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Estimation of Ammonia Stripping Condition for Adequate Aerobic 
Liquid-Composting of Swine Manure
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Aeration is the most important and indispensable operation unit for the treatment of swine manure using
aerobic liquid-composting process. The composting of swine manure depends on biological treatment
process, but the highly concentrated ammonia nitrogen is required a pretreatment to expect the
appropriate efficiency of the biological treatment process. In this study, pilot experiments have been
carried out to estimate of the fit condition about ammonia stripping process as a pretreatment to aerobic
liquid- composting. pH adjustment with Ca(OH)2 was economically superior to use of NaOH and optimum
pH of ammonia stripping was 12.3, ammonia nitorgen was rapidly removed as pH were increased at 35℃℃.
When air stripping is performed before aerobic liquid-stripping, a high initial pH is required for complete
ammonia removal and is additional effects such as organic substances, phosphorus, turbidity, and color
removal. Stripping process was very efficient in the pretreatment of highly concentrated ammonia nitrogen
for composting of swine manure. Emission rate of gaseous ammonia was 0.5355 mole s-1 at initial time and
0.0253 mole s-1 at finitial time. The fit condition of ammonia stripping in this study were at the temperature
of 35℃℃, and the pH of 12.3 during 48 hours.

Key words : Swine manure, Composting, Ammonia stripping

ࢲ ঱

о୷ ַ࠙ܳ ੉ਊೠ ృ࠺੄ ࢑਷ࢤ షন ੉ച೟ࢿ

߂ धࢿޛ੄ ѐࢶ, धࢿޛ੄ ѐࢶ ١җ э਷ ృ࠺੄

ബҗܳ ੋ੿ೣਵॄ۽ Ӓ ਊ۝਷ࢎ ֙ݒ ૐоೞҊ ੓

Ӓ۞ա .׮ о୷ ַ࠙੄ ୊ܻী ੓যࢲ ޛࢤ޷ ࠙೧੄

৔ೱਵ۽ ੋ೧ ,ইפݽ఍, ടചࣻࣗ, ఍࢑оझ, ঐݫ

ࢿߊൃ ਬӝച೤ޛҗ э਷ ঈஂ৬ ਬ೧оझ۽ ੋ೧

ృ࠺ ࢑ࢤ ജ҃੄ ঈച৬ ؀ӝജ҃੄ য়৏ ١਷ о୷

ַ࠙੄ ੤੉ਊ ߂ ੗ਗചী ௼ա ௾ ۽੼ਵઁޙ ࠗп

Ҋغ ੓׮ (Kang et al., 2000).

ജ҃ࠗח 2005֙ ঈஂߑ૑ߨਸ ా೧ ঈஂߓ୹दࢸਸ

ࢸ୷࢑द ,ݴ੿ೞ৓ਵࢶ ઺ী חࢎت 50m2 ੉࢚੉ ৈ

ӝী ೧غ׼Ҋ, ੉Ѫ਷ 2006֙ 1ਘࠗఠ ੸ਊغয ੸ߨ

ઁઁܳ ѱ߉ ౠ൤ .׮ػ ࢲীࢎت חغ୹ߓ बೠ ঈஂ

ח ઱۽ ַ࠙ت ઺੄ ঐפݽইࢿ ૕ࣗకী ੄ೠ ঘ࢚

ীࢲ ӝ࢚ਵ۽੄ ૕੹ജਸޛ ా೧ ۽޲غࢤߊ

(Bonmati and Flotats, 2003), ੉ী ؀ೠ ੸੺ೠ উߑ

੉ ೙ਃೠ प੿੉׮.

নت ృ࠺੄ द࠺ җ੿ীࢲ ૕ࣗ࠙ࢿ઺੄ ਬܻ ਖ਼ܨ

૕ࣗח NH3 оझ۽ যغߊൃ बೠ ঈஂܳ ਬߊೞ޲

۽ द࠺ ੉੹ী ୽࠙൤ ૕ࣗ ਸ࠙ࢿ ઁѢ दெ઱ח

Ѫ੉ ੄࠺૒ೞ૑݅, ృۈ߄ ઺ਃ ੋ࠙ࢿ ૕ࣗܳ ઁѢ

ೣਵॄ۽ ృ࠺੄ о஖ܳ ѱܻڰযڄ ۽޲۞Ӓ .׮ػ
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੄ַ࠙ت ృ࠺ചী ੓যࢲ ַ࠙ت ઺੄ ૕ࣗ ೣ۝ਸ

ੌ੿ ࣻળਵ۽ ਬ૑೧ ઱ח दীز ঈஂܳ ബҗ੸ਵ

۽ ઁযೞח উ੉ߑ ਃҳ׮ػ.

Ӓ۞۽޲ ਋ܻח ੄ַ࠙ت ੸೤ೠ ഐӝࢿ ঘ࠺ച

ఎӝઑѤਸ ੿ೞӝࢸ ਤ೧ࢲ 2.0 m3 ਊ۝੄ ַܳ࠙ت

୊ܻೡ ࣻ ੓ח batch ߑध੄ pilot ੢஖ܳ ઁ੘ೞৈ,

1) ఎӝܳ ాೠ ঐפݽই оझ੄ ܳب୹ࣘߑ ࢑੿ೞ

Ҋ, 2) C/N࠺ Ѣزਸ ౵ঈೞৈ ੸੿ ఎӝदрਸ ࢑੿

ೞ৓׮. ૕ࣗ ੄࠙ࢿ ఎӝ दীח ۝੄׮ ঐפݽই о

झо ੉ ,۽޲غ୹ߑ ܳઁޙ ೧Ѿೞӝ ਤ೧ࢲ ঈஂܳ

ઁѢೞӝ ਤ೧ Ҋغਊࢎ ੓ח spray tower, packing

tower, diffused air ҕߨ ઺ীࢲ(Lee and Cho, 2002),

packing tower ҕߨਸ ੸ਊೞৈ ఎӝ द੄ ୹оझߓ

ܳ ୊ܻೞ৓׮.

੤ܐ ߂ ߨߑ

द೷ਊ pilot ੢஖ ҳࢿ द೷ਊ pilot ੢஖੄ ҳࢿ਷

ַ࠙ت ୊ܻਊ۝ 2.0 m3 ੄ batch ߑधਵ۽ ইې੄

Fig. 1җ э੉ ҳࢿೞ৓׮. ঐפݽই ఎӝ द

blower(2.5-2.8 m3 min-1-2,500 ㎜Aq)ীࢲ ҕәחغ

ҕӝо ਽ઑ߈ ೞࠗী ੓ח diffuserܳ ా೧ ַ࠙ت

૕ਸݒ ాҗೞৈ ఎӝо ੉ܖয૓׮. ખ؊ ੸ਵࠗࣁ

۽ प೷੢஖੄ flowܳ ݶೞݺࢸ ਺җ׮ э׮. blower

ܳ ా೧ ҕәػ ҕӝח diffuserܳ ా೧ ೠࣁ޷ ҕӝ

۽਎(ಣӐ૒҃: 140 ㎛)ߑ যغࢎ࠙ ঘ ઺ਵ۽ ഛ࢑

਽ઑ߈ .׮ػ ࢚ࠗী োѾػ duct৬ োѾػ fanਸ ా

೧ оझܳࢤߊ झ௼۞۽ߡ ਬبೞҊ, झ௼۞ߡীח

൚ࣻঘ(H2SO4-0.1N)ਸ ࣽജಐ೐ܳ ా೧ palling੉ ୽

૓ػ ൚ࣻ఑ী दெࢎ࠙ ࢚ೱܨ ۽धਵߑ оझ৬ࢤߊ

൚ࣻঘ੉ ੽ୢೞৈ ঐפݽইо ൚ࣻ ߂ ઁѢػ റী

୒੿ೠ оझо ۽ࠗ৻ ਽ઑ੄߈ .׮ػ୹ߓ pHܳ ઑ੺

ೞӝ ਤೠ Ca(OH)2৬ H2SO4 ডঘಐ೐ח ਽ઑী߈ ࢸ

஖ػ pH meter৬ োغزয ػ੿ࢸ ࣻ஖ী ۄٮ ੗ز

ਵ۽ ੘زೞח धਸߑ ஂೞҊ ੓׮.

दܐ ࢳ࠙ pilot ੢஖ীࢲ ଻ஂೠ दחܐ pH, SS,

T-C, T-N, NH4-N ࠙ࢿਸ ੉ .׮ೞ৓ࢳ࠙ प೷ী ࢎ

ਊػ ੗ز ஏ੿ ੢஖੄ Ү੿਷ pH, temp. meter ী

؀ೞৈ प೷ ੹җ റী पदೞ৓׮. pH meter

(Daeyang SP-500D, Korea)੄ ੿ഛೠ ૑द чਸ ঳ӝ

ਤೞৈ, пп੄ pH 4৬ 7ੋ ಴ળ buffer Solutionਸ ੉

ਊೞৈ ৡܳب ੿ೞৈࠁ Ү੿ೞ৓׮. ৡחب 25℃ীࢲ

пп pH 4.01 җ pH 6.86, pH 9.18۽ 1ഥ पदೠ റ

ೞৈࠂ߈ द׮ Ү੿ೞ৓׮. ৡ҅ب KONICS)ࢲࣃ

KN-2110, Korea)ח 4℃ীࢲ חSS .׮੿ೞ৓ࠁ ਬܻࢻ

ਬ ৈ૑ߨਵ۽ ৈҗೠ റ ೦۝ೞৈ ੹·റ੄ ѱରޖ

۽ ജ࢑ೞ৓ਵݴ, T-Cח EC/OC Analyzer (SSM-

5000A, Shimadzu , Japan)۽ ܳب֪ ஏ੿ೞ৓׮. ૕

਷࠙ࢿࣗ ૕ࣗ࠙ࢳӝ(TN-7200, Gerharbt German)۽

ஏ੿ೞ৓Ҋ, NH4-N਷ Indophenol-blueߨਵ۽ ೞࢳ࠙

৓ਵݴ, ঐפݽই оझח Gasteck Ѩ૑ҙਸ ੉ਊೞৈ

ஏ੿ೞ৓׮.

ַ࠙ت ಴ݶীࢲ ঐפݽই ীߊൃ ؀ೠ ૕۝੹׳

ӝ੹ ഇӝࢿ ߂ ഐӝࢿ ঘ࠺ച ୊ܻ੢஖ী ੓যࢲ

ঈஂח ঘ࢚ ಴ݶীࢲ੄ ૑ࣘ੸ੋ ঐפݽই оझ੄

୹ীߑ ੄ೠ Ѫਵ۽, ੉৬ ҙ۲ػ ૕۝੹׳ ࢲী؛ݽ

ח ঐפݽই ૕۝੹׳ਯ(mass transfer rate)੄ ࠺ࢿࢤ

৬ оب֪ Ҋ۰غҊ ੓׮ (Arogo et al., 1999).
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Fig. 1. Schematic representation of the pilot set up of the batch stripper/semibatch absorber system. Removal and recovery efficiency
of the ammonia in air stripping process for piggery wastewater was investigated with pH 12 and present temperature. Air was
supplied by an air blower. Temperature was set at present(25℃℃). Air flow was set 2.5 m3 min-1 and liquid volume was 2 m3. Air
charged with ammonia was contacted through a strong acid solution. The absorption process was performed at air temperature.



