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ชื่อวิทยานิพนธ การเกิดแกสชวีภาพจากน้ําเสียโรงงานอุตสาหกรรมยางดวยกระบวนการหมักไร 
 ออกซิเจนจากถังปฏิกรณแบบตรึงฟลม 
ผูเขียน นางสาวปณดิา หลงกูนัน 
สาขาวิชา วิศวกรรมเคมี 
ปการศึกษา 2554 
 

บทคัดยอ 
 

โรงงานอุตสาหกรรมยางถือไดวาเปนแหลงกําเนิดมลพิษทางน้ําและทางอากาศ ซ่ึงน้ําเสีย
จากโรงงานอุตสาหกรรมยางมีลักษณะเดนคือ ประกอบดวยสารอินทรียสูงและมีกล่ินเหม็น 
กระบวนการบําบัดแบบไมใชออกซิเจนจึงเหมาะสมในการบําบัดน้ําเสียจากโรงงานอุตสาหกรรม
ยาง งานวิจัยนี้จึงมีวัตถุประสงคเพื่อศึกษาผลของระยะเวลากักเก็บ (15 10 และ 5 วัน) และอัตรา
ภาระบรรทุกสารอินทรีย (1 3 และ 6 กิโลกรัม COD/ลูกบาศกเมตร/วัน) ที่มีผลตอการเกิดแกส
ชีวภาพจากน้ําเสียโรงงานอุตสาหกรรมยาง โดยใชถังปฏิกรณไมใชออกซิเจนแบบตรึงฟลม 
(Anaerobic fixed film reactor, AFFR) ซ่ึงถูกออกแบบในระดับหองปฏิบัติการ ทําดวยทอกลวง
อะคริลิกใส ขนาดเสนผานศูนยกลาง 20 เซนติเมตร สูง 33.3 เซนติเมตร ปริมาตร 10 ลิตร ปริมาตร
ใชงานเปน 8.9 ลิตร ภายในถูกบรรจุดวยตัวกลางกรอง คือ PVC raschig rings ระบบดําเนินการ
ภายใตสภาวะ Mesophilic และควบคุมความเปนกรด – ดางใหอยูในชวง 6.5-7.5 โดยความเขมขน
ของ COD ทั้งหมดที่เขาระบบมีคาเฉลี่ยเปน 5,196-11,548 มิลลิกรัม/ลิตร จากการทดลองพบวา 
ประสิทธิภาพการกําจัด COD ลดลง เมื่อระยะเวลากักเก็บลดลง โดยระยะเวลากักเก็บที่เหมาะสม
ที่สุดในการเกิดแกสชีวภาพคือ ที่ระยะเวลากักเก็บเปน 10 วันสามารถใหผลไดของมีเทนเปน 0.21 
มิลลิลิตรแกสมีเทน/มิลลิกรัม COD ที่ถูกบําบัด และมีประสิทธิภาพการกําจัด COD อยูที่ 81.04 
เปอรเซ็นต และเมื่ออัตราภาระบรรทุกสารอินทรียเพิ่มขึ้น ประสิทธิภาพการกําจัด COD ลดลง ซ่ึง
พบวา ประสิทธิภาพการกําจัด COD ที่ดีที่สุดและผลไดของมีเทนสูงที่สุดเปน 86.27 เปอรเซ็นต และ 
0.08 มิลลิลิตรแกสมีเทน/มิลลิกรัม COD ที่ถูกบําบัด ตามลําดับ ที่อัตราภาระบรรทุกสารอินทรียเปน 1 
กิโลกรัม COD/ลูกบาศกเมตร/วัน จากการศึกษาแสดงใหเห็นวา ระบบบําบัดไมใชออกซิเจนแบบ
ตรึงฟลม (AFFR) สามารถนํามาผลิตแกสชีวภาพและบําบัดน้ําเสียจากโรงงานอุตสาหกรรมยางได
อยางมีประสิทธิภาพ 
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1 

1 

 

 
 

 

1.1  

 

 (Hevea brasilienensis Muell. Arg.)
2549-2550 13 10.6 (

, 2550)

(Chemical Oxygen Demand, COD) 672-23,300 /

, 2548

(Biogas) , 

2551

(Biological treatment process) 2 

 



2 

 

(Kennedy and Lentz, 2000) 

Continuous Stirred Tank Reactor (CSTR), Up-flow Anaerobic Sludge 

Blanket (UASB) (Anaerobic Fixed Film 

Reactor, AFFR) UASB 

(Wash Out) 

AFFR 

 

(Methane-producing bacterial) (Acid-

producing bacteria) 

(Natural gas for vehicle, NGV) 

 

 (CSTR)

UASB 



3 

 

 

  

 
1.2  

 
 1.2.1  ( , 2548) 

 

0.05-0.5 25-45 

36 33 1.0-1.2 

1 0.975-0.980 / -

6.5-7.0 

 

 (Dry Rubber Content, DRC) 60 

4 (Evaporation) 

(Creaming) (Centrifuging) (Electro decantation) 

 
  (1) 

 Tetramethylthiuram disulfide/zinc oxide (TMTD/ZnO) 

 

  (2) 

0.4

(Diammomium hydrogen 



4 

 

phosphate, DAP) 1 

50 ppm 

20 ppm (Volatile fatty acid, VFA) 

0.05  0.05  

  (3) 

2 

60  

  150 /

400-600 /

2 3 

10 -15  

1.2  

  (4) 

 

  (5) 

 

  - 

 

  - 

 



5 

 

  (6) ( ) 

 

(7) 

10  

 

 

1.2.2  
  

1)  

-  

-  

- 
 

2)  

- 2-3 

 

- 
 

3)  

- DRC 4-6  

 

- 
 

- 
 

 



6 

 

4)  

- 
1.1 

40  

60  2.0-2.4  

2 

7 

60-400 /

1.8-15.8 /  ( , 2550)

1.1 

2546-2548 3.68-

7.38 ( , 2550) 

 

 

 

1.1  

: , 2546 

24% 

 18% 
54% 



7 

 

/

NH3, TMTD/ZnO

DAP Mg

,

,

bowl

 
 

1.2  

: , 2548 



8 

 

1.1 

 
 

1.1  

  
-  5.72 

( ) 30 

( / ) 4430 

 /  7996 

( / ) 1128 

( / ) <1 

 ( / ) <1 

( / ) <1 

( / ) 1102 

: , 2550 

 

1.2.3  

(Biological treatment process)

2  ( , 2546)  

(1) (Aerobic process) 

(AS)  

(2) (Anaerobic process) 



9 

 

(Anaerobic sludge blanket 

reactor) 

(Anaerobic activated sludge)  

 (Anaerobic pond) 

(Facultative pond), (Aerobic pond) (aerated lagoon) 

60-80  

( , 

2543) 

(Start-up) 

(Anaerobic process) 

(Aerobic 

process) 

1.2  
 

1.2.3.1 (Anaerobic process) (Dieter and 

Angelika, 2008, , 2549, , 2546) 

 

(Anaerobic bacteria) 

 4  



10 

 

1.2 - (Anaerobic process) 

  

1. 

