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ABSTRACT: In order to improve the anaerobic digestion efficiency of the sewage sludge, the methane potential
of the hydrolysate generated from the hydro—thermal reaction at 170, 180, 190, 200, 210, 220C was analyzed
and the constitutional characteristics of the organic materials were estimated by dividing organic materials
of hydro—thermal hydrolysate into easily biodegradable, decomposition resistant, and non—biodegradable
organic materials applying the parallel first order kinetics model, The ultimate methane potential of sewage
sludge hydro—thermal hydrolysate increased to 0,39, 0.39, 0,40, 0,44, 0,45, and 0,46 NmS/kg—VSadded as
hydro—thermal reaction temperature increased from 170, 180, 190, 200, 210, 220C. It has been shown that
the organic matter of sewage sludge is solubilized to increase the content of biodegradable organic
material(VSg). The easily degradable organic matter(VS.) content was highest at hydro—thermal reaction
temperature of 200 and 210C, and optimum hydro—thermal reaction temperature for organic matter
solubilization of sewage sludge was in the range of 200~210C, In addition, the amount of biodegradable
organic material(VSg) and easily biodegradable organic matter (VS,) in the hydrolysate of sewage sludge

was the highest at hydro—thermal reaction temperature of 2007,
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Table 1. Physico-chemical characteristics of sewage sludge
S vs? cop” scop” ™ NH, "N
(%, w/w) (%, w/w) (%, w/w) (%, w/w) (mg/L) (mg/L)
15,62 12,18 17.70 2.68 10,050 1,940

1 2 3 4 5
>Total solid, >Volatile solid, )Chemical oxygen demand, )Soluble chemical oxygen demand, >Total nitrogen,

Ammonium nitrogen,
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Table 2. Chemical composition of inoculum

pH TSV vs? cop” T-N” NH, "N | VFAs” Alkalinity
= (%, w/w) (%, w/w) (%, w/w) (mg/L) (mg/L) (mg/L) (mg/L as CaCOs)
8.8 1.7 1.0 4.0 4,489 3,435 ND” 19,175

1)Total solid, 2>Volatile solid, 3>Chemical oxygen demand, 4>Total nitrogen, 5)Ammonium nitrogen, 6)Volatile fatty acids, 7)Not

detected,
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Table 3. Physico-chemical characteristics of sewage sludge hydro-thermal hydrolysates

Parameters Unit Hydro—thermal hydrolysates
Temp” (C) 170 180 190 200 210 220
pH ) 5.84 5.85 5.78 5.87 6.15 6.56
TS (%, w/w) 5.29 5.28 5.08 4.93 4.28 3.88
vs? (%, w/w) 5.20 5.10 4.90 4.74 4.1 3.74
cop” (%, w/w) 7.90 8.04 7.80 8.22 7.71 7.84
scop” (%, w/w) 7.79 7.65 7.55 7.95 7.46 7.54
TN (mg/L) 7,800 7,675 7,825 8,750 8,400 9,500
NH,*—N” (mg/L) 2,588 2,559 2,632 2,640 3,313 3,912
VFAs® (mg/L) 1,879 1,940 2,075 2,085 1,991 1,907
Alkalinity (mg/L as CaCO;) 9,025 9,225 9,558 9,633 9,600 10,658

2 3 4 B
1)Hydro—thermal reaction temperature, )Total solid, )Volatile solid, )Chemical oxygen demand, )Soluble chemical oxygen

6 . 7 . . <) . .
demand, )Total nitrogen, )Ammomum nitrogen, ) Volatile fatty acids,

718243, 25(1), 2017



40 288,

{0

[

et

7.71%0A 8.22%2] ¥WMYE Hom, SCOD=
7.46%0014 7.95%2] HE EAct IR
TNS 7,675 mg/L~9,500 mg/L, NH, -N&
2,559 mg/L~3,912 mg/Lo] M= Helon 2
Hebst Wh-g-2= 7} 170 CollA] 220 C7HA] A5t
wet M3 Frkshs AR Ve

3.2 O|2& O|EtmHA

slkrs A EEst o] AR Aule} oj=
FE Boyle(1976)9] {7]& H3f vH-241(A1)S o]
goto] SIBIFEH O R AESE o4 H| |
(Bin)- Table 48} gt shp&e|A] fgehsto] o]
b4 FHFS 51 57~53,16%, 44 TEFS 6,58~
6.87%, At FFeFL 27 34~29 57%, A T2
11,29~11,85%2] W95 Helom, o gk =4
els} &% 170C, 180°C, 190C, 200Co)A z}zt
0.10, 0.10, 0,11, 0,08%%= UElGT SLetstol
o] o] 24 vt dld-e f=getste =7t 170 CojlA|
190C7HA] Akgste]  wel 0504004 0,496
Nm’/kg—VSuea &2 7 ZAstgtrt $-gerst
2% 200Co)| A= 220 CE Aol we} 0.5129]
A 0,524 Nm® kg—VSua 2 & F715FATE