M਷ ૕੄ޛߊൃ ૕۝ kg, Kח ૕੄ޛߊൃ ୨Қޛ૕

੹ࣻ҅׳ m s-1, A0ח ݶ҅ ಴ݶ੸ ㎡, CL਷ ঘ ઺ী

ਊ೧ػ ૕ޛߊൃ ب֪ g L-1, Cairח ҕӝ઺ ૕ޛߊൃ

੄ ب֪ g L-1 ӒܻҊ tח दр੉׮.

ঐפݽই ఎӝ ࠄ োҳী ੉ਊػ নتತࣻח ੹

بթۄ ࣽୌदী ਤ஖ೠ ࣻفਭࢎ ف5000 ӏݽ੄ A

֪੢ীࢲ ଻ஂೞ৓ਵݴ, दחܐ ୭ୡ ઑ؀ झ௼ܽਵ

۽ ઑ؀ ഈ੟ Ҋഋޛਸ ઁѢदఅ റ ࣁ޷ झ௼ܽ੉

ࠗ଱ػ ૓ز ܻ࠙ӝܳ ా೧ ઑ؀ ੑ੗ܳ Ѧ۞ ਊೞࢎ

৓׮. ঐפݽই੄ ఎӝ ߂ ૕۝੹׳ী ܲٮ ߊൃ ੿ب

о Ҋഋ࠙ חࢲী݅޷ 1% ௾ ৔ೱ੉ হਵա (Arogo

et al., 1999), ੉ ੉࢚ীחࢲ Ҋഋޛ੄ оب֪ ૐоೡ

۾ࣻ ঐפݽই ఎӝബਯ੉ хࣗೞח Ѫਵ۽ աఋլ׮

(Whang and Cho, 2004). ੉ח, दܐ ղ ੑ੗࢚ޛ૕੉

݆੉ ઓ੤ೡ ҃਋ ঘ୓৬ ӝ୓੄ ҃҅கীࢲ ૕੹ޛ

ਸ׳ ੷೧ೞৈ ਬܻঐפݽইо ؀ӝ ઺ਵ۽ ఎӝغ૑

ೞӝޅ ੉ܳ ,۽޲੉ޙٸ хউೞৈ োҳ ؀࢚ दܐ઺

੄ Ҋഋޛ੄ ೣ۝ਸ ծ୶ӝ ਤ೧ दܳܐ ૓زझ௼ܽ

ਵ۽ Ѣܲ റ .׮ਊೞ৓ࢎ

दܳܐ ਽ઑ߈ 2 m3 ী Ҋ, ୡӝ߉ pH 7.1ীࢲ

Ca(OH)2ܳ ੉ਊೞৈ pHܳ ۽12 ઑ੺ೠ റী ҕӝܳ

2 m3 min-1 ۽ 24दр ੉࢚ ಩ӝܳ ా೧ ঐפݽইࢿ

૕ࣗ৬ ૕ࢿ࢑ ૕ࣗ੄ ਸز߸ ҙ଴ೞ৓׮. ತࣻࠗ۽

ఠ ఎӝ ߂ ഥࣻ оמೠ ঐפݽই੄ ন਷ ঐפݽই

оझ/ঘ ಣഋҗ ঘ࢚੄ ঐפݽই ೧ܻ ಣഋী ੄ઓ

ೠ׮ (Bonmati and Flotats, 2003). ࣻਊঘ઺੄ ঐפݽ

ই ಣഋ਷ pH৬ ৡبী ੄ઓೞݴ, ਬܻ ঐפݽই ֪

חب ਺੄׮ धਵ۽ ಴അೡ ࣻ ੓׮.

[NH3] = ਬܻঐפݽই mol L-1 ,ب֪

[NH3+NH4
+] = ୨ ঐפݽই ب֪ mol L-1

Ka = ঐפݽই੄ ࢑੉ৡച࢚ࣻ(acid ionzation constant)

pKa = 4×10-8×T3-9×10-5×T2-0.0356×T+10.072

ध(3)

pKaח ध(3)җ э੉ ৡب T੄ ೣࣻ੉ݴ, Lide

(1993)੄ ઺׮ ഥӈधী ੄೧ ੿݀غ঻Ҋ, ׮਺җ э

਷ ഋࢶ࠺ ഥӈधਵ۽ ಴അೡ ࣻ ੓׮.

E(t) = EMAX·exp(-k1t)+EMIN·exp(-k2t)   ध(4)

ৈӝࢲ E(t)ח दрী ܲٮ ঐפݽই بࣘࢤߊ mol

s-1, k1ח ୡӝ ঐפݽই੄ ୹҅ࣻߑ hr-1, k2ח উ੿ӝ

ী ٜযࢶ ঐפݽই੄ ࣻ҅ࢤߊ hr-1, ӒܻҊ EMAXח

ୡӝ ୭؀ ঐפݽই بࣘࢤߊ mol s-1, EMIN਷ উ੿ӝ

੄ ঐפݽই بࣘࢤߊ mol s-1, tח दр hrਸ աఋղ

Ҋ ੓׮. ఎӝػ ঐפݽই оझח ട࢑ ൚ࣻঘਸ ੉ਊ

ೠ ੿धࣁ झ௼۞ܳߡ ా೧ ୊ܻೞ৓ਵݴ, spiral

nozzle(2 kg ㎝-2)ਸ ా೧ ӝঘ ੽ୢ࠺ 2.0 ੉࢚੄ ઑ

Ѥীࢲ palling੉ ୽੹ػ ୽੹఑(packed tower)ਸ ా

೧ ൚ࣻ ઁѢೞ৓׮.

Ѿҗ ߂ Ҋ଴

दܐ੄ ࢚ࢿ ୡӝ ੄ַ࠙ت ਸ࢚ࢿ Table 1ী ա

ఋղ঻׮. pHח ۽7.1 ઺ࢿਸ աఋղҊ ੓ਵݴ, ୨ ૕

חࣗ 6,922 mg L-1 , ୨ Ҋഋޛ਷ ۽4.7% աఋլ׮.

2002֙ ֪ࣻ୷࢑नޙীࢲ ಴ೠߊ ী߄ ݶܰٮ ਋ܻա

ࢲীۄ חغ࢑ࢤ ૑ظ ַ੄ T-N ֪חب 4,543 mg L-1

੉঻Ҋ, 2001֙ ઁ઱૑৉ নت੢ Pit੄ ঘ࠺ ઺੄ T-N

оب֪ 3,278 mg L-1 ੉঻ਵݴ, Kim et al., (2004)੉

ઁ઱૑৉ 70ѐ ֪оীࢲ ઑࢎೠ slurry type੄ ࢎت

ತࣻ઺੄ NH4
+-N ಣӐ֪חب 2,640 mg L-1 ੉ۄҊ

ҊೞҊࠁ ੓׮. Whang and Cho (2004)ח ҃ӝب ਊ

ੋदী ࣗ੤ೠ slurry type੄ ֪੢ীࢲ ଻ஂೠ ತࢎت

ࣻ ઺੄ NH4
+-N ֪חب 3,786 mg L-1 ੉঻Ҋ, Lee et

al., (2001)਷ ૑ظ షՙ ,ف3,500 2,000ܻ݃, ઀ࣗ ف80

ܳ חਭೞࢎ ഒ೤ ୷ࢎ੄ ತࣻ ઺੄ pHо 8.5-8.8ੋ

ড ঌணܻࢿ੉Ҋ, T-N਷ 2,846-3,037 mg L-1 ਤߧ ੋ

Ѫਵ۽ ઑࢎೞ৓׮. Hobbs et al., (1999)਷ ࢲীࢎت

חغ୹ߓ ঈஂޛ૕ਸ ಣоೞӝਤ೧ ৔Ҵ National

breeding company੄ ࢲীࢎت ತࣻ ઺੄ T-N࠙ࢿਸ

חب֪ ,ೞ৓Ҋࢳ࠙ 3,600 mg L-1 ੉঻׮. ୡӝ ࠙ت

ַ੄ ܳࢎઑ࢚ࢿ ా೧ ਋ܻо प೷ೠ ַ࠙ت ઺੄ T-

N ֪بо Ү੸࠺ ܲ׮ োҳ৬ ઑܳࢎ ా೧ աఋդ

ࣻ஖ী ೧࠺ ֫਷ Ѫਵ۽ ౵ঈغ঻׮.
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dM
= KA0(CL - Cair)                   ध(1)

dt

[NH3+NH4
+]     [NH3+NH4

+]
[NH3] =               =                  ध(2)

[H+]       1 + 10pKa-pH

1 + 
Ka

Items

pH

Sample Temperature, ℃
Ambient Temperature, ℃
Ambient Relative Humidity, %

TKN, mg L-1

NH4-N, mg L-1

NO3-N, mg L-1

TS, %

VS, %

FS, %

Water Content, %

7.1

29.1

24.9

78.5

6,922.5

5,378.5

1,124.5

4.7

3.6

1.1

95.3

Contents

Table 1. Characteristics of piggery waster water sample.



pH ઑ੿ ۽੸ਵ߈ੌ ੄ַ࠙ت ҃਋ pH 7-8 ߧਤ

۽ ઺ࢿীࢲ ডঌணܻ ࣻળী ੓ਵݴ, ঐפݽই ఎӝ

ܳ ਤ೧ࢲ pHܳ ࢚थदఃח җ੿੉ ೙ਃೞ׮. pHܳ

࢚थदఃӝ ਤ೧ ઱۽ חغਊࢎ दড਷ Ca(OH)2৬

NaOHо ੓ਵݴ, दܐী ؀ೞৈ ઱ੑ۝ ࠺؀ pH ࢚

थ಩ী ؀ೞৈ प೷ೠ Ѿҗܳ ইې੄ Fig. 2ী աఋղ

঻׮. ৈӝীࢲ pHܳ 12ө૑ ࢚थदఃӝ ਤ೧ࢲ пп

20%-Ca(OH)2৬ 10N-NaOHܳ ۽੸ਵ҅ױ ઱ੑೞ৓

ਸ ҃਋ Fig. 2৬ э੉ Ca(OH)2ח ড 56 g L-1 о,

NaOHח 36 g L-1 о ೙ਃೞ׮. Ӓ۞ա NaOH੄ ҃਋

Ca(OH)2 ׮ࠁ ੸਷ ন੉ ࣗਃغ૑݅, NaOHח ੤਽

૘җ ੼بо ֫ই૑ח അ࢚੉ ੓ਵݴ, ঘ࠺઺੄ Na+

ೣ۝ী ৔ೱਸ ബਯ਷ ,۽޲஖޷ NaOHী ೧࠺ যڄ

૑૑݅ Ca(OH)2ܳ ਊೞৈࢎ pHܳ ઑ੿ೞ৓׮.

Ca(OH)2ח NaOH׮ࠁ pH ઑ੿ীח ծ਷ ബਯਸ ࠁ

੉૑݅, NaOHী ೧࠺ ഻ঁ оѺ੉ ੷۴ೞৈ ҃ઁ੸

੉ݴ, NaOH ׮ࠁ ࢿة ߂ ஂә ࣻળ੉ ਊ੉ೞ۽޲

୷࢑֪оীࢲ חਊೞӝীࢎ ഻ঁ ಞ੄ࢿ੉ ֫਷ ੢੼

੉ ੓ژ .׮ೠ Ca(OH)2о Ca2+ ৬ 2OH- ۽ ೧ܻݶغ

ܐद ,ࢲ ઺੄ ઺Әࣘ ߂ җ࠙ࢿੋ ࢲݶ਽ೞ߈ ଱৏ਸ

ೞৈࢿࢤ ઺Әࣘ (Bicudo and Svoboda, 1995) ߂ ੋ

੄ ܳب֪ ੷хदఃژ ,ݴೠ ਬӝޛ૕җ ١بఌ ,ب࢝

੄ ઁѢ (Carlsson et al., 1996)৬ э਷ ࠗࣻ੸ੋ ബҗ

о ੓ח Ѫਵ۽ ઑغࢎҊ ੓׮. Ӓ۞ա Ca(OH)2ܳ ఎ

ӝܳ ਤೠ pH ઑ੿ী ੉ਊೠ ח਺ী׮ Ү੸࠺ ݆਷

۝੄ slurryо ۽޲ೞࢤߊ ఎӝ৮ܐ റ ഐӝࢿ ঘ࠺ച

ী҅ױ ٜযоӝ ੹ী slurryܳ ઁѢೞৈ ઱ח ੘স੉

द٘߈ ೙ਃೞ׮.