BOD  
1. 

 
2.

  

2.  

3.  3.  
4.

 

4. 

 

: , 2546 

 

 1 (Hydrolysis) 

 

Extracellular Hydrolytic 

 

 (

, 2549) 

 

      ( 21 ) 

      

       

 

 Fermentative 

  
 



11 

 

 2 (Acidogenesis) 

 

(Volatile acid) (Acid former) 

Intracellular 

(Acetic 

acid) (Propionic acid)  (Butyric acid) 

 ( , 2549) 

 

 , ,  

 , , , ,  

      

    ,  

 

 (Hydrolysis) 

(Acidogenesis) Non-methanogenesis bacteria 

4.0 - 6.5 32  35

Facultative anaerobic bacteria 

 

 

3 (Acetogenesis) 

Homoacetogenic (Acetate) (Formate) 

 Homoacetogenic

(Hydrogen forming bacteria) 



12 

 

(Non-methanogenic bacteria) ( , 2543) 

 
  (Dieter and Angelika, 2008, 

http://www.diw.go.th) 

 

  4 CH3CH2COOH + 2 H2O  4 CH3COOH + CO2 + 3 CH4 

 2   

  1: CH3CH2CH2COOH + 2 H2O  2 CH3COOH + 2 H2 

  2: CH3CH2CH2COOH + H2  CH3CH2COOH + CH4 

              CH3CH2 COOH + H2   CH3COOH + CH4 

 

 

Acetonic 

 

 
Sulfate reducing 

(SO4
2-)

(Reduction of sulfate) 

 

 (Dieter and Angelika, 2008) 

 

  SO4
2- + 4 H2    H2S + 2 H2O + 2 OH- 

  SO4
2- + CH3COOH   H2S + 2 HCO3

- 

 

(Sulfate 

bacteria reducing, SBR) 



13 

 

COD/SO4
2- 20 

 COD 

COD/SO4
2- 2 

1.3

 

 
H2S  HS- + H+  S-2 + 2 H+ 

 

 

-
(NaOH)  

 

 

 

 

 

 

 

 

 

 

 

 

 

1.3  

(Dieter and Angelika, 2008) 

 

 



14 

 

4 (Methanogenesis) 

Methanogenic

(CH4) (CO2) 

(H2S) (N2) (H2) 

 ( , 2546 , 2543) 

 

Methanogenic Methanobacterium, 

Metranosacina, Methanospirillum Methanococcus 

- , , , , 

 

 

4H2  +  CO2   CH4  +  2H2O 

4CHOOH   CH4  +  3CO2  +2H2O 

4CH3OH   3CH4  +  CO2  +  2H2O 

4(CH3)3N  +  H2O  9CH4  + 3CO2  + 6H2O  +  4NH3 

 

Redox Potential 

-500 mV 

Crytine  

  1 

Methanogenic bacteria 

 

CH3COOH  CH4  +  CO2 

 

  2 

Methanogenic bacteria 2 (Intermediate step) 

 



15 

 

1: CH3CH2COOH  +  0.5H2O  CH3COOH  +  0.025CO2  + 0.75CH4 

2: CH3COOH    CO2  +  CH4 

: CH3CH2COOH  + 0.5H2O  1.25CO2  + 1.75CH4 

 

 
  (C6H12O6)x  +  xH2O  xC6H12O6  3xCH4  +  3xCO2 

 

   

 

  NH3  +  HOH  NH4
+ +  OH- 

 

Methanogenesis  

 

  CO2  +  HOH  H2CO3  H+  +  HCO3
- 

  H2CO3  +  OH-  HCO3
-  +  H2O 

 

-

(OH-) (Bicarbonate ion, HCO3
-) 

- , , 

 

  4 

1.4 

 

 

 

 

 



16 

 

 

 

 

 

 

 

   

 

 

 

1.4  

: Dieter and Angelika (2008) 

 

1.2.4  (Dieter and 

Angelika, 2008 , 2546) 

 

3 

 

 

1.2.4.1  (Temperature) 

3 

 

- Phychrophilic (5-

20 ) (Optimum) 5-15  

- Mesophilic 

(25-42 ) (Optimum) 25-40

 



17 

 

- Thermophilic 

(45-65 ) (Optimum) 55-60  

30  

 

 
1.2.4.2 - (pH) 

-
- 5.5-7.5 -

- 5.3 

-

-
4.5-5.0 

 

 

1.2.4.3 (Alkalinity) 

/

(CaCO3) 

-

1,000-5,000 /



18 

 

0.4 

 

 
1.2.4.4 (Volatile fatty acid, VFA) 

-

-
0.4 - 6.5 

 

- -
(Ca(OH)2), (NaOH) 

(NaHCO3)  

- 

-
 

 
1.2.4.5 (Nutrient)  

COD: N: P 100-200: 5-6: 1 

 

 

1.2.4.6  (Chemical oxygen demand, COD)  

COD 

COD 



19 

 

BOD COD 3 

BOD 5 COD 

 

 

1.2.4.7  

(Total solid, TS) 

(Total volatile solid, TVS) 

 

1.2.4.8 (Toxic substance) 

(Valency) 

 

(Anaerobic digestion)

(CH4) 60-70% (CO2) 28-

38% (H2S) (N2) 2 

% (Raphael and Rutendo, 2009, Osorio and Torres, 2009, Converti, et al., 2009) 

Steam Boiler)   

 

 

  

 



20 

 

1.3   

 

1.3 

Pozo  (2000) 

80

8 PVC 70 2.5

35 

COD 85-90  

8 COD/

35 COD/ 55±75

 12 50 COD/  

Patel  (2002) 

1.7  1  4.5

120 108

125 53.35 /

 0.244 /  660

 25, 37, 

45 55  3.6  21.7 

COD/ 37  

21.7 COD/ COD 

BOD 

37 COD BOD 90-95  0.450 

/ COD/ 55  



21 

 

6 COD/

0.666 / COD/ 0.110 /

COD/  18.1 COD/

45  0.416 /

COD/ 6 COD/

9 COD/ COD 

89  0.333 / COD/

6 COD/

25  

 

Rao  (2005)  

(Anaerobic Fixed Film Reactor, AFFR) 

Borosil 10  

( 9.42  8.48 ) 

PVC pall rings 35  x 35  224 /

 35±2  

COD (Chemical Oxygen Demand) TDS (Total dissolved solid) 

BOD: COD TSS (Total Suspended Solid) 

( UASB ) 

30 

(Organic Loading Rate, 

OLR) 10 COD/

 (Suspended Solid, SS) 

COD BOD BOD COD 

COD BOD 60-70  80-90  

TDS TSS  

Thonglimp  (2005) (Food to microbe 

ratio, F/M), , 



22 

 

(Activated Sludge) 

F/M 0.2, 0.3, 0.4, 0.5, 4, 6, 8 10 , 

1638, 2000, 3000, 5000 6500 

888, 1000, 2000, 3000, 4000 6000 

BOD5 COD 98.6  89.3  

BOD5 COD 

 

Yu  (2006) 

3  480  90  

3 

(Multi-fed) (Single-fed) (17-27

) Activated Sludge

COD 8.34-25 /

 COD 82  37.68  

COD/ / 8 

0.30-0.38 /  COD  

COD  

 Saritpongteeraka (2008) 

(Anaerobic Baffled Reactor, ABR) 

- (Recycle ratio) 

NaOH (ABR-NaOH) (ABR-ash) 35

 10 1.25 

UASB COD 

10 (



23 

 

COD 82.71  96.16  ABR-NaOH 80.27

96.60   ABR-ash) 

CO2 H2S COD 

5 1.25  

 Acharya (2008) COD 

(110,000-190,000 / ) BOD (50,000-60,000 / ) 

(Anaerobic Fixed Film Reactor, AFFR)

(Hydraulic retention time, HRT) 

(Organic loading rates, OLR) 

8 23.25 COD/ /  

COD 64  7.2 /

 

 

 Pozo  (2006) 

20  

1.8 9.2 COD/ /  

5  9 

70  

54   COD 

( 700  1100 / ) COD 

 
 (2546) COD 

COD COD 



24 

 

 
 (2543) 

3 Na2CO3, 

NaOH Ca(OH)2 - COD BOD 

(Biological Oxygen Demand) - 3.7 

- COD BOD 

- - 7.2  

8.0   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



25 

 

1.3 

 

 
 

  
( .COD/

. / ) 

 

COD 

( ) ( ) 

 

AFFR  PVC 
8 

35 

80-90 

55-75 
- 

Pozo, et al. 
(2000) 

AFFR 

 

/ 

 
3.6-21.7 

9 

90-95 

89 
- 

Patel, et al. 
(2002) 

AFFR 
 

 

PVC Pall 

rings 
10 60-70 - 

Rao, et al. 
(2005) 

Activated 

Sludge  
- - 89.3 4-10 hours  

Thonglimp

, et al. 
(2005) 

AFFR 
  

37.68 82 8 
Yu, et al. 

(2006) 

ABR 
 

- 0.66-4.43 82.71 10-1.25 

Saritpongt-

eeraka, et 
al. (2008) 

AFFR  
/

 

23.25 64 8 

Acharya, 

et al. 
(2008) 

AFFR  Plastic 1.8-9.2 70 5-9 
Pozo, et al. 

(2006) 

 



26 

 

 
 

  
( .COD/

. / ) 

 

COD 

( ) ( ) 

 

AFFR 
 

PVC pall 

rings 
0.3-0.6 60-80 20-5 (2546) 

AFFR 
 

PVC 

raschig 

rings 

1-6 70-85 15-5  

: AFFR = Anaerobic Fixed Film Reactor , ABR = Anaerobic Baffle Reactor 

1.4  

(Anaerobic Fixed Film Reactor, AFFR) 

 

1.5  
1.5.1 

 
1.5.2  
1.5.3  

 
1.6  

1.6.1 

Standard Method for the Examination of Water and Wastewater 20th Edition 

(APHA, 1998)   

1.6.2 
(Organic loading rate, OLR)

 (Hydraulic retention time, HRT) 



  
27 

2 
 

 
 
2.1  
 

 

 2.1.1 

 

(  2.1) 

 2.1.2 (Granular Sludge) UASB 

 

(  2.2) 

: 4

 
 2.1.3 

 
 

 
 

2.1  



28 

 

 
 

2.2 UASB  
 
2.2  
   

 

 2.2.1  

  1) 25  30  

  2) 5  

  3) 600  

  4) 50 100  

  5)  

 2.2.2 
 

  1) UV-VIS Spectrophotometer 

  2)  

  3) COD 

  4)  



29 

 

  5)  

  6)   
  7) (Magnetic stirrer) (Hot plate) 

 2.2.3  

  1) (Anaerobic fixed film reactor, AFFR) 

(Acrylic plastic) 20 0.5 

33.3 10 

8.9  2.3 

 

 
   

2.3 (AFFR) 

 

2) PVC raschig rings 

 207 /  (  

2.4) 



30 

 

  3) 1000 

 

  4) Peristaltic pump (Masterflex, Model 7520-47, Barrington Co., Illinois) 

 

  

  5) (Silicone)  -  
  6) (Balloon) 

 

  7) 25-30 

 

  8)  

 

 
 

2.4 (PVC raschig rings) 
 
 
 



31 

 

2.3  
 
 2.3.1  
 ( ) 

,   (pH),  

(Alkalinity), (Volatile Fatty Acid , VFA), COD (Total 

Chemical Oxygen Demand, TCOD), (Total Kjeldahl Nitrogen ,TKN) 

(Suspended Solid, SS)

Standard Method for the Examination of Water and Wastewater 20th 

Edition (APHA, AWWA and WEF, 1998) 

2.1 (

-  4.5-6.0) - 6.5-7.5 6 

 NaOH  

 
 2.3.2 (Start-up) 
 (Seed)  UASB 

MLSS 20,000 /

(Working volume) 8.9 

Shock load 24  

COD 

10  

 

2.3.3  
 Mesophillic 

Peristaltic pump PVC raschig rings 

 (  2.5 -2.8) -

6.5-7.5 

2 



32 

 

 2.2 2.3  

 

2.1  

  

   Thermometer 

 pH meter 

COD Close reflux, Titrimetric Method 

 Direct Titration Method 

 Direct Titration Method 

 Gravimetric Method 

  Macro-Kjeldahl Method 

Mix Liquor Suspended Solid (MLSS) Gravimetric Method 

Mix Liquor Volatile Suspended Solid (MLVSS) Gravimetric Method 

: APHA, AWWA and WEF (1998) 

  

 

 

 

 

                    

 

 

 

 

 

   

 
2.5 (AFFR) 



33 

 

 

2.6 (AFFR) 

  

 
 

 



34 

 

 
 

2.7 (AFFR) 
 

 
 

2.8  



35 

 

2.2 
 

 
 

( ) 

 

( / ) 

 

 

( / ) 

 

 
 

1 15 0.59 * ** *** 

2 10 0.89 * ** *** 

3 5 1.78 * ** *** 

: *, **, ***  

 

2.3 
 

 

OLR 

 ( . 

COD/ .

.) 

COD 

 
./

) 

HRT 

( ) 
 

( / ) 

 

 

( ./ ) 

 

 
 

3 1 (a) (d) (g) * ** *** 

4 3 (b) (e) (h) * ** *** 

5 6 (c) (f) (i) * ** *** 

: (a),(b),(c) COD  

(d),(e),(f) COD 

 
OLR
COD

HRT =  

(g),(h),(i) 

HRT
V

Q =  

*, **, ***  
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2.3.3.1 
 

  
15 10 5 

COD 10 

2.1 

  2.3.3.2 

 

  
1 3 6  COD/

/

COD 

10 

2.1 

  
2.4 

  
Gas Chromatography-

Thermal Conductivity Detector (GC-TCD) 

± 10 3-5  
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2.4  

 

 

(HRT) 

 

(OLR) 

     

   

COD  3  
  3  

  3  

  3  

  
 

 

Mix Liquor Suspended Solid  
 

 

Mix Liquor Volatile Suspended 

Solid 
 

 

 

 

2.3.4  
 
  

Gas Chromatography (GC) Hewlette Packard HP6890 Thermal 

Conductivity Detector (TCD) Detector  
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2.9  
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3 
 

 
 
3.1  
 
 3 

(COD) 

 

, - , , 

, COD,  

3.1  

29-32 - (pH) 

4.89-5.64 

(H2SO4) 

COD  5,196-11,548 /

 - COD 
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3.1  

  

( ) 29-32 

-  4.89-5.64 

 ( /   CaCO3) 850-975 

 ( /   CH3COOH) 2,362-2,880 

 COD ( / ) 5,196-11,548 

( / ) 257-1213 

 ( / ) 463-585 

( / ) 1,337-2,885 

 

3.2 
 

 

 

3.2.1 COD  

COD COD 

 

15 10 5 
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COD 

COD 15 10 5 89.06, 

81.04,  76.28 3.2 

 

3.2 

 

 
( ) 

 15 10 5 

COD 

( / ) 
6,426.48 1,924.8 5,196.96 406.72-1,841.63 

COD 

( / ) 
688.68 345.74 1,232.79 166.57-466.52 

COD (%) 89.06 81.04 76.28 2.00-3.17 

-  7.48 7.59 6.85 0.12-0.28 

 ( /

  CH3COOH) 
157.5 436.46 624 54.08-108.25 

 ( /   

CaCO3) 
1,560 1,470.45 1,510 54.49-78.67 

 
0.10 0.30 0.41 0.05-0.11 

   
 COD COD 

15 10 5 ( 0.43 1.04 0.52 COD/

/  ) 3.1 3.2 

15 COD COD 

10 5 15 

10 COD 

80 90  COD 
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5 

 (2540) 
 

0
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of

 C
O

D 
(m

g/
L)

Time (days)
COD Effluent COD Influent

 
 

3.1 COD  

 

 

 
 
 
 
 
 
 
 
 
 

HRT=5 days HRT = 10 days  HRT = 15 days 
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50.00
55.00
60.00
65.00
70.00
75.00
80.00
85.00
90.00
95.00

100.00

3 10 17 24 31 38 45 52 59 66

%
CO

D 
re

m
ov

al

Time (days)  
 

3.2 COD  

 

 

3.2.2  

15 10 5 

0.11 0.21 0.09 / COD 3.3 

 (McCarty, 1964)  

 

 . =  ( ./ ) ×  

 . COD    (COD COD ) ( ./ .) × ( ./ ) 

 
350 COD 1 

3.3 

10 0.89 

10 COD 

(2546) 

HRT=5 days HRT = 10 days  HRT = 15 days 
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 COD 10 7 5  4 0.6 

 COD/ / 94.3 78.7 65.0 59.7 

COD  

 

3.3  

 (  

 

  (  
%  

 

( /  
COD ) 

15 0.59 621.15° 304.36 60.85° 16.33 0.11 

10 0.89 521.54° 53.07 56.82° 15.07 0.21 

5 1.78 1170.00° 45.27 55.28° 18.04 0.09 

 

0
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3.3  

 

 

HRT=5 days HRT = 10 days  HRT = 15 days 
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15 10  5 

3.3 

15 

1,115 /

COD 15 

10 5 

10 5 COD 

15 

COD 

 

 

3.2.3 (Volatile fatty acid, VFA) 

(CH3COOH) -

-

-

- (Kumar et al., 
2008) 

3.4 3 66 15 

150 175 /  

50-500 / 10 5  

660 /  

2,000 / ( , 2543) 
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0
150
300
450
600
750
900

1050
1200
1350
1500
1650
1800
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VFA (mg/l CH3COOH) Alkalinity (mg/l CaCO3) SS (mg/l)
 

3.4  

 

 

- 6.85-7.59 

3.5 

5 

0.4 3.2 

COD  

 -

Methanogenic bacteria 

- 6.0-8.0 (Acharya et al., 2007) 

- 7.00 

 

 

HRT=5 days HRT = 10 days  HRT = 15 days 
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5.50
6.00
6.50
7.00
7.50
8.00
8.50
9.00

3 10 17 24 31 38 45 52 59 66

pH

Time (days)
 

 

3.5 -  

 

 

- - 6.6 

- 5.3 

(Wildenauer and Winter, 1985) 

 

3.2.4  (Alkalinity) 

3.2 3.4 

(CaCO3) 

1,470  1,560 / CaCO3 

Methanogenesis 

(HCO3
-) 

(NH HCO ) (Raynal et al., 1998) 

HRT=5 days HRT = 10 days  HRT = 15 days 
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1 

1,000-5,000 / CaCO3 ( , 2543) 

0.4 

(Borja et al., 2002) 

0.10-0.41 

 

3.2.5 (Suspended solid, SS) 

15 10 5 3.2 

3.4 15 

190  626 / 5 

46 115 /

5 10 

15 

Immobilized cell (Chua et al.,1997) 

(2546) 

 

3.2.6  

 Mesophilic 35-37 (Kim et al.,
2006) 3.4 15 10 5 

29.75° 0.75-32.19° 0.75 15 

32.19° 0.75  
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Mesophilic 60.85° 16.33

5 29.75° 0.75 55.28° 18.04   

 

 3.4    

 (  
 

  (  
%  

15 32.19° 0.75 621.15° 304.36 60.85° 16.33 

10 31.53° 1.27 521.54° 53.07 56.82° 15.07 

5 29.75° 0.75 1170.00° 45.27 55.28° 18.04 

 

 29  

32  

29  32 

Mesophilic 

 Mesophilic 

Saritpongteeraka (2008)

(Anaerobic baffle reactor, ABR) 

UASB -
(Recycle ratio)  (ABR-NaOH) 

(ABR-ash)  10 5 2.5 1.25 0.66 1.16 

2.26 4.43 COD/ /

COD 10 (

COD 82.71  96.16  

 80.27 96.60   

)

 

3.5  
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3.5 

 
(Anaerobic fixed film reactor,AFFR)1 

 

 

( ) 

 

. COD/ . ./

 

COD 

(  
 

( ./  

% 

 

 

( . /  
. COD 

) 

15 0.43 89.06 
621.15 

° 304.36 

60.85 

° 16.33 
0.11 

10 0.52 81.04 
521.54 

° 53.07 

56.82 

15.07 
0.21 

5 1.04 76.28 
1170.00 

° 45.27 

55.28 

° 18.04 
0.09 

 (Anaerobic baffle reactor, ABR) 2 

 

 

( ) 

 

. COD/ . ./

 

COD 

(  
 

( ./  

% 

 

 

( .

/  
. COD 

) 

 NaOH NaOH NaOH NaOH NaOH 

10 0.66 82.71 - 72.2 0.29 

5 1.16 75.70 - 70.3 0.24 

2.5 2.26 66.84 - 69.5 0.13 

1.25 4.43 48.09 - 65.1 0.07 

:  1  

  2 Saritpongteeraka (2008) 
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3.3 
 

 
 3.3.1 COD 
 COD 

(Wolmarans and de Villiers, 2002) 3.6 

3.6 3.7 

 1 3 6  COD /

/ COD 86.27 72.56 59.57 

 COD 

 Acharya et al., (2008) 6.2 

 COD / / COD 88  

10 30  COD /

/  COD  

20 

COD 

Acharya et al., (2008) (2546) 
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3.6 COD  
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3.7 COD 
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3.6 

 

 

 

( COD/ / ) 

1 3 6  

COD 

( / ) 
1,2304.60 1,2304.60 1,2304.60 1649.96 

COD 

( / ) 
1,684.90 3,323.35 4,948.95 162.24-499.16 

COD

(%) 
86.27 72.56 59.57 0.80-3.64 

-  7.56 7.58 7.63 0.16-0.21 

 ( /

  CH3COOH) 
243.85 343.25 392.25 22.81-58.90 

 ( /   

CaCO3) 
1,553 1,541.25 1,600 42.03-82.28 

 
0.16 0.22 0.25 0.02-0.04 

  
3.3.2 (Volatile fatty acid, VFA and 

Alkalinity) 
1  COD / /

 COD 

(Chua et al., 1997) 

243.85 343.25  392.25 ./ . 3.6 

3.8 

1,553 1,541.25 1,600 ./ .

3.9 
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3.10 
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3.8  
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3.9  
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pH
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3.10 -  
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 3.3.3  
 

3.7 

( 3.11) 1  COD /

/ 684° 56.0 /

0.08 / COD (9-15 ) 

3 

 COD / / COD 

3  COD / /

774.25° 40.2 / 0.03 

/ COD 

3.8 

   
 

3.7  

 

( . COD/ .

./ ) 

COD 

 

( / ) 

 

 

( /

) 

 

 

( / ) 

% 

 

 

(

/  
. COD 

) 

1 12,304.6° 1,650.0 0.72 684° 56.0 87.56° 10.6 0.08 

3 12,304.6° 1,650.0 2.17 774.25° 40.2 82.52° 9.8 0.03 

6 12,304.6° 1,650.0 4.34 792.70° 28.0 74.56° 8.3 0.02 
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6  COD / /

0.02 / COD 

6  COD / / 792.70° 28.0

/ 0.02 / COD  
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3.11  
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3.3.4  

3.8 1 3 6 

 COD / /  31.25° 1.86 - 33.20° 0.62

 

 

3.8
 

 

( . COD/ . ./ ) 

 

 

 

( / ) 
%  

1 31.25° 1.86 684° 55.90 87.56° 10.6 

3 33.20° 0.62 774.25° 40.21 82.52° 9.8 

6 32.00° 1.59 792.70° 28.03 74.56° 8.3 
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4 

 

 

 

4.1  

 

15 10 5 
1 3 6 COD/ /

 6.5-7.5 
Mesophilic 25-40 

COD 
 

 
4.1.1. (Hydraulic retention time, HRT)  

COD 
15 10 5 COD 

10 
0.21 / COD COD 

81.04 COD 
 

 
4.1.2. (Organic loading rate, OLR) 

COD 
COD 

1 3 6 COD/ /
COD 86.27 0.08 /

COD 1 COD/ /   
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4.1 

(2540) 9 

BOD 
19 2 (Activated Sludge, AS) 

0.3  0.5 
/ BOD ( )  

BOD 1,825-3,766 / ( , 2550) 
0.3-0.5 BOD  

 
4.1 

 
 * AFFR 

-  5.5-9.0    6.8 - 8.4 
 40      29 - 33            

COD  120 /  345 - 4,948.95   /  
 120 /      46  626        /  

: * (2539) 
 

COD 60-70 
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4.1 
 

 
 
 
 

 
 
 
 

 
 

 
 
 

4.1  
 

 
 

4.2  

4.2.1 6 
COD/ /  

 
4.2.2 

 4 
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4.2.3  

 
4.2.4 

 
4.2.5 15 

(
) 10 

 
 4.2.6 

Hydraulic shock loading 
 

 4.2.7 
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69

:

1.  (Chemical Oxygen Demand: COD) 

 (K2Cr2O7)  (Oxidizing agent) 

 (Reflux) 

1.

2.  (Heaters) 

1.  (HgSO4)

2.  (K2Cr2O7)  0.0417 M 

 103 C  2 -

 12.259  1 

3.  (H2SO4)  (Ag2SO4)  22 

 2.65  (  9  2.65 )

 (Catalyst) 

4.  (Ferroin indicator solution)  1, 10 – 

 [1, 10- phenanthroline monohydrate (C12H8N2.H2O)] 1.485 

 (II)  (FeSO4. 7H2O) 0.695  100 .

5.  (Fe(NH4)2(SO4)2 6H2O)

 39  100 .

 20 .  1 
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 K2Cr2O7 0.0147 M  10 .  90 .

 30 .  5  2-3 

 ( / )  =  .  × 0.0417 × 6 

.

1.  250 .

2.  (HgSO4)  0.4 

3.  20 . (  20 .) 

 (Blank) 

4.  0.0417 M  10 .  4-5 

5.  4 

6.  30 .

7.  2 .

8.  140 .  2-3 

 (COD) (mg/l) = (a-b) × C ×8,000 
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  a = .

  b = .

  c = .  0.1 M 

2.  (Alkalinity)  (Volatile fatty acid) 

 (HCO3
-)  (CO3

2-)  (OH-)

1. -  (pH meter) 

2.  50 .  2 

3.  (Hot plate) 

4.  (Magnetic stirrer) 

5.  200 .

1.  pH 7.00 

2.  pH 4.00 

3.  (H2SO4)  0.5 M 

4.  (NaOH)  0.5 M 

1.  50 .  2  (

)

2.  pH  pH 7.00  4.00 

3.  pH 

4.

 pH 4.0  pH  3.0 

5.  3 

6.  pH  4.0 

 pH 4.0  pH 7.0  pH 4.0 

 7.0 
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 (mg/L CaCO3) = .  pH  4.0 × 0.1 × 50× 1,000 

       .  × 50 

 (mg/L CH3COOH)

= .  pH  7.0 × 0.1 × 50× 1,000 

.  × 50       

3.  (Suspended solid: SS) 

1.  (Buchner funnel) 

2.  7 . (Glass microfiber filter, Whatman GF/C) 

3.  (Watch glass)  7 .

4.

5.  103-105 C

6.  4 

7.

1.  (GF/C) 

2.  (A, )

3.  100 .

4.

 103-105 C  1 

5.
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6.  (B, )

7.

 (mg/l) = (B-A) × 1000 × 1000 

            .

 A =  ( )

  B =  +  ( )

4. -  (Ammomium-nitogen: NH4
+-N)

- ,

-

 (Ca2+)

 250 mg/l 

 H+  pH 

 7.4 

1.  (Kjeldhal flask)  800 .

2.  (Connecting bulb) 

3.

4.  250 .

1.

(Cation-exchange resin) 

2.  (Phosphate buffer) 

 (KH2PO4) 14.3  (K2HPO4) 68.8 

 pH  7.4 

3.  (Na2SO3)  0.9 

 1 
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4.  pH 

(NaOH) 1 M  0.5 M 

5.  (Boric acid, H3BO3) 2%  20 

 1 

6.  200 .

 (95%) 100 .  100 .  (95%) 50 

.

7.  (H2SO4) 0.01 M 

0.5 M  20 .  1 

 0.01 M 

1.  pH  7.4  500 . (

 300  200 . )

2.  20 .  5-6 

3.

 50 .

4.

 250 .

5.  2-3 

 0.01 M

-  (mg/l) = (A-B) × 1000 × M × 28 

                 .

 A = .

.  B = 

  M = Molar 
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5.  (Total kjeldhal nitrogen: TKN) 

- ,

-

 (NO-
2) -  (NO-

3)

1.  (Kjeldhal flask)  800 .

2.  (Connecting bulb) 

3.

4.  250 .

1.  (Phosphate buffer) 

 (KH2PO4) 14.3  (K2HPO4) 68.8 

2.  (Boric acid, H3BO3) 2%  20 

 1 

3.  200 .

 (95%) 100 .  100 .  (95%) 50 

.

4.  (Digest solution) 

 (K2SO4) 134  650 .  200 .

 ( ) (Mercury (II) oxide (red). 

H2O)) 2  3 M  50 .

 1 

5.  (H2SO4) 0.01 M 

0.5 M  20 .  1 

 0.01 M 



76

6.  5 

 1  5  95% 

 1 

7. -

 500  (Na2S2O3. 5H2O) 25 

 1 

1.  300 .  300 .

-  (Digest solution) 50 .  5-6 

 20 .  300 

.

2.

-  50 .

3.

4.

 200 .

5.  2-3 

 0.01 M 

 (mg/l) = (A-B) × 1000 × M × 28 

      .

 A = .

.  B = 

  M = Molar 

6.  (Sulfate: SO4
2-)
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 (Turbidimetric) 

1.  (Magnetic Stirrer) 

2.  UV-visible 

3.  250 .

1.  (Conditioning Reagent)  50 .

 30 .  300 .  95%  100 

.  75 

2.  (BaCl2)  20-30 mesh 

3.

(Anhydrous Na2SO4)  147.9 .  1 

 0.020 N  10.41 .  100 .

 1.00 .  100 

1.  100 . ( )

 5 .

 1 

2.  1  10  (

)

3.  500, 

1000, 1500, 2000  3000  5, 10, 15, 20, 25, 

 30 .  100 .
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 (mg/l) =  

           .

7.  (Mixed liquor suspended solid: MLSS ) 

 MLSS  SS 

8.  (Mixed liquor volatile suspended solid: MLVSS ) 

1.

2.

3.

4.

5.  500± 50 

1.  500± 50  1 

 30 

2.  MLSS 

3.  MLSS  500± 50  30 

4.

 MLVSS (mg) =  MLSS (mg) – 
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:

.1

HRT

(day)

Day Temp.

( C)
pH

VFA

(mg/L as 

CH3COOH)

Alkalinity

(mg/L as 

CaCO3)

VFA/Alkalinity

15 2 7.26 900  -  - 

3 33 7.36 600 1600 0.56

4 33 7.47 412.5 1575 0.38

5 32 7.48 337.5 1525 0.27

6 33 7.42 150 1525 0.22

7 33 7.51 175 1475 0.10

8 33 7.75 175 1500 0.12

9 33 7.68 175 1500 0.12

10 32 7.83 175 1475 0.12

11 33 7.68 150 1500 0.12

12 32 7.57 175 1500 0.10

13 33 7.57 175 1625 0.11

14 30 7.6 150 1500 0.12

15 32 7.58 150 1625 0.09

16 31 7.66 125 1625 0.09

17 32 7.45 175 1750 0.07

18 32 7.47 150 1500 0.12

19 32 7.43 175 1625 0.09

20 32 7.46 150 1525 0.11

21 33 7.43 175 1350 0.11

22 32 7.46 150 1475 0.12

23 32 7.43 175 1575 0.10
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.1  ( )

HRT

(day)

Day Temp.

