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Methane Fermentation of the Paper Mill Sludge under Anaerobic Condition
Jong-Woo Choi” and Kyu-Seung Lee” (National Institute of Environmental Research, Incheon 404-170, Korea, "Dept. of
Agricultural Chemistry, Chungnam National University, Daejeon 305-764, Korea)

ABSTRACT : The activated paper mill sludge was treated with WF and some additives (sodium sulfide, mickel
nitrate, ethyl acetate) for methane fermentation at 35C. Optimum C/N ratio was 60 out of three conditions
(20, 30 and 60). The period of 40% of methane content, possibly ignition, was 2 days shorter than with
non-treatment during 10 days. Nevertheless, the total amount of wmethane production showed the 1/8 level of
control for the same period. The yield and content of methane were increased by the addition of sodium
sulfide and ethyl acetate. Sulfur was an essential factor in methane fermentation of paper mill sludge.

Key words: methane, fermentation, paper mill, sludge, WF(waste liquid after fermentation) additives, C/N ratio.
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AToMe 294 HAFo| 3= hydrolytic bacteria,
acetogenic bacteria, homoacetogenic bacteria, methanogenic
bacteria 5¢] €4& SV} A17123F 25(35C), pH(6.5~7.0),
C/N £(2040,60) 59 E&|3182Q1 204 wehdar} B
0w JAYH=E gt 7)d(ethylacetate), 73883
nickel(nickel nitrate) 12|31 WElte] A5 S-YP2AFH Aol
#AY B35 E(sodium sulfide) 5 Hryste] Z4zhe] wgk
WY EES AL RGP Jeln A Asdo)
o3 LEESE F7IARE JIEskad vigdart B #o
WE& A23 daxd Wrlsia 1 3345 vlus) Bge
o, &%) 7iags A9s] S48} 918l digital gas meter
£ A Aeked Mg
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£ Ao viehdE AFEZ o]&3 AA&HRE pH
692 wghtaol] wie ol FFHo|lon, mAEY FdYdd
AAe gl w9 HQ) wFe uBEe] G A5
g F UAES FAYS A £ "eol ek w3 w)y
E A% BEAQ 3 e 24 g/kg ol9T?, golex)
FEHCEOL 2F 20 cmol/kg ©|Th 12lal $548 78
Tho] 0.05 ppm 502 AEHIo R FF%0 <3 fa)
e A gtk 1o, )Rgee 213 g/kg oIk AA)
A vgdEiL 2 Hde BML EosleRAda
HA71ZFRNEEHA FHRALY, BANkS Grg ol
g3 #49717]% Atomic Absorption Spectrophotometer (Baird
Atomic, A4), Gas chromatograph(Varian, vista 6000) & ©|
g3k

HED A WM A

= C/Ng 20IAE

ey A7} &84 2 kgs 5 L 839 fEzq ¢/N
£ 20, 40, 60 02 &9 dlgom, AAYOZE ureas o]
S35tk C/N &2 A& FEHB0%) 2 7H-A77)
BSHA0%) S EE] SR 2 kg 2 kg x 02 x 04 =
160 g (DEF)|o] QA(RATF = 50%)F C/N & 20 (160
£ x2=16g, C/N£40 (160 + 40 x 2 = 8 &) C/N & 60
(160 + 60 x 2 = 5 o2 77 H2FAT.

Table 1. Properties of the experimental paper mill sludge
used for methane fermentation

pH TN POLPKOK CaMg CECSOS Cd G Cu Pb Ash

x5) E;g/) (Ililgg)/ (mg/kg) g)

69 78 620 21 22 56 205 24 J - 005 - 213

(mol/kg)  (g/kg)

9<0.01 mg/kg.

HIEMN ZXIS 2[8 A7 MelE

7132 AAEHA 2 kg drdog 94 2 g WHE
Wgkre] 7)2¢l ethyl acetate, WlEhte] T/449%<] nickel
nitrate, 227 WAPE-2] Lo B3 Fsodium sulfide)S-
24zt 5 mM A 718 1 SHTE 5 L 8% Ao, o
shdETEE o)) 913t MERo= FIFA(HS)E v
Y AAT RS ol &3t

HEMY SN2 {8 2arY HuiEy

vehitge] A4EAE dolry] 93l CO/N & AFS
g53lT e HAWHS F7)=F Fo3nA JdF 17t
(300 mL)3le] WehdEr} Bk wM2A doju=AE st
o Btk

Table 2. Treatment combinations of methane fermenter (5 L)

Fermenters ~ Substrate  Nesource  WF Additives
Control ~ Sludge 2 kg Urea 5 g None
E ' " Ethyl acetate(5 mM)
N " ! Nickel nitrate(5 mM)
N+E " " Nickel nitrate(5 mM)+
Ethyl acetate(5 mM)
S ' " Sodium sulfide(5 mM)
-H:5 rilrlrli%ZdZIrl;zgS ! None
WF+C  Sludge2kg " 300 mL None
WE+E ! " " Bthyl acetate(5 mM)
WEN ' " " Nickel nitrate(5 mM)
WERE T e g
WE+S ' ! " Sodium sulfide(> mM)

JWF: Waste liquide after Fermentation.

Table 3. Gas Chromatograph conditions used for gas analysis
in this experiment

+ Model : Varian vista 6000

+ Colurn : Porapak-R , 80/100 mesh, 2 m, ST

- Detector : TCD (Thermal Conductive Detector)

- Temp. : LT.(857C), DT.(65C), CT.(38C)

+ Chart speed (10 mm/min)

- Injection volume (1 ml)

- Range (10" 512)

» Carrier gas : He 30 mL/min
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Fig. 1. Digital gas meter manufactured to measure the gas
volume.
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Fig2, Change of gas production during anaerobic fermen-
tation of activated paper mill sludge at different C/N ratios.
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Fig. 3. Change of gas composition during anaerobic fermen-
tation of activated paper mill sludge at G/N ratio 60.
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Fig. 4 Change of methane content during anaerobic fermen-
tation of activated paper mill sludge treated with some
additives. (C, Control; HS, removed H,S; S, sodium sulfide;
E ethylacetate; N, nickel nitrate; N+E, nickel nitrate+ethyla-
cetate)
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Fig5. Change of methane content during anaerobic fermen-
tation of activated paper mill sludge treated with WF(Waste
liquid after Fermentation) and some additives. (C, Control;
rHS, removed H)S; S sodium sulfide; E, ethylacetate; N,
nickel nitrate; N+E, nickel nitrate+ethylacetate)
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