ঐפݽই ఎӝ ੸੿ ਍੹ઑѤ ঐפݽই ఎӝҕ੿

਷ pH৬ ৡبо ઱ਃ ੋ੗۽ ੘ਊೞৈ ఎӝബਯী

௾ ৔ೱਸ ח஖޷ Ѫਵ۽ োҳغ঻׮ (Bonmati and

Flotats, 2003; Liao et al., 1995). Liao et al., (1995)੄

োҳ૓਷ ַ࠙ت ठ۞ܻܳ ࢚ৡ 22℃, pH 10.5-11.5۽

ਬ૑ೞৈ ঐפݽই ఎӝद೷ਸ ࣻ೯ೠ Ѿҗ ֫਷ ঐ

ইפݽ ઁѢബҗܳ ঳঻ਵա, ݆਷ ন੄ ഥ઱ੑਵࢳ

۽ ੋ೧ CaCO3 झாੌ੉ ഋחغࢿ оઁޙ חೞࢤߊ

Ѫਸ ੉ ,ݴѼೞ৓ਵߊ ܳઁޙ ೧Ѿೞӝ ਤ೧ pH ࡺ

݅ ইۄפ ৡܳب ֫ѱ ਬ૑ೞח Ѫ੉ ߽೯ೞৈ ੉ܖ

যઉঠ ೠ׮Ҋ ҊೞҊࠁ ੓׮. Bonmati and Flotats

(2003)਷ ৈӝী ଱উೞৈ ৡܳب 80℃, pH 11.5۽ ೞ

ৈ ঐפݽই ఎӝप೷ਸ ࣻ೯ೞ৓ਵݴ ַ࠙ت ठ۞ӝ

઺੄ ঐפݽই࠙ࢿਸ ৮੹൤ ઁѢೡ ࣻ ੓ח׮ Ѿҗ

ܳ Ӓ۞ա .׮Ҋೞ৓ࠁ ఎӝҕ੿੄ ബਯ਷ pHо ֫

Ҋ, ߈਽ৡبо ֫ਸࣻ۾ ֫ই૑૑݅ प೷੢஖ܳ അ

੢ী ੸ਊೡ ҃਋ী ਍੹࠺ਊ਷ ൤׼࢚ ૐоೡ Ѫਵ

۽ ৘࢚۽޲غ ঐפݽই ఎӝҕ੿੄ ੸੿ ਽߈ ઑѤ

਷ ੉۞ೠ ೯ࢶ ܳઁޙ ೧Ѿೞӝ ਤೠ ਊಞ੊੄࠺ ҙ

੼ীࢲ Ѿ੿غযঠ ೡ Ѫਵ۽ ੉ .׮ػױ౸ োҳীࢲ

ৡبઑѤ਷ ੐੄੸ਵ۽ ୶റ ঘ࠺ച ୊ܻী ੓যࢲ

ഐӝࢿ Ӑ੉ࣁ धೞӝߣ જ਷ ઑѤੋ ড 35℃ ࠗӔਵ

۽ Fig. 3਷ .׮੿ೞ৓ࢸ ೠੌز ୡӝ NH4
+-N ֪ب

ઑѤীࢲ ৡܳب ۽℃35 Ҋ੿ೞҊ pHܳ 9.3, 10.9,

12.3ਵ۽ ߸ചदெ ঐפݽই ఎӝप೷ਸ ࣻ೯ೠ Ѿҗ

ܳ աఋղҊ ੓׮. pH 9.3 ઑѤীחࢲ ఎӝо ՘դ ੉

റ ୡӝ ੄ب֪ 42.7%о хࣗೞ৓Ҋ, pH 10.9 ઑѤী

חࢲ 82.3%, pH 12.3 ઑѤীחࢲ 94.3%о хࣗೠ Ѫ

ਵ۽ աఋա pH 12.3ীࢲ о੢ ਋ࣻೠ ঐפݽই ఎӝ

ബਯਸ աఋչ׮. пп੄ ઑѤী ؀ೠ ஏ੿੗ܳܐ ࠺

ഋഥӈࢶ धਸ ੉ਊೞৈ Fig. 3੄ N(t)1, N(t)2, N(t)3

৬ э਷ ૑ࣻхࣗҋࢶਵ۽ धೡب ࣻ ੓ਵݴ, ੉Ѫ਷

਺੄׮ ध(5), (6), (7)۽ ಴അೡ ࣻ ੓ੌز .׮ೠ ઑ

Ѥীࢲ प೷ೡ ҃਋ ੉ धਸ ੉ਊೞৈ ఎӝറ ۽಴ݾ

ೞח ৘࢚֪ܳب ా೧ ఎӝदрਸ Ѿ੿ೡ ࣻ ੓ਵݴ,

۽؀߈ ػ੿ࢸ ఎӝदрী ؀ೠ ঐפݽই ఎӝ ب֪

ܳ ࢑୹ೡ ࣻ ੓׮.
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Fig. 2. Changes of pH at NaOH and Ca(OH)2 chemical
dosages.

Fig. 3. Residual concentrations of NH4
+-N at various pH level.



N(t)1=2,784+2,520exp(-0.0643t), 

R2=0.996, P=0004                 ध(5)

N(t)2=2,502+4,822exp(-0.0677t), 

R2=0.994, P=0007                 ध(6)

N(t)3=2,203+5,082exp(-0.1131t), 

R2=0.998, P=0001                 ध(7)

ঐפݽই ب୹ࣘߑ ਽ઑ੄߈ दܐ ಴ݶ਷ ҕӝ৬

੽ୢغয ੓ਵݴ, ੉ۿ੸ਵ۽ ੽ୢݶীחࢲ ঐפݽই

੄࠙ࢿ ӝঘ ಣഋਸ ੉ܖҊ ੓׮. ৈӝࢲ fanਸ ஖ࢸ

ೞৈ ಴ݶҗ ੽ୢೞח ҕрਸ ਺঑ਵ۽ ਬ૑ೞৈ ղ

۽ࠗ नࢶೠ ҕӝܳ ਬੑदఇਵ۽ ঐפݽই੄ ୹ࣘߑ

ܳب ૐоदఆ ࣻ ੓׮. Ӓ۞ա दܐ಴ݶҗ ੽ୢೞח

ҕӝ੄ ܳبࣘ ૐоदఇਵ۽ ঐפݽই੄ ಴ݶ ୹ࣘߑ

ܳب ࢚थदః૑݅, ಴ݶਬࣘ੉ ૐоೞৈ ੌ੿ ࣻળ

ী ੉ܰݶ ૕۝੹׳ਯ੉ ௾ ಩ਵ۽ хࣗغয दܐ಴

ࢲীݶ חغ୹ߑ ਖ਼ܨ ঐפݽই ਷࠙ࢿ ௾ ಩ਵ۽ х

ࣗೠ׮.

