 35
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§à“§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬·≈–Õ—µ√“°“√‰À≈¢ÕßÕ“°“»
‡ ’¬®”≈Õßµ“¡µâÕß°“√ Õ“°“»‡ ’¬®”≈Õß®–∂Ÿ°ªÑÕπ‡¢â“∑“ß
¥â“π≈à“ß¢Õß§Õ≈—¡πå∫√√®ÿ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß·≈–§«“¡¥—π∫√√¬“-
°“»  ‡µ√’¬¡ “√¥Ÿ¥´÷¡ª√‘¡“µ√  40  ≈‘µ√  „π°√≥’∑’Ë„™âπÈ”
‡ªìπ “√¥Ÿ¥´÷¡®–„™âπÈ”ª√–ª“∑’Ëºà“π°“√°√Õß‡ªìπ “√¥Ÿ¥´÷¡
 ”À√—∫°√≥’∑’Ë„™â “√≈–≈“¬ NaOCl ·≈– “√≈–≈“¬ H

2
SO

4

‡ªìπ “√¥Ÿ¥´÷¡ ∑”°“√‡µ√’¬¡‚¥¬≈–≈“¬ “√≈–≈“¬ NaOCl
(10% ‚¥¬πÈ”Àπ—°, commercial grade) ·≈– “√≈–≈“¬
H

2
SO

4
 ‡¢â¡¢âπ (99% ‚¥¬πÈ”Àπ—°) „ππÈ”ª√–ª“∑’Ëºà“π°“√

°√Õß·≈â«„Àâ‰¥â§«“¡‡¢â¡¢âπ¢Õß “√¥Ÿ¥ ÷́¡µ“¡µâÕß°“√ (§«“¡
‡¢â¡¢âπ¢Õß “√≈–≈“¬ NaOCl «—¥®“°§à“§«“¡‡¢â¡¢âπ¢Õß
§≈Õ√’π·≈–§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ H

2
SO

4
 «—¥„π‡∑Õ¡

¢Õß pH) ‡√‘Ë¡°“√∑¥≈Õß‚¥¬ªíö¡ “√¥Ÿ¥´÷¡¥â«¬Õ—µ√“°“√‰À≈
∑’Ë°”Àπ¥ªÑÕπ‡¢â“∑“ß¥â“π∫π¢Õß§Õ≈—¡πå∫√√®ÿºà“πÕÿª°√≥å
°√–®“¬¢Õß‡À≈« (Liquid distributor) ·≈–«— ¥ÿ∫√√®ÿ≈ß Ÿà
¥â“π≈à“ß¢Õß§Õ≈—¡πå «π∑“ß°—∫°√–· ¢ÕßÕ“°“»‡ ’¬®”≈Õß
‡°‘¥°“√ —¡º— √–À«à“ß«—Ø¿“§·°ä ·≈–¢Õß‡À≈«∑”„Àâ‡°‘¥°“√
¥Ÿ¥´÷¡·≈–ªØ‘°‘√‘¬“‡§¡’¢÷Èπ¿“¬„π§Õ≈—¡πå∫√√®ÿ ∑”°“√‡°Á∫

µ—«Õ¬à“ßÕ“°“»‡ ’¬®”≈Õß∑’Ë∑“ß‡¢â“·≈–∑’Ë∑“ßÕÕ°¢Õß§Õ≈—¡πå
∫√√®ÿ‚¥¬„™âªíö¡‡°Á∫µ—«Õ¬à“ß (sampling pump) µàÕ‡¢â“°—∫
gas wash bottle heads ∑’Ë∫√√®ÿ¥â«¬ “√≈–≈“¬°√¥∫Õ√‘°
‡æ◊ËÕ«‘‡§√“–ÀåÀ“§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„πÕ“°“»°àÕπ
·≈–À≈—ß°“√∫”∫—¥ °“√«‘‡§√“–Àå§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬
„™â«‘∏’øï‡πµ (phenate method) ‚¥¬„™â‡§√◊ËÕß UV-Spec-
trophotometer ∑’Ë§«“¡¬“«§≈◊Ëπ 630 π“‚π‡¡µ√ (APHA,
AWWA and WPCF, 1971) „π√–À«à“ß°“√∑¥≈Õß∑”
°“√µ√«®«—¥§«“¡‡¢â¡¢âπ¢Õß “√¥Ÿ¥´÷¡ ‚¥¬°“√‡°Á∫µ—«Õ¬à“ß
 “√¥Ÿ¥´÷¡®“°∂—ß∫√√®ÿ “√¥Ÿ¥´÷¡∑ÿ°Ê 1 ™—Ë«‚¡ß π”¡“«—¥§à“
æ’‡Õ™„π°√≥’∑’Ë„™â “√≈–≈“¬ H

2
SO

4
 ‡ªìπ “√¥Ÿ¥´÷¡ ·≈–«—¥

ª√‘¡“≥§«“¡‡¢â¡¢âπ¢Õß§≈Õ√’π‡¡◊ËÕ„™â “√≈–≈“¬ NaOCl
‡ªìπ “√¥Ÿ¥´÷¡¥â«¬«‘∏’ Iodometric method (APHA,
AWWA and WPCF, 1971) ∑”°“√‡µ‘¡ “√≈–≈“¬ H

2
SO

4

À√◊Õ NaOCl ·≈â«·µà°√≥’‡æ◊ËÕ§«∫§ÿ¡§«“¡‡¢â¡¢âπ¢Õß “√
¥Ÿ¥´÷¡„Àâ§ß∑’Ëµ≈Õ¥°“√∑¥≈Õß

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

1. °“√„™âπÈ”‡ªìπ “√¥Ÿ¥´÷¡

1.1 º≈¢Õß G:L ratio µàÕª√– ‘∑∏‘¿“æ°“√

∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬

ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥·Õ¡‚¡‡π’¬®“°Õ“°“»
‡ ’¬§”π«≥‰¥â®“°§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬∑’Ë∑“ß‡¢â“·≈–
∑’Ë∑“ßÕÕ°¢Õß§Õ≈—¡πå∫√√®ÿ ¥—ß ¡°“√ (1)

Ammonia removal eff. = CNH3,in − CNH3,out

CNH3,in

×100

(1)
‡¡◊ËÕ CNH3,in = §«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬

∑’Ë∑“ß‡¢â“¢Õß§Õ≈—¡πå∫√√®ÿ (ppm)
CNH3,out = §«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬

∑’Ë∑“ßÕÕ°¢Õß§Õ≈—¡πå∫√√®ÿ (ppm)
Ammonia removal eff.