( C)
pH

VFA

(mg/L as 

CH3COOH)

Alkalinity

(mg/L as 

CaCO3)

VFA/Alkalinity

15 24 32 7.42 175 1550 0.11

25 32 7.43 175 1475 0.12

26 32 7.43 150 1525 0.11

27 32 7.46 175 1525 0.10

28 31 7.47 175 1425 0.12

10 29 32 7.46 337.5 1400 0.13

30 31 7.46 300 1550 0.22

31 32 7.7 375 1525 0.20

32 32 7.55 337.5 1500 0.25

33 32 7.52 300 1500 0.23

34 29 7.61 450 1550 0.19

35 32 7.54 450 1550 0.29

36 32 7.48 487.5 1550 0.29

37 32 7.59 487.5 1450 0.34

38 32 7.57 450 1450 0.34

39 32 7.6 487.5 1525 0.30

40 32 8.01 450 1300 0.38

41 33 7.44 450 1525 0.30

42 32 7.7 450 1350 0.33

43 32 7.83 412.5 1400 0.32

44 33 7.43 375 1525 0.27

45 29 7.42 412.5 1500 0.25
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.1  ( )

HRT

(day)

Day Temp.

( C)
pH

VFA

(mg/L as 

CH3COOH)

Alkalinity

(mg/L as 

CaCO3)

VFA/Alkalinity

10 46 29 7.65 450 1500 0.28

47 29 7.48 450 1550 0.29

48 31 7.42 412.5 1500 0.30

49 30 7.46 450 1475 0.28

50 32 7.69 412.5 1550 0.29

51 32 7.56 375 1450 0.28

52 33 7.55 375 1500 0.25

53 33 7.41 412.5 1600 0.23

54 32 7.43 375 1500 0.28

5 55 31 7.51 375 1500 0.25

56 29 7.45 375 1500 0.25

57 29 7.12 375 1525 0.25

58 29 6.74 525 1450 0.36

59 30 7.13 450 1400 0.32

60 30 6.98 525 1550 0.34

61 31 7.16 450 1600 0.28

62 30 6.98 615 1500 0.41

63 29 6.99 600 1450 0.41

64 29 6.91 660 1500 0.44

65 30 6.53 615 1550 0.40

66 30 6.83 630 1550 0.41
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.2  COD 

HRT

(day)
Day

SS

(mg/L)

COD

Influent

(mg/L)

COD

effluent

(mg/L)

% COD 

removal

Biogas

Production

(mg/day)

15 2  -  -  -  -  - 

3 626 6426.48 1293.60 79.87 1075

4 318 6426.48 1156.40 82.01 1100

5 222 6426.48 1081.84 83.17 1055

6 201 6426.48 999.60 84.45 1110

7 195 6426.48 725.20 88.72 1115

8 213 6426.48 646.80 89.94 1080

9 272 6426.48 490.00 92.38 1115

10 274 6426.48 494.00 92.31 715

11 228 6426.48 554.80 91.37 690

12 211 6426.48 576.80 91.02 620

13 232 6426.48 656.40 89.79 450

14 266 6426.48 646.60 89.94 410

15 247 6426.48 659.80 89.73 450

16 199 6426.48 668.00 89.61 320

17 196 6426.48 691.20 89.24 390

18 236 6426.48 691.20 89.24 360

19 217 6426.48 662.80 89.69 410

20 233 6426.48 668.00 89.61 365

21 264 6426.48 681.60 89.39 365

22 266 6426.48 720.00 88.80 365

23 218 6426.48 696.00 89.17 385

24 155 6426.48 728.00 88.67 380

25 205 6426.48 600.00 90.66 460



83

.2  COD  ( )

HRT

(day)
Day

SS

(mg/L)

COD

Influent

(mg/L)

COD

effluent

(mg/L)

% COD 

removal

Biogas

Production

(mg/day)

15 26 199 5178.16 488.90 90.56 530

27 197 5178.16 436.70 91.57 490

28 190 5178.16 418.40 91.92 480

10 29 166 5178.16 446.90 91.37 550

30 120 5178.16 436.80 91.56 500

31 153 5178.16 689.70 86.68 495

32 113 5178.16 678.00 86.91 510

33 134 5178.16 670.60 87.05 475

34 146 5178.16 678.90 86.89 510

35 132 5178.16 649.60 87.46 495

36 115 5178.16 666.90 87.12 450

37 168 5178.16 735.00 85.81 480

38 116 5178.16 711.63 86.26 445

39 108 1924.8 332.56 82.72 425

40 148 1924.8 339.53 82.36 455

41 180 1924.8 348.53 81.89 560

42 162 1924.8 359.16 81.34 640

43 190 1924.8 348.53 81.89 565

44 154 1924.8 335.58 82.57 560

45 143 1924.8 366.05 80.98 545

46 161 1924.8 369.46 80.81 555

47 153 1924.8 348.65 81.89 595

48 126 1924.8 349.43 81.85 575

49 140 1924.8 353.56 81.63 545
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.2  COD  ( )

HRT

(day)
Day

SS

(mg/L)

COD

Influent

(mg/L)

COD

effluent

(mg/L)

% COD 

removal

Biogas

Production

(mg/day)

10 50 154 1924.8 359.54 81.32 525

51 153 1924.8 364.69 81.05 540

52 162 1456.6 255.69 82.45 565

53 192 1456.6 247.69 83.00 575

54 150 1456.6 247.27 83.02 455

5 55 115 1456.6 268.32 81.58 790

56 149 1456.6 297.9 79.55 725

57 163 1456.6 298.74 79.49 795

58 179 1456.6 296.48 79.65 820

59 73 5196.96 1237.02 76.20 820

60 46 5196.96 1243.63 76.07 890

61 51 5196.96 1268.64 75.59 880

62 70 5196.96 1240.98 76.12 840

63 54 5196.96 1200.02 76.91 860

64 57 5196.96 1242.86 76.08 860

65 58 5196.96 1222.86 76.47 840

66 54 5196.96 1241.72 76.11 850
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.3  COD 

Day
COD Influent (mg/L) COD effluent (mg/L) % COD removal 

1 3 6 1 3 6 1 3 6

3 14016 14016 14016 1696 3448 5580 87.90 75.40 60.19

6 14016 14016 14016 1890 3550 5430 86.52 74.67 61.26

9 14016 14016 14016 1840 3250 5400 86.87 76.81 61.47

12 14016 14016 14016 1900 3400 5324 86.44 75.74 62.01

15 14016 14016 14016 1950 3290 5424 86.09 76.53 61.30

18 14016 14016 14016 2024 3159 5350 85.56 77.46 61.83

21 14016 14016 14016 1880 3200 5350 86.59 77.17 61.83

24 14016 14016 14016 2150 3350 5420 84.66 76.10 61.33

27 14016 14016 14016 1690 3458 5448 87.94 75.33 61.13

30 11548 11548 11548 1561 3149 4318 86.48 72.73 62.61

33 11548 11548 11548 1488 3498 4816 87.11 69.71 58.30

36 11548 11548 11548 1582 3360 4954 86.30 70.90 57.10

39 11548 11548 11548 1672 3109 5109 85.52 73.08 55.76

42 11548 11548 11548 1541 3762 4987 86.66 67.42 56.82

45 10368 10368 10368 1467 3326 4218 85.85 67.92 59.32

48 10368 10368 10368 1448 3163 4418 86.03 69.49 57.39

51 10368 10368 10368 1488 3184 4514 85.65 69.29 56.46

54 10368 10368 10368 1476 3211 4467 85.76 69.03 56.92

57 10368 10368 10368 1483 3313 4316 85.70 68.05 58.37

60 10368 10368 10368 1472 3287 4136 85.80 68.30 60.11
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.4 -

Day
Temperature ( C) pH

1 3 6 1 3 6

3 33 33 33 7.48 7.66 7.50

6 33 33 33 7.78 7.55 7.38

9 33 33 33 7.68 7.59 7.68

12 33 32 33 7.79 7.48 7.21

15 34 32 33 7.34 7.55 7.11

18 33 34 32 7.49 7.39 7.01

21 33 34 32 7.33 7.32 6.86

24 33 34 33 7.59 7.35 6.78

27 32 34 29 7.44 7.46 6.44

30 32 34 29 7.49 7.31 6.33

33 32 34 29 7.43 7.32 6.22

36 30 33 29 7.56 7.38 6.44

39 30 33 33 7.66 7.52 6.56

42 30 33 33 7.53 7.44 7.21

45 29 33 32 7.49 7.43 7.43

48 29 33 33 7.66 7.45 7.62

51 29 33 33 7.54 7.49 7.77

54 29 33 33 7.52 7.48 7.54

57 29 33 32 7.62 7.44 7.58

60 29 33 33 7.48 7.41 7.6
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.5

Day

VFA

(mg/L as CH3COOH)

Alkalinity

(mg/L as CaCO3)
VFA/Alkalinity

1 3 6 1 3 6 1 3 6

3 220 225 215 1550 1550 1650 0.142 0.145 0.130

6 167 285 315 1550 1550 1600 0.108 0.184 0.197

9 260 295 345 1500 1570 1650 0.173 0.188 0.209

12 265 340 335 1560 1575 1650 0.170 0.216 0.203

15 240 355 395 1550 1550 1600 0.155 0.229 0.247

18 255 350 400 1550 1650 1650 0.165 0.212 0.242

21 265 350 415 1500 1650 1650 0.177 0.212 0.252

24 250 350 425 1550 1655 1600 0.161 0.211 0.266

27 255 355 435 1500 1575 1600 0.170 0.225 0.272

30 235 345 445 1550 1525 1650 0.152 0.226 0.270

33 235 365 455 1550 1575 1650 0.152 0.232 0.276

36 260 350 435 1550 1525 1625 0.168 0.230 0.268

39 265 355 435 1575 1550 1625 0.168 0.229 0.268

42 265 375 455 1550 1550 1525 0.171 0.242 0.298

45 245 355 450 1550 1500 1550 0.158 0.237 0.290

48 235 355 385 1500 1600 1550 0.157 0.222 0.248

51 225 375 365 1550 1550 1600 0.145 0.242 0.228

54 235 360 375 1500 1500 1550 0.157 0.240 0.242

57 255 355 365 1500 1550 1625 0.170 0.229 0.225

60 245 370 400 1550 1600 1650 0.158 0.231 0.242



88

.6

Day
Biogas Production (mL/day) 

1 3 6

3 880 910 900

6 695 770 790

9 680 755 780

12 710 745 760

15 630 760 795

18 640 755 785

21 655 760 795

24 640 780 810

27 655 700 800

30 675 750 785

33 655 795 789

36 725 765 780

39 735 765 795

42 655 780 775

45 645 750 760

48 735 760 790

51 655 810 785

54 660 785 800

57 680 780 790

60 675 810 790
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.

.1

Day

Biogas Content 

HRT = 15 day HRT = 10 day HRT = 5 day 

CH4 CO2 CH4 CO2 CH4 CO2

2 - - - - - -

3 70.33 7.02 67.84 4.69 32.57 4.96

4 77.21 7.73 80.98 14.19 62.13 9.43

5 67.81 7.19 77.21 13.54 34.94 6.51

6 64.69 6.84 48.08 8.58 31.87 5.94

7 90.07 11.70 50.75 9.06 35.03 6.42

8 79.82 11.10 56.45 7.41 43.89 5.76

9 73.83 10.35 61.04 8.84 67.18 11.60

10 80.22 10.86 59.32 10.41 72.80 10.06

11 60.35 8.14 65.51 11.23 71.34 10.15

12 35.78 6.26 70.36 13.40 74.10 11.22

13 33.53 5.87 68.78 12.99 75.57 9.01

14 72.47 12.20 16.24 3.57 61.99 7.06

15 77.34 13.10 14.94 3.28 - -

16 68.67 11.63 53.41 8.26 - -

17 43.87 6.67 57.73 9.17 - -

18 41.70 6.33 54.75 5.47 - -

19 67.67 11.94 60.98 8.91 - -

20 65.17 11.48 58.91 8.61 - -

21 69.96 9.50 43.74 8.17 - -

22 66.60 10.88 57.64 10.22 - -

23 55.18 9.58 63.98 10.64 - -

24 52.90 9.18 54.57 7.73 - -
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.1  ( )

Day

Biogas Content 

HRT = 15 day HRT = 10 day HRT = 5 day 

CH4 CO2 CH4 CO2

25 43.19 7.53 58.05 9.37 - -

26 44.76 7.71 52.24 9.17 - -

27 50.03 7.70 66.89 11.18 - -

28 28.87 4.87 43.82 6.49 - -

29 - - - - - -

30 - - - - - -

31 - - - - - -

32 - - - - - -

33 - - - - - -

34 - - - - - -

35 - - - - - -

36 - - - - - -

37 - - - - - -

38 - - - - - -
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.  GC-TCD 
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 PREPARATION OF BIOGAS FORMATION FROM RUBBER INDSTRIAL

WASTEWATER
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