ঐפݽই੄ ܳب୹ࣘߑ पઁ ஏ੿ೠ ੗ܳܐ ৬ ध

(4)ܳ ా೧ ҳೠ ৘ஏҋࢶਸ Fig. 4ী धೞৈب Ү࠺

೧ pH 12, 35℃, 2.5 m3 .׮ওࠁ min-1-air, 2 m3-liquid

੄ ఎӝઑѤীࢲ ୡӝ ঐפݽই੄ חب୹ࣘߑ ড 0.53

mole s-1۽ ஏ੿غ঻ਵݴ, दрী ۄٮ ૑ࣻ੸ਵ۽ х

ࣗೞࢲݶ ؀ۚ 5दр૩ী ੽যٜݴ ૑୓ӝী ੽যٜ

Ҋ ੉റ ৮݅ೠ ܳࢎ҃ ੉Ҋࠁ ੓׮. ध(4)੄ ਸ؛ݽ

ా೧ ҳೠ ৘ஏҋࢶ E(t)ীبࢲ ୡӝ ୹҅ࣻߑ k1਷

0.589ਵ۽ ਋ݒ ֫਷ ݶ߈ റӝ ୹҅ࣻߑ k2ח ۽0.039

ୡӝী ೧࠺ ਋ݒ ծই઎਺ਸ ഛੋೡ ࣻ ੓঻׮. ૊

಩ӝ ѐदറ ড 5दрਸ ੹റ۽ ೞৈ ੹୓ ঐפݽই

ఎӝ۝੄ 50% ੉࢚੄ ਬܻ ঐפݽই ૕ࣗ ੉࠙ࢿ ߑ

୹غҊ ੓঻׮. ஏ੿чҗ ৘ஏҋ࢚ࢶ੄ ч਷ Pearson-

R2੉ 0.99੉࢚ਵ۽ ۽p<0.001 ਵ ,ݴ঻ਵغ࢑҅ ಣоغ

঻ژ .׮ೠ ੗ӝ࢚ҙ ৈࠗܳ աఋղח Durbin-

Wastson ҅ࣻח ۽1.5124 Ѩ੿غয ੗ӝ࢚ҙ੿חب

਋ݒ ծই ৘ஏч਷ ా҅੸ਵ۽ ਬ੄ೠ ࣻળਵ۽ ౵

ঈغ঻׮. ఎӝী ਊೠࢎ ਗࣻ઺ ୨Ҋഋޛ੄ ೣ۝੉

Ҋঘܻ࠙ܳ ೮਺ীب ࠛҳೞҊ ড Arogo ,ࢲ۽4.7%

et al., (1999)੉ ઁदೠ Ҋഋޛ 1% ੉࢚੄ ࣻળীࢲ

ח Ҋഋޛী ੄ೠ ৔ೱਸ ই߉ ঐפݽই੄ ૕۝੹׳

੉ хࣗೞ۽޲, ఎӝ ബҗܳ ؊਌ ֫੉ӝ ਤ೧חࢲ ੉

৬ э਷ ਗࣻ ઺੄ Ҋഋޛ੄ ܳب֪ ୭ࣗചೞח উߑ

ਸ ъҳೞৈঠ ೡ Ѫਵ۽ .׮ػױ౸

ঐפݽই ఎӝ ઺ C/N࠺ ߸ച ഐӝࢿ ঘ࠺ച ੹

୊ܻࢲ۽੄ ঐפݽই੄ ఎӝ ੸਷ݾ C/Nܳ࠺ ഐӝࢿ

੉ޛࢤ޷ धೞӝߣ ਤೠ ୭੸੄ ઑѤਵ۽ ઑ੺ೞӝ

ਤೣਵ۽ ఎӝदрী ܲٮ ୨఍ࣗ۝җ ୨૕ࣗ۝ਸ ࠺

Үೞৈ Fig. 5ী աఋղ঻׮. ఎӝ द ਬܻ ਖ਼ܨ ঐݽ

ইפ ݅ࡺ࠙ࢿ ইۄפ ҕӝܳ ా೧ ࢑ࣗо ഝߊೞѱ

ҕәؽਵॄ۽ ഐӝ੸ ઑѤਸ ਬ૑ೞৈ ഐӝࢿ ޛࢤ޷

ٜী ੄ೠ ਬӝޛ੄ ࠙೧ഝز ৉द ഝߊ൤ ੌযաѱ

۽޲۞Ӓ .׮ػ ఎӝ৬ ೣԋ TC(total carbon) ৉द

TN(total nitrogen)җ ೣԋ хࣗೞ۽޲, C/Nب࠺ ߸ച

ೠ׮. Fig. 5ীࢲ৬ э੉ ఎӝ ୡӝী TC৬ TN فݽ

әѺ൤ хࣗೞա ੉റ ੼૓੸ਵ۽ ੄ب֪ хࣗо ૑

୓חغ Ѫਵ۽ աఋլ׮.

ୡӝ C/N ח࠺ 4.32 ੉঻Ҋ, ఎӝറ C/N ח࠺ 6.28

੉঻׮. ഐӝࢿ ୊ܻद উ੿੸ੋ ૕ࣗઁѢܳ ਤ೧ࢲ

ח C/N ܳ࠺ ড 6-10ਵ۽ ਬ૑ೞৈঠ ೞݴ (Lee and

Cho, 2002), ঘࢲ۽࠺੄ о஖ܳ ഛࠁೞӝ ਤ೧חࢲ ୭

ઙ੸ੋ ঘ࠺੄ C/Nח࠺ 10 ੉࢚ਵ۽ যঠغ ೠ׮. ݅

ੌ C/Nܳ࠺ ؊਌ ֫੉ӝ ਤ೧חࢲ pilot system੄ ҕ

ӝ ҕә۝ਸ ૐоदఃח ߨߑ (Lee and Cho, 2002),

઱ੑҕӝৡܳب хࣗदఃח ߨߑ (Arogo et al.,

1999), ҕәदрਸ חܻט ١੉ߨߑ ੸ਊؼ ࣻ ੓ѷਵ

ա, pilot system੉ पઁ ୷࢑֪оী ੸ਊؼ ҃਋ী ੢
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Fig. 4. Comparison of gaseous NH3 emission rate in measured
value and predicted curve.

Fig. 5. Residual concentrations of TN and TC during stripping
period.



஖੄ ӏݽо ؀ӏݽച ࢲݶغ ੉৬ э਷ ࠗ࠙੄ ബਯ

ਸ ૐ؀दఃӝ ਤೠ ҃ઁ੸ੋ ਊ࠺ ৉द әѺ൤ ૐо

ೞѱ न઺൤ ,۽޲غ Ҋ۰೧ঠ ೡ Ѫਵ۽ .׮ػױ౸

Fig. 5ী աఋդ ஏ੿чਸ ੉ਊೞৈ ୶੿ೠ ഥӈ ҋࢶ

਷ ਺੄׮ ध(8)җ ध(9)۽ աఋյ ࣻ ੓׮.

TN(t)=2,938exp(-2.1404t)+3,055exp(-0.0066t)

R2=0.990, P=0.0016                 ध(8)

TC(t)=7,977exp(-0.8411t)+17,904exp(-0.0051t)

R2=0.991, P=0.0001                 ध(9)