NTR

3.3 Z|& HIEHEHA
Fig, 12 stpediA| sEestd o] weugd
NI @S A WEAATHT Modified
Gompertz model, HE 12} Hi &
o] 2Aske S ek 9Ich Ea Table 59}

Table 62 22t shpge|A] RS9 4] o
ERRYALL M-S ZF7F Modified Gompertz model™}
HE 13} BG4S o] &sto] ARt 2F HEA
AbElE (B 2d IAES UEH i sk
29X anstoe] LA HEgNES Modified
Gompertz model2 XA 3}slo] BASH = &t
Helld (B> SRS E7} 17004 220C2 5
7Vsho) wal 22+ 0,28, 0.36, 0.35, 0,39, 0,39,
0.41 Nms kgil_vsaddedi %‘7]’3}9&‘:}. E@' Z‘JEH
HERIARE = (Ry) = S EEE 92 % 170 CoflA]
14,36 mL/day= 7} &9kom, o|F +Eesle
=7t S7vekel wek HAF aste] Eus} vk
2% 220CoA& 10.54 mL/days YERHATE
sleseln oasiele) b RS
Q13 WA R Aol HAT HE e
A(B.) RS2 E7}F 170014 220CE F715
of whe} 77+ 0,39, 0.39, 0.40, 0.44, 0.45, 0.46

) )

Nm’ kg—VSauea® 2718 B3-S e e
Modified Gompertz model 2 E3&) & 2= et
Hel gy} vjmste] oF 8~39% 2 S YERY S
o}, E Aox AHL3t Modified Gompertz
model?} W 13} ¥k3-2419] FHAsl=E UEhl=
HAd A FHAHRMSD)= Modified Gompertz
modelo)|A] £=FErSt L7} 170004 220C=E =7}
Sbol| whet 12,5934 35,4528 F715ko] Hhg-2
2o] 27k} gl wEle] HASIES) Lot 4
e Btk W 1A ¥ HEA] AgolHE B
dAFFHAL AA| e EEE} 9o A 3,819

Table 4. Elemental composition and theoretical methane potential of hydro-thermal hydrolysate

Parameters Unit Hydro—thermal hydrolysates

Temp” () 170 180 190 200 210 220
¢ (%, w/w) 51,57 51,84 51,92 52.45 52.39 53.16

H (B, w/w) 6.58 6.71 6.6 6.84 6.61 6.87
Cfﬁges?;fn 0 %, w/w) 28.70 29,57 29,23 28.46 27.8 27.34
N (%, w/w) 11,29 11,44 11,76 11,65 11,56 11,85

S (B, w/w) 0.10 0.10 0.11 0.08 - -
Bu? (Nm” kg—VSaqdea) 0.504 0.499 0.496 0.512 0.514 0.524

1 2
)Hydrofthermal reaction temperature, )Theoretical methane potential,
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Fig. 1. The optimization curves of cumulative methane production curve by Modified Gompertz model and parallel
first order kinetic model.

Table 5. Ultimate methane potential and model parameters estimated by the optimization of Modified Gompertz

model in the hydro-thermal hydrolysate of sewage sludge

Temp“ BuZ) . Model paz:)ameters . RMSD?
Farameters (C) (NP g~V Susaed) - e A )
(mL) (mlL/day) (day)
170 0.28 134,16 14,36 0.34 12,59
180 0.36 156,64 12.65 1.60 26.98
Hydro—thermal 190 0.35 157,84 11.24 1.88 29.11
hydrolysates 200 0.39 168,50 12.20 1.78 30.06
210 0.39 174,05 11,66 1.87 30.65
220 0.41 177,81 10,54 2.42 35.45

2 3
1)Hydro—thermal reaction temperature, )Ultimate methane potential, >Maximum methane production,

4 . . 5 . 6 .-
>Max1mum methane production rate, )Lag growth phase time, >Root mean square deviation,

718243, 25(1), 2017
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Table 6. Ultimate methane potential and kinetics model parameters estimated by the optimization of Parallel

first-order kinetics model in the hydro-thermal hydrolysate of sewage sludge

) B2 Model parameters 6

Parameters Teom P B £ ke ks SR
(C) (NM*/Kg—\/Saded) m) | ) | (/day) | (/day) ©)

170 0.39 184.66 0.60 0.23 0.01 5.47

180 0.39 172,23 0.59 0.28 0.03 4.48

Hydro—yhermal 190 0.40 177.75 0.58 0.27 0.03 3.83
hydrolysate 200 0.44 193,09 0.59 0.25 0.03 3.82
210 0.45 202,70 0.59 0.23 0.02 3.93

220 0.46 199,64 0.53 0.26 0.03 4.09

1

2 3
Hydro—thermal reaction temperature, )Ultimate methane potential, >Maximum methane production

4) . . . .. . . . 5)_,. . 6 c .
>D1str1but1on coefficient of the Parallel first order kinetics, )Kmetlc constant, )Root mean square deviation,
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Table 7. