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ᄔाᄔाᄔाᄔा 

Ӄࡰ[1]زࣴ߻рಥՅύ໔ނёૈڀԖתᄽౢႝύ

ϟٰނගଯౢႝϐૈΚǶӆޣǴܭ༾ғނಥՅࢂႝౢک

ᝡݾᜢ߯[2]ϐ߻ගΠǴӧ༾ғނёញрϐႝη೯ໆڰ

Ԗਏ׳ނᇨᏤ༾ғٰނϐౢႝύϟ܄ࢥచҹΠǴаեۓ

ញܫр׳ӭႝηǴаගଯౢႝکಥՅਏ౗ཱུࣁख़ाǶҗ

ץǴӢԜ२Ӄа܄ࢥނԖғڀӭނύϟႝౢޑε೽ϩܭ

ԛಥՅϷғڥނ֎ሺϩٰ݋૸ፕౢႝύϟނϐёՉᏊ

ໆǴҁࣴ׳ز຾΋؁аAcinetobacter johnsonii NIUx72

ష๵ႝԣаϷAeromonas hydrophila NIU01પ๵ႝԣٰ

ᡍ᛾ౢႝύϟکނ༾ғႝౢނϐ໔ޑᜢ߯Ǵᙖҗబуό

ӕᏊໆύϟނ຾ΕႝԣаϷቲНೀ౛ၸำύǴКၨӚᅿ

ೲ౗ߏϐᡂϯаϷКಥՅೲ౗(SDR)ǵКғૈ܄ႝౢ

(SGR) Ǵ຾ՉᏊໆϸᔈϐ܄ࢥϩ݋Ǵаۓကр༾ғނᐯ

਑ႝԣե܄ࢥ຾ՉಥՅύ໔ނబуаߦ຾ౢႝϷಥՅ

ന٫బуᏹբ฼ౣǴҁࣴ٠زჹኧᅿёૈϐౢႝύϟނ

຾ՉёՉ܄ຑ՗Ƕ٠аϯᏢ่ᄬৡ౦ࣁ๱౳Ǵ௢ෳрё

  。ᔈҔុࡕܭԖౢႝύϟբҔϐϯᏢ่ᄬǴаճڀૈ

 

ᜢᗖӷǺࢉ਑ಥՅǵ༾ғނᐯ਑ႝԣǵႝηఖǵҬߔࢬ

 ᓎ᛼ל

NSC Project no.: NSC 98-2221-E-197-007-MY3  

1 ᙁϟᙁϟᙁϟᙁϟ 

༾ғނᐯ਑ႝԣ(MFCs)߈ࢂԃٰќ΋ᅿཥᑫϐ

ඹжғ፦ૈྍϐж߄ǶҞ߻ MFCزࣴޑӭԵቾ่ӝΑ

ғႝౢނаϷቲНೀ౛а຾ՉૈྍӣԏӆճҔǴࢂа׳

಄ӝᆘՅ҉ុϐའᝣԿའᝣϐғᄊ೛ीཷۺǶԶҗܭ༾

ғނೀ౛ࢉ᏾ቲНӭӧჇ਼చҹΠǴӃࡰ׳زࣴ߻рӧ

झϣଽේᗋচሇનϐ໽ϯΠǴ຋ှଽේࢉ਑ύޑଽේ

ᗖǴ཮ౢғಥՅжᖴޱ३ữϐύ໔ނ[3ǵ4]ǴԜᜪޱ३

ữύ໔ૈ׳ނᙖҗӳ਼చҹΠ຾΋؁࿶җ♏୷ϯ 

(hydroxylation) ک໒ᕉ (ring-opening) ϸᔈԶ຾Չफ़ှǴ

फ़եࢉࡋ᏾ቲНֹӄೀ౛ǴаයёஒᕉნԦำࢉёஒ׳

ԿനλǶࣴ Ԗёаբڀёૈཱུނ௢ෳಥՅжᖴύ໔׳ز

ύҭගϷԜᜪύزΚ[5]Ǵӧ೽ϩࣴૈޑނ໺ႝύϟࣁ

໔ނёૈҭڀԖගଯ༾ғނಥՅਏ౗ޑёૈ[6]܄Ǵՠ

ғނғڋ׭Ԗڀނ३ữύ໔ޱрԜᜪࡰӕਔҭ[5]زࣴ

ኧໆǵނၸଯǴ༈ѸஒᏤठ༾ғ܄ࢥނғࢂǴऩ܄ࢥϐߏ

ғ܄ࢲނफ़եǴคᅪӦஒౢႝ༾ғނϐೀ౛ૈΚ׎ԋᝄ

ख़ϐુ࠶ǴӢԜҁࣴزஒుΕ௖૸Ԝᜪޱ३ữύ໔ނჹ

ܭ MFCs཮ౢғϐቹៜǴаයΑှӧ MFCsᏹբೀ౛ࢉ

᏾ቲНਔǴஒౢғϐ่݀Ƕ 

٣ჴ΢Ǵ༾ғႝౢނԿϿ໪࿶Οঁϸᔈᐒٰڋ຾

ՉǺ (1) ಒझጢ่ӝ਼ϯᗋচೈқ (ٯӵǺಒझՅન)Ǵ

(2) ႝη࿶җ਼ϯᗋচϟ፦ٰ໺ሀ  ȐٯӵǺ֊㸧 

(phenazine)Ǵ䆉 (quinones)ȑǴ(3) ᏤႝᚎЛȐڼ܈ԯጕȑ

ౢႝ๵ဂ (ٯӵ Geobacter sp. ᆶ Shewanella sp.)[7ǵ8]Ǵ

ฅԶऩӧ MFCs ύ༾ғߕނ๱ӧႝཱུ߄य़׎ԋғނጢ

аౢႝϐ༾ғނኧໆ߻ޑۓڰࢂගΠǴନׯᡂႝཱུ߄य़

፦ѦǴჴᜤаԖਏගଯൂՏਔ໔ϣႝཱུ΢ಒझጢёញ܄

рϐᕴႝηኧǶӆޣǴҗܭᏤႝᚎЛϐౢႝ๵ဂғނӭ

ኬ܄ၨեǴӢԜऩགྷගଯ MFCsϐౢႝਏૈǴځനёՉ

ᏹբ฼ౣᔈࢂуΕѦྍ਼܄ϯᗋচႝηఖϐϟ፦ǴฅԶ

Ԝ༈Ѹ೷ԋ MFCsౢႝаϷቲНೀ౛ϐԋҁගଯǴऩૈ

ᙖҗೀ౛ࢉ᏾ቲНౢ܌ғޱޑ३ữύ໔ނǴёתᄽԜᚐ

ѦబуϐѦྍ਼܄ϯᗋচϟ፦ϐفՅǴӵԜёᗉխ؃ࣁ

ගଯႝԣਏૈࠅѦуёૈ೷ԋΒԛԡࢉϐϯᏢނ፦Ƕӵ

ԜӧಥՅၸำύǴԜᜪޱ३ữύ໔׳ނёբࣁуೲౢႝ

ϷಥՅϐ൞ϟǴаගଯቲНೀ౛ϐਏ౗Ƕ 

ҁࣴۓڗزAcinetobacter johnsonii NIUx72ష๵ႝ

ԣаϷAeromonas hydrophila NIU01પ๵ᐯ਑ႝԣբࣁ

ຑ՗Ǵ܄ϐёՉނ३ữύ໔ޱჹຝа຾ՉబуኳԄزࣴ

ෳ၂ࢂցёԖਏගଯ༾ғႝౢނϐਏૈǴаኳᔕMFCs

ೀ౛ࢉ᏾ቲНౢрޱ३ữύ໔ނჹႝԣϐቹៜǶ२Ӄჹ

బуނϐғ܄ࢥނ຾Չϩ݋Ǵຑ՗ӧՖᅿᏊໆΠуΕ

MFCsёٛЗႝౢڋ׭༾ғ܄ࢲނϐౢғǴ٠Ъё٬༾

ғނԖਏճҔύ໔ࣁނ൞ϟа٬ߦಥՅౢႝวචԿന

٫ਏૈǶၸำύǴ٬׳ҔႝϯᏢϩ݋ሺǵႝϯᏢҬࢬᓎ



᛼ሺࣁ൞ϟǴٰ ՗ीႝԣф౗ஏࡋǵཱུ ϯԔጕᆶႝԣϐ

ϣߔᡂϯǴа௖૸ޱ३ữύ໔ނჹႝԣႝϯᏢϐቹៜǶ

ന׳ࡕଞჹኳԄޱ३ữύ໔ࢂނցڀԖගଯ༾ғނಥ

ՅਏૈϐૈΚǴа௖૸ύ໔ނჹಥՅ༾ғ܄ࢲނϐቹ

ៜǶӧᏢ౛ԶقǴࢉ਑ಥՅࢂᅿᗋচಥՅϐբҔǴሡा

༾ғނӧҗԖᐒ਼ނϯϐၸำញрႝηǴаගٮ๏ଽේ

ӧញрႝηࢂ߾਑ٰ຾ՉಥՅǶ࣬՟চ౛ΠǴMFCࢉ

ᡏǴႝڙǴа໚ཱུբႝηௗࡕ ηӆ࿶җѦႝၡٰډ഍ཱུǴ

ܭғԋНǶҗࢂ߾਻ௗԏႝηǴԶϣႝၡ਼ࢂ܈਑ࢉ٬

᏾ঁᏹբ΢ҭႝࢂηᙯ౽ϐၸำǴӢԜࢉ਑ಥՅᆶ༾ғ

ҭ၂კှزय़ϐբҔᜢ߯Ƕҁࣴٿ΋ᡏࣁёຎႝౢނ

᠐Ǵӧаబуե܄ࢥԶЪёૈբႝౢࣁύϟނϐౢႝਏ

ૈϩ݋Ǵа௢ፕӧೱុᏹբΠёၮҔϐᏹբ฼ౣ。 

 ݤ਑ᆶБ׷ݤ਑ᆶБ׷ݤ਑ᆶБ׷ݤ਑ᆶБ׷ 2

2.1 ༾ғނᐯ਑ႝԣᇙբᆶ୻Ꭶచҹ 

 ᐯ਑ႝԣ (single chamberނ٬ҔϐൂኲԄ༾ғ܌ 

MFCs, SC-MFCs)Ǵ MFCsϐ௴୏ᏹբႯᎦБ߾ݤ၁ـ

[9]Ƕ٬Ҕ๵ਲ਼ࣁ Acinetobacter johnsonii NIUx72[10]ࣁ

Ьϐష๵аϷ Aeromonas hydrophila NIU01[19]પ๵Ǵ

༾ғނᐯ਑ႝԣϐ๵ਲ਼୻ᎦБݤϷ୻Ꭶ୷ಔԋୖ߾Ե

Ў᝘[9]Ƕ 

2.2 ኳԄޱ३ữύ໔ނϐᒧ᏷ᆶ܄ࢥϩ݋ 

 ނ३ữύ໔ޱ2.2.1

ނӕϩ౦ᄬࣁނ३ữύ໔ޱ٬ҔϐኳԄ܌

2-Aminophenol (2AP)ǵ 3-Aminophenol (3AP)ǵ

4-Aminophenol (4AP) ( Acros Organics Co., Inc., USA)Ƕ

Ӄ߻Ў᝘[5]ࡰрҗܭ 3APҁ٠يόڀԖӅਁ่ᄬٰԖ

ਏբࣁ໺ႝύϟނϐૈΚǴฅԶ 4APᆶ 2APࣣڀԖ໺

ሀႝηϐૈΚǴϩη่ᄬ΢׳Ϣ೚ёᆶঁٿ፦ηᆶঁٿ

ႝη຾Չጠӝ຾Չ਼ϯᗋচޑё଍ϸᔈ[11]Ǵՠҗܭ

4AP܄ࢥၸଯ(ջեᐚࡋջڀԖଯ܄ࢥៜᔈ)Ǵόճܭ༾

ғނғߏǴӢԜҁࣴزЬा٬Ҕ 2AP аբࣁኳᔕೀ౛

ϯᗋচႝη໺਼܄ѦྍࣁԖբڀрёૈౢ܌᏾ቲНࢉ

ሀϟ፦ϐޱ३ữύ໔ނǶ 

 ݋ϩ܄ࢥ2.2.2

 २Ӄۓڗ MFCsϣϐ๵న 0.5ml෗Ε 50mlϐ LB

୻ᎦనύǴӧ 30 ʚǴ125 rpmྕࡡӳ਼୻Ꭶ 12λਔࡕǴ

ڗ 0.5ml෗Ε 300 mLՈమ౟ϣ֖ 0.2 xLB 50ml୻Ꭶన

аϷӚᅿόӕᐚࡋϐ2APࡕௗ΢Micro-Oxymax࠾ഈԄ

଑ ၡ ғ ނ ڥ ֎ ሺ (Columbus Instruments 7395-B20, 

USA)Ǵӧ 30 ʚǴ125 rpmྕࡡНኲύ຾Չӳ਼୻Ꭶ 48

λਔǶғڥނ֎ሺϐਠ҅߾а 1000 mL ϐ኱ྗ਻ᡏ CO2 

(0.5%)຾ՉǶ౛ፕ΢ӧӳ਼୻ᎦၸำύǴғߏਔՔᒿΒ

਼ϯᅹϐѳՉғԋǴӢԜᙖҗғڥނ֎ሺٰ՗ᆉ CO2

ಕᑈໆаᕕှޱ३ữύ໔ނჹ༾ғނғ܄ࢲߏϐቹៜǴ

຾ԶаᏊໆៜᔈԔጕ(does-response curve)ϩ2[12]݋AP

ჹ༾ғౢ܌ނғ܄ࢥޑբҔǴۓڗӧၨե܄ࢥᏊໆ

EC15ǵEC30ΠуΕ༾ғނᐯ਑ႝԣύаբౢႝૈ܄ϐК

ၨϩ݋Ƕ 

2.3ႝϯᏢϩ݋ 

2.3.1 ཱུ ϯԔጕǵф౗ஏࡋ 

 аႝϯᏢπբઠ  (electrochemical workstation) 

(Jiehan 5600, Taiwan) ӧႝԣၲډᛙႝۓᓸᒡрࡕǴ٬

Ҕጕ܄ҷӼݤа຾ՉཱུϯԔጕޑໆෳ [13]Ǵҁࣴز௦Ҕ

தޑـΟႝཱུس಍ǴཱུϯԔጕໆෳྕࡋऊӧ 20±1 ʚ 

ύǴୖԵႝཱུࣁෛϯሌႝཱུ  (Ag/AgCl, KCl (sat.) 

E0=0.199 V)Ǵ ᇶ շ ႝ ཱུ ࣁ қ ߎ ႝ ཱུ  (99.9%, 

10mm×30mm×0.1mm)Ǵπբႝཱུႝࣁԣ഍ཱུ (carbon 

cloth, 22.9 cm2)Ǵჹ༾ғނᐯ਑ႝԣໆෳ߻ǴୖԵϷᇶ

շႝཱུӃՉ੆Ε 30%  H2O2 ຾Չ੃ྐࢥ๵ऊ 1λਔǴԶ

੆Εค๵ѐᚆηН (D.I water) ऊ 1 λਔ੃ନႝཱུ΢ࡕ

ූ੮ϐ H2O2 [14]ǹჹႝԣ๵నҗΠԶ΢೯Εᚼ 30 ϩដ

ේ਻аѐନёૈූ੮ϐ༾ໆ਼਻Ƕႝ ԣӧႝϯᏢໆෳ߻

Ӄໆෳໆ໒ၡႝᓸջคѦႝߔచҹΠϐႝᓸॶǴ٠а໒

ၡႝᓸॶբႝࣁՏ௟ඔϐཱུॶ (ٯӵǺऩႝԣӧႝᓸᛙ

ᄊᒡрރᄊΠޑໆෳᕇள໒ၡႝᓸ0.5 ࣁ VǴ߾೛ۓጕ

VǴ٠բᄌೲ௟ඔ (ջ௟ඔೲ 0.50-0 ࣁҷӼ௟ඔጄൎ܄

౗ scan rate ≤ 1 mV s-1) аᕇளཱུϯԔጕϐኧᏵǴऩࢂ௟

ඔೲ౗ଯܭ 1 mV s-1߾཮೷ԋф౗ஏࡋ೏ଯ՗ϐ౜ຝǴ

ཱུϯԔጕޑໆෳጄൎӧ 0~1Vϐ໔Ǵ௟ඔೲ౗ 1mV s-1Ǵ

Զᒡрф౗ǵф౗ஏࡋϷႝࢬஏޑࡋीᆉёҗ 

AIiAIUPRUP /,/,/2 ===  (A ႝࣁԣ഍ཱུय़

ᑈ) ٰ؃ளǶ 

2.3.3Ҭלߔࢬϩ݋ 

 ճҔႝϯᏢҬࢬᓎ᛼ሺ (HIOKI 3522-50ǴJapan) а

ෳໆ MFCs Ҭלߔࢬᓎ᛼ (Electrochemical impedance 

spectroscopy, EIS)ǴаΒཱུݤ MFCs໚ཱུբࣁπբႝཱུǴ

഍ཱུբୖࣁԵႝཱུᆶᇶշႝཱུ [15]Ǵӧႝᓸᒡрᛙۓ໒

ၡచҹΠǴԾᓎ౗ 104 Կ 5×10-3 Hz ຾Չ҅۰ᘋ୏ਁ൯

 ளϐၗ਑٬Ҕ Zview 2.6b܌mV (Logan, 2008)Ǵ 10.0 ࣁ

(Jiehan Tech.) ೬ᡏำԄϩ݋ Nyquist კǶᕇளלߔޑკ 

(EIS curve) ᆶ x ື  ,real impedance) לߔჴሞࣁ߾ᄒຯޑ

Zre)Ǵёբှႝࣁ፦ႝߔ (electrolyte resistance, Rele)ǹ

ϸᔈࢂࡋߏቹ׫ԔጕޑࡕԔጕӧ x ືҬᗺޑკύלߔ

୏Κႝߔ  (kinetic resistance) ᆶ፦໺ႝߔ  (diffusion 

resistance) ϐک (Rkin + Rdiff) [15]Ƕᙖҗஒྋనႝߔ



(Rs)ǵႝཱུ߄य़ႝߔ(Rct)ǵႝཱུ߄य़ႝ৒ (CPE-T)ǵ

Warburgᘉණלߔ(Ws-R)܌ಔԋޑ฻ਏႝၡǴаᕕှႝ

ԣϣߔϐᡂϯ[16]Ƕ  

 ਑ಥՅࢉ 2.4

 ҁࣴ٬زҔϐኳԄࢉ਑ Reactive Blue 160 (RBu 

160)( Everlight Chemical Ltd Co., Inc., Taiwan)Ǵᙖҗའ

౟ಥՅ၂ᡍ[24] (୻Ꭶచҹࣁ 0.2x LBǴܭ 30oCǵ125rpm

ࣁࡋ਑ᐚࢉ 200 mg L-1)ٰబуኳԄޱ३ữύ໔ނ

(2AP)Ǵаෳ၂ࢂցڀёගଯ༾ғނಥՅਏ౗Ǵၸำύ

਑ࢉ)਑ࢉीໆෳࡋаϩӀӀ߾ RBu 160ϐനε֎ԏঢ়

λmax=616nm)ک๵ᡏ(λmax=600nm)ϐᐚࡋǶځ՗ᆉБ

Ԅ၁ـӵΠǺ 

 ࣁϐໆෳॶࠔ҂࿶ᚆЈϐচ๵నኬۓڗ

X
nm

dye
nm

dyeX
nm ODODOD 600600600 +=+

... (1) 

࿶ଯೲᚆЈ(12000 rpm; 15000 Xg ) 5ϩដࡕǴڗ΢ቫዂ

మన (ଷ೛ѝ֖ࢉ਑)ໆෳ܌ளॶࣁ 

dye
nmnm ODOD 600

sup
600 =

... (2) 

࿶ଯೲᚆЈ(12000 rpm; 15000 Xg) 5ϩដࡕǴڗ΢మన 

(ଷ೛ѝ֖ࢉ਑)܌ளॶࣁ
sup

max
sup

max λλ ODOD =
... (3) 

ஒԜΟԄᖄҥ߾ёளࢉډ਑ᐚࡋ(OD616nmDye)Ϸ๵

ᡏᐚࡋOD600nmX Ȝ(1) – (2)ȝǴӧ፾྽ีញ७ኧܭጕ܄

ጄൎΠ(ऊO.D.<1)Ǵ࿶ᐚࡋਠ҅Ԕጕ՗ᆉрჴሞᐚࡋǴ

๵ᡏϷࢉ਑ᐚࡋਔ໔Ԕጕ࿶ᙯඤ՗ᆉрКғߏೲ౗

(Specific growth rate, SGR)ǵКಥՅೲ౗ (Specific 

decolorization rate, SDR)а௖૸బуϐޱ३ữύ໔ނჹ

༾ғނಥՅϐਏᔈ.  

3333 ่݀ᆶ૸ፕ่݀ᆶ૸ፕ่݀ᆶ૸ፕ่݀ᆶ૸ፕ 

 ᏊໆៜᔈԔጕ݋ϩ܄ࢥ3.1

ᙖҗғڥނ֎ሺ՗ᆉ CO2ಕᑈਔ໔Ԕጕ(კ΋)Ǵё

ܴᡉ࣮рύ໔ނ 2APዴჴڀԖ܄ࢥǴӧჹኧғߏයਔǴ

బуόӕᐚޑࡋ 2AP ჹౢႝ༾ғނ NIUx72 ష๵ǵ

NIU01પ๵ǴڀԖόӕำޑࡋϐ܄ࢥբҔǴ൩ 0.2 x LB

ෳ၂୻Ꭶ୷ΠǴӧόӕᏊໆϐࣁ 2APబуΠǴჹNIUx72

ష๵ғ܄ࢥ܄ࢲߏελ(ൂՏ:mg L-1)ࣁ 2AP(1000) > 

2AP(300) > 2AP(100) > 2AP(30) (კ΋)Ǵჹ NIU01પ๵

ϐ܄ࢥελ(ൂՏ:mg L-1)ࣁ߾ 2AP(1000) > 2AP(100) > 

2AP(300) > 2AP(30)(კ΋)Ǵຫଯϐ CO2ಕᑈໆжځ߄

ᏊډբҔҭ࣬ჹफ़եǹᙖҗ୏ΚᏢӣᘜୖኧीᆉளڋ׭

ໆៜᔈԔጕ(კΒ)׳ёҔٰ௢ޱޕ३ữύ໔ނӧՖᅿ

బуᏊໆΠၨࣁёՉǶӧԜۓڗǴᏊໆᐚࡋ EC15ǵEC30

բႝౢࣁෳ၂ϐ٩ᏵǴа௖૸ёૈӢڋ׭܄ࢥԶቹៜౢ

рǴჹࡰ׳΋߄ϐচӢǴނࢉೀ౛ԡࢂ܈ૈ܄ႝ

NIUx72ǵNIU01ԶقǴ2APϐϸᔈᐚࡋԖ܌όӕ(Ⴝࢂ

EC15(mg L-1) Ǻ  224.52(NIUx72) < 512.06(NIU01)Ǵ

EC30(mg L-1)Ǻ479.07(NIUx72) < 1607.72(NIU01))Ǵᡉ

ҢрNIU01પ๵ჹޱ३ữύ໔ނ(2AP)܄ࢥ৒הऐૈڙ

Κၨ NIUx72ࣁଯǴёૈёӧ׳ଯϐ 2APᐚࡋΠٰගଯ

ౢႝਏૈǶ 

(B) NIU01 & 2AP
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კ΋კ΋კ΋კ΋: 2APόӕᐚࡋΠǴCO2ಕᑈғԋᅱෳϐਔ໔Ԕጕ

(ӣᘜጕۓڗਔ໔ 48hr)(ځ՗ᆉচ౛၁[5]ـ) 

ԖਏᏊໆ܄ࢥ؃рϐ܌ϐៜᔈԔጕ܄ࢥ٩2-⇌ữ :΋߄΋߄΋߄΋߄

ᐚࡋॶ  

  NIUx72 NIU01 

EC0 30.93 25.69 
EC15 224.5 512.1 
EC30 479.1 1608 

Y= A+B logZ Y=0.2455+1.5798 logZ Y=1.1247+1.0465 logZ 

ൂՏǺmg L-1 

[2AP] (mg L-1)
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კΒკΒკΒკΒ: NIUx72ష๵ǵNIU01પ๵ჹόӕᐚ2ࡋAPϐ܄ࢥ

ᏊໆៜᔈԔጕ(ኳԄ՗ᆉᡄᒠёୖԵ[12]) 

3.2 ႝ ϯᏢϩ݋ 

3.2.1 ཱུ ϯԔጕکф౗ஏࡋৡ౦ϩ݋ 

ύ໔ނ 2AP ӧа 0ǵEC15ǵEC30 ᐚࡋΠబуΕ

MFCsࡕ߻຾ՉКၨ(კΟǵѤ)Ǵځф౗ஏࡋӧуΕ 2AP

Ǵ࡚ᗊ΢ϲǴష๵ࡕ NIUx72 ႝԣёҗ 66.44ගଯԿ



170.51ӆफ़եԿ 142.9 (mW m-2)നଯஒቚу 2.56७Ǵж

բҔၨόܴᡉǴႝౢڋ׭܄ࢥΠǴ2APϐࡋӧEC15ᐚ߄

ՠࢂቚԿ EC30ᐚࡋਔڋ׭ځբҔջ೴ᅌᡉ๱Զ NIU01

પ๵ႝԣ߾ёҗ 17.4ගଯԿ 36.1ǴӆගଯԿ 73.56 (mW 

m-2) നଯёቚу 4.23७Ǵҭջж߄ӧ EC15ǵEC30ᐚࡋ

ΠǴ֡όڀԖڋ׭܄ࢥբҔǶё࣮рಥՅύ໔ނ 2AP

ዴჴڀԖჹԜΒ༾ғނᐯ਑ႝԣ֡ڀԖε൯ගϲځғ

рપ๵ࡰΚǴКၨҭૈޑႝౢނ NIU01Кష๵ NIUx72

ճҔૈ׳ 2AP଺ࣁ໺ሀႝηϐౢႝύϟނǶ 
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კΟკΟკΟკΟ: аե܄ࢥᏊໆ2APΠჹNIUx72ϐష๵MFCϐф

౗ஏࡋៜᔈԔጕ(2APᐚࡋϩձۓڗӧ0(Blank)ǵEC15ǵ

EC30ᐚࡋΠ(ջ0 mg L-1ǵ224.5 mg L-1ǵ479.1 mg L-1)Ǵ

࣬ჹᔈϐനεф౗ஏࡋϩձ66.44ࣁmW m-2ǵ170.51 

mW m-2Ϸ142.88 mW m-2Ƕ 

P
ow

er
 D

en
si

ty
 (

 m
W

 m
-2

 )

0

20

40

60

80

100

Blank

EC15 512.06 mg L-1

EC30 1607.72 mg L-1

Current Density (mA m-2) 

0 50 100 150 200 250 300

C
el

l v
ol

ta
ge

 (
V

)

0.0

0.2

0.4

0.6

NIU01

 

კკკკѤѤѤѤ: аե܄ࢥᏊໆ2APΠჹNIUx01ϐપ๵MFCϐф

౗ஏࡋៜᔈԔጕ(2APᐚࡋϩձۓڗӧ0(Blank)ǵEC15ǵ

EC30ᐚࡋΠ(ջ0 mg L-1ǵ512.1 mg L-1ǵ1608 mg L-1)Ǵ

ჹᔈϐനεф౗ஏࡋϩձ17.44ࣁmW m-2ǵ36.14 mW 

m-2Ϸ73.56 mW m-2Ƕ 

3.2.2 ф౗˹ँፂ˼౜ຝ(Power overshoot)ϩ݋ 

ӧၸำύǴҗკΟǵѤҭёว౜ќ΋ᐱ੝ౢႝ੝

ջ˹ँፂ˼౜ຝ(Power overshoot) [17ǵ18]ǴԜ౜ຝΏว܄

ғӧܭ MFCsϐׯלߔᡂǴԶ໚ཱུғނጢ׳คى୼ਔ໔

ٰ፾ᔈԜᡂϯǴᏤठคౢݤрى୼ٰࢬႝޑᔈჹ೭ᅿᡂ

ϯǴ٬ளф౗ஏࡋԔጕҁيวғ˹ᚈ଑˼(doubling back)

౜ຝǴႝ ӧനޕ຾΋؁ԖਏගϲǶԶҗკёݤคࡋஏࢬ

εф౗ஏࢬႝځ߻ࡋஏࡋዴჴёԖਏ΢ϲǴҭೱ஥٬ள

ф౗ஏࡋҭѳՉ΢ϲǴฅԶӧຬၸനεф౗ஏࡋϐࡕǴ

җܭ໚ཱུғނጢ΢ϐ๵ᡏۘ҂ಞᄍׯᡂӧեႝߔଯႝ

ϐᕉნǴౢࢬ рϐႝၟࢬό΢ႝಔϐᡂϯ೷ԋႝࢬஏࡋ

คݤ຾΋؁΢ϲวғ˹ँፂ˼౜ຝ(Power overshoot)Ǵҗ

AIiAIUPRUPIRU /,/,/, 2 ==== ёޕ྽ႝ

ᕇளගϲǴݤΠफ़ႝᓸคלߔܭӆ΢ϲǴҗݤрคౢࢬ

ՠҗࢬႝܭ΢ϲǴלߔΠफ़Ǵф౗ஏࡋዴჴᕇளගϲϐ

ਏ݀ǶҗЎ᝘[18]ҭࡰрǴӕ΋ᅿᜪ MFCsӧวғ Power 

overshoot౜ຝਔǴځനεф౗ஏࡋ཮եܭ҂วғԜ౜

ຝϐႝԣǴฅԶҁࣴࠅزӢబуޱ३ữύ໔ނ 2AP ٬

ӕ΋ႝԣϣวғ Power overshoot౜ຝǴځനεф౗ஏ

ε൯΢ϲǴԜᗺҭᇥܴࠅࡋ 2AP ዴჴڀԖගଯғౢނ

ႝϐૈΚǶ 

3.2.3 Ҭלߔࢬϩ݋ 

 ϩ݋ MFCs ϐф౗ஏࡋᡂϯаϷวғ˹ँፂ˼౜ຝ

(Power overshoot)Ǵӝ౛௢ᘐబуύ໔ނ 2APёૈڀԖ

ډڙԣႝ߄ගଯжޑࡋϐૈΚǶф౗ஏߔᡂ MFC ϣׯ

ύ໔ނ 2AP բߦࣁ຾ႝηᒡрޑ໺ႝύϟނቚуႝη

ᒡрǴวғ˹ँፂ˼౜ຝж߄ MFC ϣ೽ႝߔёૈวғᡂ

ϯǴᙖҗϩ݋ Nyquist კ(კϖǵϤ)ளޕྋనႝߔ(Rs)ǵ

य़ႝ৒(CPE-T)ǵWarburg߄ǵႝཱུ(Rct)ߔय़ႝ߄ཱུႝ

ᘉණלߔ(Ws-R)܌ಔԋޑ฻ਏႝၡკύӚלߔϡҹϐ

ᡂϯ[23]Ǵҗ߄Βளޕ 2AP य़ႝ৒߄బу٬ளႝཱུޑ

(CPE-T)ᕇளගଯǴቚуΑႝԣႝ৒ёᓯӸϐႝໆǴж

ߔय़ႝ߄ύႝཱུߔຫӳǶԶႝԣϣૈ܄ޑԣౢႝႝ߄

(Rct)ǵWarburgᘉණלߔ(Ws-R)ࣣ ᕇளε൯Πफ़Ƕႝߔ

ՖబуࣁᡂှញΑׯޑ 2AP཮೷ԋ˹ँፂ˼౜ຝǴႝ ৒ޑ

ቚуҭှញΑႝԣႝܫໆቚу٬ளф౗ஏࡋᕇளගϲǶ

җܭ 2AP բႝࣁηఖϐӸӧǴ٬ளႝԣਏૈᕇளගଯ

ջ٬วғ˹ँፂ˼౜ຝҭό཮फ़եځф౗ஏࡋǶ 
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კკკკϖϖϖϖ: ష๵ႝԣ NIUx72బу 2APӧ 0(Blank)ǵEC15ǵ

EC30ᐚࡋΠϐҬלߔࢬკ 
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კϤკϤკϤკϤ: પ๵ႝԣ NIU01బу 2APӧ 0(Blank)ǵEC15ǵEC30

ᐚࡋΠϐҬלߔࢬკ 

ϡҹᒿ๱לߔΒΒΒΒ: MFCsӚᅿ߄߄߄߄ 2APޑబуౢғᡂϯ 

ႝԣǵύϟނᐚࡋ酚 Rs CPE-T Ws-R Rct 

NIUx72 25.09 7.193 266.6 248.9 

NIUx72 & 2AP EC15 27.33 11.28 169.2 160.9 

NIUx72 & 2AP EC30 27.81 17.19 127.6 88.17 

NIU01 26.02 8.647 280.7 514.4 

NIU01 & 2AP EC15 41.66 27.16 199.2 83.61 

NIU01 & 2AP EC30 36.53 59.39 142.6 147.2 

Rs̟ ྋనႝߔ (Ω) 

CPE-TǺႝཱུ߄य़ႝ৒ (mF) 

RctǺႝཱུ߄य़ႝߔ/ႝ಻ᙯ౽ႝߔ (Ω) 

Ws-RǺWarburg  לߔϡҹႝߔ (Ω) 

3.3 འ౟ಥՅ 

ӕኬੋϷޣٿಥՅނፕϷౢႝϷғزࣴ߻ฅӃࡽ 

ႝηᙯ౽ϐբҔǴӢԜ2APऩёԖਏڈᐟౢႝǴ࣬ჹӦ

ҭᔈڀԖගଯಥՅਏૈϐૈΚǶᙖҗའ౟ಥՅၸำύబ

у2APǴٰ ᕕှೀ౛ࢉ᏾ቲНౢрޱ३ữύ໔ނёૈჹ

ಔٿೀ౛ϐቹៜ(კΎǵΖ)ǴКၨว౜ނ᏾ቲН༾ғࢉ

༾ғނNIUx70ǵNIU01బуեᏊໆៜᔈᐚࡋEC15చҹ

Π2APࣣܴᡉڈᐟǵаߦ຾ಥՅϐբҔǴКಥՅೲ౗

(SDR)ࣣ ܴ ᡉ ග ଯ Ǵ ന ε К ಥ Յ ೲ ౗ ( ൂ Տ mg 

L-1h-1ODU-1)NIUx72 (Blank) 16.95ቚуԿNIUx72 (EC15) 

139.42ǴNIU01 (Blank) 24.94ቚуԿEC15 134.41Ǵՠӧ

ၨଯᏊໆៜᔈᐚࡋEC30ϐ2APΠNIUx72നεКಥՅೲ

౗җNIUx72 (EC15) 139.4फ़ԿNIUx72 (EC30) 111.4ǴԶ

પ๵NIU01཮Ӣ܄ࢥբҔԶ೷ԋғߏೲ౗(SGR)׳ᡉ๱

Πफ़Ǵ຾Զᝄख़ቹៜಥՅೲ౗Ǵ٬ளচҁӧคబуచҹ

Πᓉ࿼Μλਔᗨёၲ95ډ%ϐಥՅ౗ǴՠӧబуࡕԿΜ

λਔϝၲόډନՅ౗25%Ǵ׳ёᡍ᛾௓ڋӧեғ܄ࢥނ

ϐύ໔ނӧ༾ғނೀ౛ࢉ᏾ቲНϐቹៜཱུࣁख़ाǶ   
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კკკკΎΎΎΎ: IUx72ష๵ჹࢉ਑ RBu160ଆۈᐚࡋऊ 200mg L-1

Π࣬ჹғߏϷಥՅԔጕКၨǶ 
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კკკკΖΖΖΖ: NIU01પ๵ჹࢉ਑RBu160ଆۈᐚࡋऊ 200 mg L-1

Π࣬ჹғߏϷಥՅԔጕКၨǶ 

4444 ่ፕ่ፕ่ፕ่ፕ 

 ኳԄޱ३ữύ໔ނ 2APǴӧեᏊໆᐚࡋΠǴуΕ

MFC ύό໻ёᡉ๱ڈᐟౢႝૈΚǴҭڀԖуೲಥՅೀ

౛ϐਏ݀Ǵҭૈܴᡉ๱फ़եႝԣϣߔǴӧଯᐚࡋΠҗܭ

ғ܄ࢥނϐቹៜǴٿᅿਏૈࣣԖܴᡉΠफ़ǶӢԜӵՖճ

Ҕե܄ࢥϐѦྍ਼܄ϯᗋচϟ፦բႝࣁηఖǴගଯႝη

໺ሀբҔࢂ MFCsύϐ΋εᜢᗖǶඤقϐǴ༾ғނᐯ਑

ႝԣϐ܌а౦ܭ΋૓ᐯ਑ႝԣǴЬाӧڙज़ܭኲᡏύϯ

Ꮲԋϩҁيϐғ܄ࢥނǴԶठ٬ႝη໺ሀբҔคݤԖਏ

วචǴӢԜӵՖլܺԜᗺஒࢂനεϐᜢᗖ܌ӧǶ  

ᇞᖴᇞᖴᇞᖴᇞᖴ 

གᖴ୯ࣽ཮(NSC 98-2221-E-197-007-MY3)࿶຤ံշǶ  
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