੉ धਸ ా೧ ਤ੄ чਸ Fig. 6ী աఋղ঻ਵݴ, ੸

੿ ఎӝ दрਸ ୶੿೧ࠁও׮. ਋ܻо ೠ҅ࢸ pilot

system੄ ࢲਊ۝ী҅ࢸ C/Nܳ࠺ ֫੉ӝ ਤೠ ୭੸੄

਍ਊߨߑ਷ Fig. 5ীࢲ ஏ੿чਸ ా೧ ҳೠ ഥӈҋࢶ

ध ध(8)җ ध(9)ܳ ా೧ C/N࠺о ড ۽6.5 ୶੿ػ

ఎӝ 48दр ੿بо, pilot੄ അ੢ ੸ਊী ఋ׼ೡ Ѫਵ

۽ .׮ػױ౸

ঐפݽই ൚ࣻ ঐפݽই ఎӝҕ੿ীࢲ ೠࢤߊ ঐ

ইоझܳפݽ ട࢑ ൚ࣻঘী ൚ࣻदఅ റ, ੉ ਊঘਸ

ইפݽঐ ,ݴೞ৓ਵࢳ࠙ ੄࠙ࢿ ૕ࣻ૑ܳޛ Fig. 7ী

աఋղ঻׮. ୡӝ੄ ঐפݽইࢿ ૕ࣗ੄ חب֪ 5,378

mg L-1(pH 7.6)੉঻Ҋ, 10.2 g L-1੄ Ca(OH)2ܳ ઱ੑ

ೞৈ pHܳ ઑ੺ೠ Ѿҗ ੄ַ࠙ت pHח 10.9, ঐפݽ

ইࢿ ૕ࣗ࠙ࢿ੄ ਖ਼ܨ חب֪ 4,673 mg L-1ੋ Ѫਵ۽

ઑغࢎ঻׮. ఎӝܳ ా೧ 79.6% о۝੄ ঐפݽইࢿ

૕ࣗ࠙ࢿ੉ ઁѢغ঻ਵݴ, ఎӝػ ঐפݽই оझ੄

ড 81.3%о ട࢑ ൚ࣻঘী ൚ࣻغ঻׮. ఎӝҕ੿ীࢲ

ػ୹ߓ Ҋ֪ب੄ ঐפݽই оझח ൚ࣻঘী ൚ࣻػ

റ ۝੉׼࢚ ࣚपػ Ѫਵ۽ աఋլਵݴ, ੉Ѫ਷ ൚ࣻ

ঘ ઺੄ ട࢑੉ৡҗ ঐגݽ੉ৡ੄ ಣഋઑѤীࢲ ঐݽ

ג ੉ৡ੉ җನച যغ ۝੄׼࢚ ঐגݽ੉ৡ੉ ঐݽ

ইפ оझ ഋక۽ ੤ ఎӝػ Ѫਵ۽ ୶੿׮ػ. Ӓ۞޲

۽ ַ࠙ت ઺੄ ֫਷ ૕ࣗೣ۝਷ ঐפݽই ఎӝҕ੿

ীࢲ Ҋ֪ب੄ ঐפݽই оझܳ ൚ࣻ ,۽޲दఃࢤߊ

ਯਸ উ੿ೞѱ ਬ૑ೞӝ ਤ೧חࢲ ൚ࣻঘ੄ ৬ب֪

নਸ ೙ਃী ۄٮ ੸੺൤ ઑ੺೧ ઱যঠ ೡ Ѫਵ۽

.׮ػױ౸

ਃ ড

ַ࠙ت ઺੄ ঈஂ ਸ࠙ࢿ ઁѢೞח दীز ృ࠺੄

C/N ܳ࠺ ੸੿ ࣻળਵ۽ ਬ૑ೞӝ ਤೠ ࢲ۽উਵߑ

୷࢑֪оী әਸࠁ ۽੸ਵݾ pilot ੢஖ܳ ઁ੘ೞৈ

ַܳ࠙ت ഐӝࢿ ঘ࠺ച ୊ܻೞӝ ੉੹ী ঐפݽই

ఎӝҕ੿ प೷ਸ ࣻ೯ೞ৓׮. ঐפݽই ఎӝܳ ਤೠ

pH ઑ੿ਸ Ca(OH)2ܳ ੉ਊೞ৓ਵݴ, NaOHী ೧࠺

഻ঁ അ੢ ੸ਊࢿ੉ ਊ੉ೠ Ѫਵ۽ ౵ঈغ঻׮. ঐݽ

ইפ ఎӝҕ੿੄ ੸੿ pHܳ ୹ೞӝب ਤ೧ пп pH
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Fig. 6. Change of predicted C/N ratio during stripping period.

Fig. 7. Mass conversion system of ammonia component.
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ܳ 9.3, 10.9, 12.3 ਵ۽ ઑ੺ೞৈ ఎӝप೷ਸ ࣻ೯ೠ

Ѿҗ pHо о੢ ֫਷ 12.3ীࢲ о੢ ਋ࣻೠ Ѫਵ۽

աఋլҊ, ੉ٸ חب਽ৡ߈ 35℃੉঻׮. ঐפݽই ఎ

ӝҕ੿੉ ૓೯חغ উز ਬܻঐפݽই ૕ࣗ੄ оझ࢚

ঐפݽই۽੄ ੹ജਸ ా೧ חغࢤߊ חب୹ࣘߑ ఎӝ

ҕ੿ ୡӝীח 0.5355 mole s-1 ੉঻Ҋ ఎӝҕ੿ റӝ

ীח 0.0253 mole s-1 ۽ աఋա, ઱۽ ఎӝҕ੿ ୡӝ

ী ݆਷ ন੄ ঐפݽই оझо חغ୹ߑ Ѫਸ ঌ ࣻ

੓঻׮. ఎӝҕ੿઺ C/N࠺ ߸ചח ୡӝ ַ࠙ت ਗࣻ

о 4.5੉঻Ҋ ఎӝҕ੿ ୡӝী 6.3ਵ۽ ૐоೠ ੉റী

੼૓੸ਵ۽ ૐоೞ৓׮. ੸੿ೠ ఎӝܳ ਤೠ ୭੸੄

ఎӝदр਷ TNҗ TC੄ ഥӈ ҋࢶਸ ా೧ C/N࠺о

6.5 ࠗӔੋ ড 48दр੉ ੸೤ೠ Ѫਵ۽ Ѿۿ૑঻׮.

ఎӝܳ ా೧ ַ࠙ت ઺੄ ঐפݽইࢿ ૕ࣗ࠙ࢿ਷

79.6% ੷хغ঻ਵݴ, ൚ࣻঘਸ ా೧ ػ୹ߓ ঐפݽই

оझ੄ 81.3%ܳ ઁѢೞ৓׮.
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