= ª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬ (%)

º≈¢Õß G:L ratio µàÕª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡-
‚¡‡π’¬„πÕ“°“»‡¡◊ËÕ„™âπÈ”‡ªìπ “√¥Ÿ¥´÷¡· ¥ß„π Figure 2

Figure 1. Schematic diagram of a packed column

used for removal of NH
3
 from waste air
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æ∫«à“ ‡¡◊ËÕ G:L ratio ‡æ‘Ë¡®“° 35 ≈∫.¡.·°ä /≈∫.¡.
¢Õß‡À≈« ‡ªìπ 45 ≈∫.¡.·°ä /≈∫.¡.¢Õß‡À≈« ª√– ‘∑∏‘¿“æ
„π°“√∫”∫—¥®–≈¥≈ßª√–¡“≥ 10% ·≈–‡¡◊ËÕæ‘®“√≥“∑’Ë G:L
ratio „¥Ê æ∫«à“‡¡◊ËÕ‡«≈“ºà“π‰ªª√– ‘∑∏‘¿“æ°“√∫”∫—¥
·Õ¡‚¡‡π’¬¡’·π«‚πâ¡≈¥≈ß  ‚¥¬ª√– ‘∑∏‘¿“æ°“√∫”∫—¥
·Õ¡‚¡‡π’¬≈¥≈ßª√–¡“≥ 20-30% „π√–¬–‡«≈“ 5 ™—Ë«‚¡ß
∑’Ë»÷°…“  “‡Àµÿ‡æ√“–§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„π “√
¥Ÿ¥´÷¡´÷ËßÀ¡ÿπ‡«’¬π°≈—∫¡“„™â„À¡àπ—Èπ¡’§à“ Ÿß¢÷Èπµ“¡‡«≈“∑’Ë
‡æ‘Ë¡¢÷Èπ∑”„Àâ·√ß¢—∫‡§≈◊ËÕπ„π°“√∂à“¬‚Õπ¡«≈®“°«—Ø¿“§
·°ä ‰ª Ÿà«—Ø¿“§¢Õß‡À≈«≈¥≈ß ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥
·Õ¡‚¡‡π’¬®“°Õ“°“»®÷ß≈¥≈ß (Fischer et al., 2004 Õâ“ß
‚¥¬ Schlegelmilch et al., 2005)

1.2 º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„πÕ“°“»

‡ ’¬µàÕª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬

®“°°“√»÷°…“°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»
‡ ’¬®”≈Õß∑’Ë§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬·ª√
‡ª≈’Ë¬π„π™à«ß 100-500 ppm ‚¥¬∑’Ë G:L ratio ·≈–Õ—µ√“
°“√‰À≈¢ÕßÕ“°“»§ß∑’Ë∑’Ë 35 ≈∫.¡.·°ä /≈∫.¡. ¢Õß‡À≈«
·≈– 18 ≈∫.¡./™—Ë«‚¡ß µ“¡≈”¥—∫  ‰¥âº≈°“√∑¥≈Õß· ¥ß¥—ß
Figure 3 æ∫«à“‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„πÕ“°“»
‡æ‘Ë¡®“° 100 ppm ‰ª‡ªìπ 200 ppm ª√– ‘∑∏‘¿“æ„π°“√
∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬∑’Ë‡«≈“ 60 π“∑’À≈—ß®“°‡√‘Ë¡
ªÑÕπÕ“°“»‡ ’¬‡¢â“§Õ≈—¡πå¡’·π«‚πâ¡ Ÿß¢÷Èπ®“° 60% ‰ª‡ªìπ

90% ·≈–‡¡◊ËÕ§«“¡‡¢â¡¢âπ Ÿß°«à“ 200 ppm ª√– ‘∑∏‘¿“æ
°“√∫”∫—¥·Õ¡‚¡‡π’¬∑’Ë‡«≈“¥—ß°≈à“«®–§ß∑’Ë∑’Ë 90% °“√‡æ‘Ë¡
§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„πÕ“°“»‡ªìπ°“√‡æ‘Ë¡·√ß¢—∫
‡§≈◊ËÕπ√–À«à“ß«—Ø¿“§·°ä °—∫«—Ø¿“§¢Õß‡À≈« (Gamisans
et al., 2002) ∑”„Àâª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥‡æ‘Ë¡¢÷Èπ°—∫
§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬®π∂÷ßª√– ‘∑∏‘¿“æ Ÿß ÿ¥¢Õß
§Õ≈—¡πå∫√√®ÿ∑’Ë ¿“«–π—ÈπÊ ®“°π—Èπ°“√‡æ‘Ë¡§«“¡‡¢âπ¢Õß
·Õ¡‚¡‡π’¬„πÕ“°“»®–‰¡à¡’º≈µàÕª√– ‘∑∏‘¿“æ°“√∫”∫—¥·µà
Õ¬à“ß„¥  ¥—ß®–‡ÀÁπ‰¥âÕ¬à“ß™—¥‡®π„π  Figure  3  ‚¥¬
ª√– ‘∑∏‘¿“æ Ÿß ÿ¥¢Õß§Õ≈—¡πå∫√√®ÿ∑’Ë¥”‡π‘π°“√∑’Ë G:L ratio
‡∑à“°—∫ 35 ≈∫.¡.·°ä /≈∫.¡.¢Õß‡À≈« ·≈–Õ—µ√“°“√‰À≈
¢ÕßÕ“°“» 18 ≈∫.¡./™—Ë«‚¡ß ¡’§à“ª√–¡“≥ 90% ·≈–‡¡◊ËÕ
æ‘®“√≥“ª√– ‘∑∏‘¿“æ°“√∫”∫—¥‡©≈’Ë¬µ≈Õ¥√–¬–‡«≈“∑’Ë„™â
(ª√– ‘∑∏‘¿“æ‡©≈’Ë¬∑’Ë‡«≈“ t = 180 ∂÷ß 300 π“∑’) æ∫«à“
ª√– ‘∑∏‘¿“æ°“√∫”∫—¥‡©≈’Ë¬¡’§à“πâÕ¬°«à“ª√– ‘∑∏‘¿“æ∑’Ë 60
π“∑’·√°„π∑ÿ°§«“¡‡¢â¡¢âπ∑’Ë»÷°…“ ·≈–∂â“„™âπÈ”π’ÈÀ¡ÿπ‡«’¬π
µàÕ‰ªÕ¬à“ßµàÕ‡π◊ËÕßª√– ‘∑∏‘¿“æ°“√∫”∫—¥°Á®–≈¥≈ß‰ªÕ’°

2. °“√„™â “√≈–≈“¬‚´‡¥’¬¡‰Œ‚ª§≈Õ‰√∑å‡ªìπ “√¥Ÿ¥ ÷́¡

2.1 º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‚´‡¥’¬¡

‰Œ‚ª§≈Õ‰√∑åµàÕª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬„π

Õ“°“»‡ ’¬

º≈°“√»÷°…“Õ‘∑∏‘æ≈¢Õß “√≈–≈“¬ NaOCl

Figure 2. NH
3
 removal efficiency vs. time using

water as an absorbed liquid (inlet NH
3

concentration = 500 ppm and air flow

rate = 18 m3/h)

Figure 3. NH
3
 removal efficiency vs. inlet NH

3

concentration  using  water  as  an

adsorbed liquid (air flow rate = 18 m3/h

and G:L ratio = 35 m3 gas/m3 liquid)
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µàÕª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬ (Figure 4)  ‡¡◊ËÕ
æ‘®“√≥“°“√‡ª≈’Ë¬π·ª≈ßª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬
„πÕ“°“»‡ ’¬‡∑’¬∫°—∫‡«≈“  æ∫«à“ª√– ‘∑∏‘¿“æ°“√∫”∫—¥
·Õ¡‚¡‡π’¬‚¥¬„™â “√≈–≈“¬ NaOCl ¡’§à“ Ÿß„π™à«ß·√°Ê
·≈–≈¥≈ß‡≈Á°πâÕ¬°àÕπ®–§ß∑’Ëµ≈Õ¥™à«ß‡«≈“∑’Ë»÷°…“ ´÷Ëß
·µ°µà“ß®“°°√≥’∑’Ë„™âπÈ”‡ªìπ “√¥Ÿ¥´÷¡∑’Ë„Àâª√– ‘∑∏‘¿“æ°“√
∫”∫—¥≈¥≈ßÕ¬à“ß™—¥‡®π‡¡◊ËÕ‡∑’¬∫°—∫‡«≈“∑’Ëºà“π‰ª ¥—ß· ¥ß
„π Figure 4 ´÷Ëß “¡“√∂Õ∏‘∫“¬‰¥â«à“°√≥’∑’Ë„™â “√≈–≈“¬
NaOCl ‡ªìπ “√¥Ÿ¥´÷¡·Õ¡‚¡‡π’¬∑’Ë∂Ÿ°¥Ÿ¥´÷¡„ππÈ”®–∂Ÿ°
ÕÕ° ‘́‰¥ ǻ‡ªìπº≈‘µ¿—≥±åÕ◊Ëπ ¥—ßªØ‘°‘√‘¬“∑’Ë· ¥ß„π ¡°“√
(2) ·≈– (3) §«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„π “√¥Ÿ¥´÷¡‰¡à
‡æ‘Ë¡¢÷Èπ°—∫‡«≈“  ‡¡◊ËÕÀ¡ÿπ‡«’¬π “√¥Ÿ¥´÷¡°≈—∫¡“„™â„À¡à®÷ß
 “¡“√∂¥Ÿ¥´÷¡·Õ¡‚¡‡π’¬‰¥â‡À¡◊Õπ°—∫ “√¥Ÿ¥´÷¡„À¡à ¥
ª√– ‘∑∏‘¿“æ¢Õß√–∫∫®÷ß§ßµ—«Õ¬Ÿà‰¥â

NH3 + NaOCl → NH2Cl + NaOH (2)

NH3 + NH2Cl + NaOH → N2H4 + NaCl + H2O (3)

πÕ°®“°π’È·≈â«®“° Figure 4 ¡’®ÿ¥∑’Ëπà“ π„®§◊Õ „π
™à«ß 50 π“∑’·√°¢Õß°“√∫”∫—¥ æ∫«à“ °“√„™âπÈ”‡ªìπ “√

¥Ÿ¥ ÷́¡„Àâª√– ‘∑∏‘¿“æ Ÿß°«à“°“√„™â “√≈–≈“¬ NaOCl ∑’Ë
§«“¡‡¢â¡¢âπµË”Ê (600 ·≈– 800 ¡°./≈‘µ√) ∑—Èßπ’È‡æ√“–
ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π√–À«à“ß·Õ¡‚¡‡π’¬°—∫ NaOCl ∑’Ë§«“¡
‡¢â¡¢âπ¢Õß NaOCl ¥—ß°≈à“«Õ“®®–‰¡à ŸßæÕ °“√¥Ÿ¥´÷¡¢Õß
·Õ¡‚¡‡π’¬„ππÈ”∫√‘ ÿ∑∏‘Ï®÷ß‡°‘¥‰¥â¥’°«à“°“√¥Ÿ¥´÷¡„π “√≈–≈“¬
NaOCl ‡¡◊ËÕ‡«≈“ºà“π‰ª·Õ¡‚¡‡π’¬∂Ÿ°¥Ÿ¥´÷¡‡¢â“‰ª„π “√
≈–≈“¬ NaOCl ‡æ‘Ë¡¢÷Èπ∂÷ß√–¥—∫Àπ÷Ëß ·¡â«à“§«“¡‡¢â¡¢âπ
NaOCl ®–µË”·µà°Á “¡“√∂‡°‘¥ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π‰¥â ‡æ√“–
Õ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“¢÷ÈπÕ¬Ÿà°—∫∑—Èß§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬
·≈–§«“¡‡¢â¡¢âπ¢Õß NaOCl ∑”„Àâª√– ‘∑∏‘¿“æ°“√∫”∫—¥
·Õ¡‚¡‡π’¬‡¡◊ËÕ„™â NaOCl  Ÿß°«à“°“√„™âπÈ”·≈–¡’§à“§ß∑’Ë
µ≈Õ¥‡«≈“„π¢≥–∑’Ëª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬‡¡◊ËÕ„™â
πÈ”‡ªìπ “√¥Ÿ¥´÷¡≈¥≈ßÕ¬à“ßµàÕ‡π◊ËÕß  à«π∑’Ë§«“¡‡¢â¡¢âπ¢Õß
NaOCl  Ÿß°«à“ 800 ¡°./≈‘µ√ æ∫«à“ª√– ‘∑∏‘¿“æ°“√∫”∫—¥
 Ÿß°«à“°√≥’∑’Ë„™âπÈ”µ—Èß·µà™à«ß·√° · ¥ß«à“∑’Ë§«“¡‡¢â¡¢âπ¢Õß
NaOCl  Ÿß°«à“ 800 ¡°./≈‘µ√ π—Èπ ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π
‡°‘¥¢÷Èπ‰¥â∑—π∑’·¡â®–¡’·Õ¡‚¡‡π’¬„π “√¥Ÿ¥´÷¡µË” ¥—ßπ—Èπ
ª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»®÷ß Ÿß°«à“°“√„™â
πÈ”·≈–¡’§à“§ß∑’Ëµ≈Õ¥‡«≈“

‡¡◊ËÕæ‘®“√≥“ª√– ‘∑∏‘¿“æ‚¥¬‡©≈’Ë¬µ≈Õ¥√–¬–‡«≈“
°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬°—∫§«“¡‡¢â¡¢âπ¢Õß “√
≈–≈“¬ NaOCl æ∫«à“ª√– ‘∑∏‘¿“æ¡’§à“ Ÿß¢÷Èπµ“¡§«“¡‡¢â¡
¢âπ¢Õß “√≈–≈“¬ NaOCl ∑’Ë‡æ‘Ë¡¢÷Èπ ¥—ß· ¥ß„π Figure 5
®–‡ÀÁπ‰¥â«à“‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ NaOCl ‡æ‘Ë¡
®“° 600 ‡ªìπ 1200 ¡°./≈‘µ√ ª√– ‘∑∏‘¿“æ°“√∫”∫—¥
·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬®”≈Õß‡æ‘Ë¡¢÷Èπ·∫∫‡™‘ß‡ âπ®“° 75
‡ªìπ 92%  ∑—Èßπ’È‡æ√“–Õ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π
√–À«à“ß·Õ¡‚¡‡π’¬·≈– NaOCl  Ÿß¢÷Èπµ“¡§«“¡‡¢â¡¢âπ¢Õß
 “√≈–≈“¬ NaOCl ·¡â«à“∑’Ë§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬
NaOCl ‡∑à“°—∫ 1200 ¡°./≈‘µ√ ®–„Àâª√– ‘∑∏‘¿“æ°“√
∫”∫—¥ Ÿß ÿ¥∂÷ß 92%  ·µà®“°°“√∑¥≈Õßæ∫«à“∑’Ë ¿“«–π’È
√–∫∫‡°‘¥°“√§“¬§«“¡√âÕπ·≈–‡°‘¥§«—π¢÷Èπ· ¥ß«à“ªØ‘°‘√‘¬“
ÕÕ°´‘‡¥™—π√–À«à“ß·Õ¡‚¡‡π’¬°—∫ NaOCl ∑’Ë§«“¡‡¢â¡¢âπ
¢Õß NaOCl  Ÿß‡°‘¥¢÷Èπ√ÿπ·√ß ∑’Ë§«“¡‡¢â¡¢âππ’È®÷ß‰¡à‡À¡“–
 ¡ ”À√—∫°“√„™âß“π §«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ NaOCl
∑’Ë‡À¡“– ¡°—∫°“√„™âß“π®√‘ß §◊Õ 1000 ¡°./≈‘µ√ ‚¥¬„Àâ
ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥‡∑à“°—∫ 85% ´÷Ëß Ÿß°«à“„π°√≥’∑’Ë„™â
πÈ”„À¡à ¥∂÷ßª√–¡“≥ 20%

Figure 4. NH
3
 removal efficiency vs. time using

sodium hypochlorite as an adsorbed

liquid (inlet NH
3
 concentration = 500

ppm and air flow rate of 18 m3/h)
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2.2 º≈¢Õß G:L ratio µàÕª√– ‘∑∏‘¿“æ°“√

∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬

º≈¢Õß G:L ratio µàÕª√– ‘∑∏‘¿“æ°“√∫”∫—¥
·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬®”≈Õß‡¡◊ËÕ„™â “√≈–≈“¬ NaOCl ‡ªìπ
 “√¥Ÿ¥´÷¡· ¥ß¥—ß Figure 6 æ∫«à“ª√– ‘∑∏‘¿“æ°“√∫”∫—¥
·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬®”≈Õß¡’§à“‡ªìπ 92% ∑’Ë G:L ratio
‡∑à“°—∫ 40 ≈∫.¡.·°ä /≈∫.¡.¢Õß‡À≈« ·≈–≈¥≈ß‡À≈◊Õ‡æ’¬ß

68% ‡¡◊ËÕ G:L ratio ‡æ‘Ë¡‡ªìπ 90 ≈∫.¡.·°ä /≈∫.¡.¢Õß
‡À≈« ‡π◊ËÕß®“°„π°“√»÷°…“π’È§«∫§ÿ¡Õ—µ√“°“√‰À≈¢ÕßÕ“°“»
‡ ’¬„Àâ§ß∑’Ë∑’Ë 18 ≈∫.¡./™—Ë«‚¡ß §à“ G:L ratio ∑’ËµË”≈ß· ¥ß
∂÷ß°“√„™â¢Õß‡À≈«¥Ÿ¥´÷¡¥â«¬Õ—µ√“°“√‰À≈ Ÿß  ‡ªìπº≈„Àâ
ª√‘¡“≥ “√¥Ÿ¥´÷¡·≈–æ◊Èπ∑’Ëº‘« —¡º— √–À«à“ß«—Ø¿“§·°ä ·≈–
«—Ø¿“§¢Õß‡À≈«„π√–∫∫‡æ‘Ë¡¢÷Èπ  ∑”„Àâª√– ‘∑∏‘¿“æ°“√
∫”∫—¥ Ÿß‡¡◊ËÕ G:L ratio ¡’§à“ Ÿß¢÷Èπ π—Èπ§◊Õ ‡¡◊ËÕ‡æ‘Ë¡ G:L
ratio ®“° 40 ‡ªìπ 90  ≈∫.¡.·°ä /≈∫.¡.¢Õß‡À≈« Õ—µ√“
°“√‰À≈¢Õß “√¥Ÿ¥´÷¡¡’§à“πâÕ¬≈ßª√– ‘∑∏‘¿“æ°“√∫”∫—¥®÷ß
≈¥≈ß ®“° Figure 6 ‡¡◊ËÕæ‘®“√≥“·π«‚πâ¡¢Õßª√– ‘∑∏‘¿“æ
°“√∫”∫—¥ ‡¡◊ËÕ G:L ratio ‡æ‘Ë¡®“° 35 ≈∫.¡.·°ä /≈∫.¡.
¢Õß‡À≈«  ‡ªìπ  45  ≈∫.¡.·°ä /≈∫.¡.¢Õß‡À≈«  æ∫«à“
ª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»≈¥≈ßª√–¡“≥
10% ́ ÷Ëß Õ¥§≈âÕß°—∫°√≥’∑’Ë„™âπÈ”‡ªìπ “√¥Ÿ¥´÷¡ (Figure 2)
∑’Ëæ∫«à“‡¡◊ËÕ G:L ratio ‡æ‘Ë¡¢÷Èπ 10 ≈∫.¡.·°ä /≈∫.¡.¢Õß
‡À≈« (®“° 35 ≈∫.¡.·°ä /≈∫.¡.¢Õß‡À≈« ‡ªìπ 45 ≈∫.¡.
·°ä /≈∫.¡.) ª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»®–
≈¥≈ßª√–¡“≥ 10% ‡™àπ°—π · ¥ß«à“§«“¡·µ°µà“ß¢Õß
ª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡¡◊ËÕ‡ª≈’Ë¬π·ª≈ß
G:L ratio „π∑—Èß Õß√–∫∫¡’§à“„°≈â‡§’¬ß°—π ‡æ’¬ß·µà√–∫∫
∑’Ë„™â “√≈–≈“¬ NaOCl ‡ªìπ “√¥Ÿ¥´÷¡®–„Àâª√– ‘∑∏‘¿“æ Ÿß
°«à“°“√„™âπÈ”

2.3 º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„πÕ“°“»

‡ ’¬µàÕª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬

º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬∑’Ë∑“ß‡¢â“
¢Õß§Õ≈—¡πå∫√√®ÿ∑’Ë·ª√‡ª≈’Ë¬π„π™à«ß 100-500 ppm µàÕ
ª√– ‘∑∏‘¿“æ°“√∫”∫—¥‡¡◊ËÕ„™â “√≈–≈“¬ NaOCl ‡ªìπ “√
¥Ÿ¥´÷¡∑’Ë§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ NaOCl Õ—µ√“°“√‰À≈
¢ÕßÕ“°“» ·≈– G:L ratio ‡∑à“°—∫ 1000 ¡°./≈‘µ√ 18
≈∫.¡./™—Ë«‚¡ß ·≈– 45 ≈∫.¡.·°ä /≈∫.¡.¢Õß‡À≈« µ“¡
≈”¥—∫ · ¥ß¥—ß Figure 7 æ∫«à“„π™à«ß∑’Ë§«“¡‡¢â¡¢âπ¢Õß
·Õ¡‚¡‡π’¬‡æ‘Ë¡®“° 100 ‡ªìπ 200 ppm ª√– ‘∑∏‘¿“æ„π
°“√∫”∫—¥·Õ¡‚¡‡π’¬ Ÿß¢÷Èπµ“¡§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬∑’Ë
 Ÿß¢÷Èπ °“√‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„πÕ“°“»‡ªìπ°“√
‡æ‘Ë¡·√ß¢—∫‡§≈◊ËÕπ„π°“√∂à“¬‚Õπ¡«≈®“°«—Ø¿“§·°ä ‡¢â“ Ÿà
«—Ø¿“§¢Õß‡À≈« √«¡∑—Èß‡ªìπ°“√‡æ‘Ë¡Õ—µ√“‡√Á«¢ÕßªØ‘°‘√‘¬“
∑”„Àâª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥„π™à«ß∑’Ë§«“¡‡¢â¡¢âπ¢Õß
·Õ¡‚¡‡π’¬‡æ‘Ë¡®“° 100 ‡ªìπ 200 ppm ‡æ‘Ë¡¢÷Èπµ“¡§«“¡

Figure 5. Average NH
3
 removal efficiency vs.

NaOCl  concentration  using  NaOCl

solution as an absorbed liquid (inlet

NH
3
 concentration = 500 ppm, air flow

rate = 18 m3/h, G:L ratio = 45 m3 gas/

m3 liquid and average removal eff. at

t = 180-300 min)

Figure 6. Average NH
3
 removal efficiency vs.G:L

ratios  using  NaOCl  solution  as  an

absorbed liquid (inlet NH
3
 = 500 ppm,

air flow rate = 18 m3/h, NaOCl con-

centration = 1000 mg/L and average

removal eff. at t = 180-300 min)
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∂à“¬‚Õπ¡«≈¢Õß·Õ¡‚¡‡π’¬®“°«—Ø¿“§·°ä ‰ª¬—ß«—Ø¿“§
¢Õß‡À≈«°àÕπ ·≈â«®÷ß‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π°—∫ NaOCl
µ“¡¡“‡ªìπÕπÿ°√¡ ®“°°“√»÷°…“π’È¬—ßæ∫«à“¢—ÈπµÕπ°“√∂à“¬
‚Õπ¡«≈‡ªìπ¢—ÈπµÕπ§«∫§ÿ¡Õ—µ√“‡√Á«√«¡¢Õß√–∫∫ °“√‡æ‘Ë¡
ª√– ‘∑∏‘¿“æ¢Õß√–∫∫∫”∫—¥®–µâÕßª√—∫µ—«·ª√¥”‡π‘π°“√∑’Ë
¡’º≈µàÕ°“√∂à“¬‚Õπ¡«≈ §◊Õ Õ—µ√“°“√‰À≈¢ÕßÕ“°“» ·≈–
G:L ratio „Àâ‡À¡“– ¡

3. °“√„™â “√≈–≈“¬ H
2
SO

4
 ‡ªìπ “√¥Ÿ¥´÷¡

3.1 º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ H
2
SO

4

µàÕª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬

º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ H
2
SO

4
 µàÕ

ª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬· ¥ß„π
Figure 8 æ∫«à“°“√„™â “√≈–≈“¬ H

2
SO

4
 ‡ªìπ “√¥Ÿ¥´÷¡∑’Ë

pH µà“ßÊ π—Èπ®–„Àâª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥·Õ¡‚¡‡π’¬„π
Õ“°“» Ÿß°«à“°“√„™âπÈ”·≈–¡’ª√– ‘∑∏‘¿“æ§ß∑’Ëµ≈Õ¥™à«ß‡«≈“
∑’Ë»÷°…“ ∑—Èßπ’È‡æ√“–‡°‘¥®“°°≈‰°√à«¡√–À«à“ß°≈‰°°“√¥Ÿ¥´÷¡
·≈–°≈‰°°“√‡°‘¥ªØ‘°‘√‘¬“ –‡∑‘π√–À«à“ß·Õ¡‚¡‡π’¬·≈–
 “√≈–≈“¬ H

2
SO

4
 ‚¥¬·Õ¡‚¡‡π’¬®“°«—Ø¿“§·°ä ®–∂à“¬

‚Õπ‡¢â“ Ÿà«—Ø¿“§¢Õß‡À≈«·≈–∂Ÿ° –‡∑‘π¥â«¬°√¥ H
2
SO

4
 µ“¡

 ¡°“√ (4) ∑”„Àâ‰¡à¡’·Õ¡‚¡‡π’¬‡À≈◊ÕÕ¬Ÿà„π “√¥Ÿ¥ ÷́¡®÷ß
 “¡“√∂π” “√¥Ÿ¥ ÷́¡À¡ÿπ‡«’¬π°≈—∫¡“„™â„À¡à‰¥âµ≈Õ¥‡«≈“
¥”‡π‘π°“√‚¥¬∑’Ëª√– ‘∑∏‘¿“æ°“√∫”∫—¥§ß∑’Ë

2NH3 + H2SO4 → (NH4 )2 SO4 (4)

‡¡◊ËÕæ‘®“√≥“º≈¢Õß pH ¢Õß “√¥Ÿ¥ ÷́¡µàÕ
ª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬  æ∫«à“

Figure 7. Average NH
3
 removal efficiency vs.

inlet NH3 concentration using NaOCl

solution as adsorbed liquid (air flow

rate = 18 m3/h, G:L ratio = 45 m3 gas/

m3 liquid, NaOCl concentration = 100-

500 ppm and average removal eff. at

t = 180-300 min)

Figure 8. NH
3
 removal efficiency vs. time using

H
2
SO

4
 solution as adsorbed liquid (inlet

NH
3
 concentration = 500 ppm, air flow

rate = 18 m3/h and G:L ratio = 45 m3

gas/m3 liquid).
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ª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬®“°Õ“°“»≈¥≈ß‡¡◊ËÕ pH
‡æ‘Ë¡¢÷Èπ ¥—ß· ¥ß„π Figure 9 ´÷Ëß Õ¥§≈âÕß°—∫°“√»÷°…“
¢Õß Hung ·≈–§≥– (2003) ®–‡ÀÁπ‰¥â™—¥‡®π«à“‡¡◊ËÕ§à“ pH
‡æ‘Ë¡¢÷Èπ®“° 4.0 ‡ªìπ 9.5 ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥®–≈¥
≈ß®“°ª√–¡“≥ 100% ‡À≈◊Õ‡æ’¬ß 74% ·≈–„π™à«ß pH
‡∑à“°—∫ 4.0-6.0 ®–„Àâª√– ‘∑∏‘¿“æ°“√∫”∫—¥ Ÿß ÿ¥∂÷ßª√–¡“≥
100% ·≈–‡¡◊ËÕæ‘®“√≥“®“°§à“¡“µ√∞“π TLV-TWA  ”À√—∫
ª√–‡∑»‰∑¬´÷Ëß°”Àπ¥§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„πÕ“°“»
„π∫√√¬“°“»°“√∑”ß“π‰«â‰¡à‡°‘π 50 ppm (°√¡‚√ßß“π

Õÿµ “À°√√¡, 2546) ®–‰¥â«à“§à“ pH ¢Õß “√≈–≈“¬ H
2
SO

4

„π™à«ß 4.0-6.5 °Á‡æ’¬ßæÕ∑’Ë®–∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»„Àâ
ºà“π¡“µ√∞“π TLV-TWA‰¥â

3.2 º≈¢Õß G:L ratio µàÕª√– ‘∑∏‘¿“æ°“√∫”∫—¥

·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬

ª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬®“°Õ“°“»
‡ ’¬°—∫‡«≈“∑’Ë G:L ratio µà“ßÊ ‡¡◊ËÕ„™â “√≈–≈“¬ H

2
SO

4

‡ªìπ “√¥Ÿ¥´÷¡· ¥ß¥—ß Figure 10 æ∫«à“ª√– ‘∑∏‘¿“æ°“√
∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬∑’Ë G:L ratio „¥Ê ¡’§à“§ß∑’Ë
µ≈Õ¥√–¬–‡«≈“¥”‡π‘π°“√ ‡æ√“–°“√∫”∫—¥·Õ¡‚¡‡π’¬‡°‘¥
®“°°≈‰°√à«¡¢Õß°“√¥Ÿ¥´÷¡°—∫ªØ‘°‘√‘¬“ –‡∑‘π¥—ßÕ∏‘∫“¬‰«â
„πÀ—«¢âÕ 3.1

Õ‘∑∏‘æ≈¢Õß G:L ratio µàÕª√– ‘∑∏‘¿“æ°“√
∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‚¥¬‡©≈’Ë¬µ≈Õ¥√–¬–‡«≈“¥”‡π‘π
°“√ ”À√—∫°√≥’∑’Ë„™â “√≈–≈“¬ H

2
SO

4
 ‡ªìπ “√¥Ÿ¥´÷¡· ¥ß

¥—ß Figure 11 æ∫«à“§«“¡ —¡æ—π∏å√–À«à“ßª√– ‘∑∏‘¿“æ°“√
∫”∫—¥·Õ¡‚¡‡π’¬°—∫ G:L ratio ‡ªìπ‰ª„π≈—°…≥–‡¥’¬«°—∫
°√≥’∑’Ë„™âπÈ”À√◊Õ “√≈–≈“¬ NaOCl §◊Õª√– ‘∑∏‘¿“æ°“√
∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»®–≈¥≈ß°—∫ G:L ratio ∑’Ë‡æ‘Ë¡¢÷Èπ
Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕ‡ª√’¬∫°—∫°√≥’∑’Ë„™âπÈ”·≈–„™â NaOCl ‡ªìπ
 “√¥Ÿ¥ ÷́¡ ÷́Ëß‰¥â°≈à“«∂÷ß°àÕπÀπâ“π’È·≈â« æ∫«à“°“√·ª√‡ª≈’Ë¬π
¢Õß G:L ratio „π°√≥’∑’Ë„™â “√≈–≈“¬ H

2
SO

4
 ‡ªìπ “√

¥Ÿ¥ ÷́¡¡’º≈µàÕª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬πâÕ¬°«à“°√≥’
∑’Ë„™âπÈ”À√◊Õ “√≈–≈“¬ NaOCl ¥—ß®–‡ÀÁπ‰¥â®“° Figure 11
‡¡◊ËÕ G:L ratio ‡æ‘Ë¡¢÷Èπ®“° 35 ≈∫.¡.·°ä /≈∫.¡.¢Õß‡À≈«
‡ªìπ 45 ≈∫.¡.·°ä /≈∫.¡.¢Õß‡À≈« æ∫«à“ª√– ‘∑∏‘¿“æ°“√
∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»≈¥≈ß‡æ’¬ßª√–¡“≥ 3% „π¢≥–
∑’Ë°“√·ª√‡ª≈’Ë¬π¢Õß G:L ratio „π™à«ß‡¥’¬«°—π‡¡◊ËÕ„™âπÈ”
À√◊Õ “√≈–≈“¬ NaOCl ®–∑”„Àâª√– ‘∑∏‘¿“æ°“√∫”∫—¥≈¥
≈ß∂÷ß 10% ·≈–‡¡◊ËÕæ‘®“√≥“°“√·ª√‡ª≈’Ë¬π¢Õß G:L ratio
µ≈Õ¥™à«ß∑’Ë»÷°…“§◊Õ  ‡æ‘Ë¡®“°  35  ≈∫.¡.·°ä /≈∫.¡.¢Õß
‡À≈« ‡ªìπ 90 ≈∫.¡.·°ä /≈∫.¡.¢Õß‡À≈« ª√– ‘∑∏‘¿“æ
°“√∫”∫—¥·Õ¡‚¡‡π’¬‡¡◊ËÕ„™â “√≈–≈“¬ H

2
SO

4
 ‡ªìπ “√¥Ÿ¥

´÷¡≈¥≈ß‡æ’¬ßª√–¡“≥ 10% · ¥ß«à“ªØ‘°‘√‘¬“°“√ –‡∑‘π
°√¥¡’ª√– ‘∑∏‘¿“æ Ÿß°«à“ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¥â«¬‚´‡¥’¬¡
‰Œ‚ª§≈Õ‰√¥å ®÷ß “¡“√∂„™â¢Õß‡À≈«¥Ÿ¥´÷¡„πÕ—µ√“°“√‰À≈∑’Ë
πâÕ¬°«à“‚¥¬¬—ß§ß„Àâª√– ‘∑∏‘¿“æ°“√∫”∫—¥ Ÿß

Figure 9. Average NH
3
 removal efficiency vs. pH

of H
2
SO

4
 solution (inlet NH

3
 concentra-

tion = 500 ppm air flow rate =18 m3/h,

G:L ratio = 45 m3 gas/m3 liquid and

average removal eff. at t = 180-300 min)

Figure 10. NH
3
 removal efficiency vs. time using

H
2
SO

4
 solution as adsorbed liquid

(inlet NH
3
 concentration = 500 ppm,

air flow rate =18 m3/h and pH=6.5±

0.5).
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3.3 º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„πÕ“°“»

‡ ’¬µàÕª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬

º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬∑’Ë∑“ß‡¢â“
¢Õß§Õ≈—¡πå∫√√®ÿ∑’Ë·ª√‡ª≈’Ë¬π„π™à«ß 150-500 ppm µàÕ
ª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬‡¡◊ËÕ„™â “√≈–≈“¬ H

2
SO

4

‡ªìπ “√¥Ÿ¥´÷¡∑’Ë pH ¢Õß “√≈–≈“¬ H
2
SO

4
 Õ—µ√“°“√‰À≈

¢ÕßÕ“°“» ·≈– G:L ratio ‡∑à“°—∫ 6.5±0.5 18 ≈∫.¡./
™—Ë«‚¡ß ·≈– 45 ≈∫.¡.·°ä /≈∫.¡.¢Õß‡À≈« µ“¡≈”¥—∫ · ¥ß

¥—ß Figure 12 æ∫«à“°“√·ª√‡ª≈’Ë¬π¢Õß§«“¡‡¢â¡¢âπ¢Õß
·Õ¡‚¡‡π’¬∑’Ë∑“ß‡¢â“„π™à«ß 150-500 ppm ¡’º≈µàÕ°“√
‡ª≈’Ë¬π·ª≈ß¢Õßª√– ‘∑∏‘¿“æ°“√∫”∫—¥πâÕ¬¡“° (ª√–¡“≥
3%) ∑—Èßπ’È‡æ√“–ªØ‘°‘√‘¬“ –‡∑‘π·Õ¡‚¡‡π’¬¥â«¬°√¥ H

2
SO

4

„Àâª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬ Ÿß¡“° °“√·ª√‡ª≈’Ë¬π
§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬∑’Ë∑“ß‡¢â“„π™à«ß§«“¡‡¢â¡¢âπ∑’Ë
»÷°…“®÷ß¡’º≈µàÕª√– ‘∑∏‘¿“æ°“√∫”∫—¥πâÕ¬

4. °“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥·Õ¡‚¡‡π’¬

„πÕ“°“»‡ ’¬‡¡◊ËÕ„™âπÈ”  “√≈–≈“¬ NaOCl ·≈– “√

≈–≈“¬ H
2
SO

4
 ‡ªìπ “√¥Ÿ¥´÷¡

°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬„π
Õ“°“»‡ ’¬‡¡◊ËÕ„™âπÈ”   “√≈–≈“¬ NaOCl  ·≈– “√≈–≈“¬
H

2
SO

4
 ‡ªìπ “√¥Ÿ¥´÷¡∑’Ë ¿“«–¥”‡π‘π°“√‡¥’¬«°—π · ¥ß¥—ß

Figure 13 ®“°√Ÿª¥—ß°≈à“«®–‡ÀÁπ‰¥âÕ¬à“ß™—¥‡®π«à“°“√„™â
 “√≈–≈“¬ H

2
SO

4
 ‡ªìπ “√¥Ÿ¥ ÷́¡„π√–∫∫ ®–„Àâª√– ‘∑∏‘¿“æ

°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“» Ÿß ÿ¥  √Õß≈ß¡“§◊Õ °“√„™â
 “√≈–≈“¬ NaOCl  à«π°“√„™âπÈ”®–„Àâª√– ‘∑∏‘¿“æ„π°“√
∫”∫—¥µË” ÿ¥ ¥—ßπ—Èπ°“√„™â “√≈–≈“¬ H

2
SO

4
 ‡ªìπ “√¥Ÿ¥´÷¡

‚¥¬§«∫§ÿ¡ pH „π™à«ß 6.5±0.5 ®÷ß‡ªìπ·π«∑“ß∑’Ë‡À¡“–
 ¡∑’Ë ÿ¥ ”À√—∫°“√∫”∫—¥·Õ¡‚¡‡π’¬®“°Õ“°“»  à«π°“√„™â
 “√≈–≈“¬ NaOCl ‡ªìπ “√¥Ÿ¥´÷¡·¡â®–„Àâª√– ‘∑∏‘¿“æ Ÿß

Figure 11. Average NH
3
 removal efficiency vs.

G:L ratio (inlet NH
3
 concentration =

500 ppm, air flow rate = 18 m3/h, pH =

6.5±0.5, and average removal eff. at

t = 180-300 min)

Figure 12. Average NH
3
 removal efficiency vs.

inlet NH
3
 concentration using H

2
SO

4

solution as an adsorbed liquid (air

flow rate = 18 m3/h , G:L = 45 m3 gas/

m3 liquid, pH = 6.5±0.5 and average

removal eff. at t = 180-300 min)

Figure 13. NH
3
 removal efficiency vs. time for

various adsorbed liquids (inlet NH
3

concentration = 500 ppm , air flow

rate = 18 m3/h and G:L ratio = 45 m3

gas/m3 liquid)
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 ‡ªìπ “√¥Ÿ¥´÷¡ ∑”°“√»÷°…“ªí®®—¬À≈—°Ê ∑’Ë¡’º≈µàÕ

ª√– ‘∑∏‘¿“æ°“√∫”∫—¥·Õ¡‚¡‡π’¬„πÕ“°“» ‰¥â·°à G:L ratio
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¿“æ°“√∫”∫—¥„Àâ§ß∑’Ëµ≈Õ¥√–¬–‡«≈“¢Õß°“√¥”‡π‘π°“√‰¥â
‡¡◊ËÕæ‘®“√≥“‡≈◊Õ° “√¥Ÿ¥´÷¡∑’Ë‡À¡“– ¡ æ∫«à“ “√≈–≈“¬
H

2
SO

4
 ‡ªìπ “√¥Ÿ¥´÷¡∑’Ë‡À¡“– ¡∑’Ë ÿ¥ ”À√—∫°“√∫”∫—¥

·Õ¡‚¡‡π’¬„πÕ“°“»‡ ’¬ ‡æ√“–„Àâª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥
·Õ¡‚¡‡π’¬„πÕ“°“» Ÿß ÿ¥·≈–ª√– ‘∑∏‘¿“æ°“√∫”∫—¥‡ª≈’Ë¬π
·ª≈ß°—∫°“√·ª√‡ª≈’Ë¬π¢Õßµ—«·ª√¥”‡π‘π°“√πâÕ¬¡“°

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥ ¿“§«‘™“«‘»«°√√¡‡§¡’ §≥–«‘»«°√√¡-
»“ µ√å ·≈–∫—≥±‘µ«‘∑¬“≈—¬ ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å ∑’Ë
 π—∫ πÿπß“π«‘®—¬π’È ®π ”‡√Á®≈ÿ≈à«ß‰ª¥â«¬¥’ ¢Õ¢Õ∫§ÿ≥∑’¡
«‘®—¬ HPRG ∑’Ë π—∫ πÿπ°“√«‘®—¬∫“ß à«π ¢Õ¢Õ∫§ÿ≥ §ÿ≥
®√√¬“ Õ‘π∑¡≥’ ∑’Ë„Àâ§”ª√÷°…“°“√«‘‡§√“–Àåµ—«Õ¬à“ßµ≈Õ¥
°“√»÷°…“«‘®—¬

‡Õ° “√Õâ“ßÕ‘ß

°√¡‚√ßß“πÕÿµ “À°√√¡. 2546. À≈—°ªØ‘∫—µ‘‡æ◊ËÕ°“√ªÑÕß°—π
¡≈æ‘… (‡∑§‚π‚≈¬’°“√º≈‘µ∑’Ë –Õ“¥)  ”À√—∫Õÿµ “À-
°√√¡√“¬ “¢“¬“ßæ“√“.

APHA, AWWA. and WPCF. 1971. Standard methods
for the Examination of Water and Wastewater.
APHA,Inc. New York. 107-111, 232-233.

Brettschneider, O., Thiele, R., Faber, R. and Wozny, G.
2004. Experimental investigation and simulation
of the chemical absorption in a packed column
for  system  NH

3
-CO

2
-H

2
S-NaOH-H

2
O.  Sep.

Purif. Technol. 39: 139-159.
Chu, H., Chien, T.W. and Li, S.Y. 2007. Simultaneous

absorption of SO
2
 and NO from flue gas with

KMnO
4
/NaOH solutions. The Science of The

Total Environ. 275: 127-135.
Hung, C.M., Lou, J.C. and Lin, C.H. 2003. Removal of

ammonia solutions used in catalytic wet oxida-
tion processes. Chemosphere. 52: 989-995.

Gamisans, X., Sarra, M., and Javier Lafuente, F.J. 2002.
Gas  pollutants  removal  in  a  single-  and  two-
stage ejector-venturi scrubber. J. Hazard. Mater.
90: 251-266.

Tsai, C-J., Chang, C-T., Liu, T-W., Huang, C-C., Chien,
C-L., and Chien, H.M. 2004. Emission char-
acteristics and control efficiency of acidic and
basic  gases  and  aerosols  from  packed  tower.
Atmos. Environ. 38: 643-646.


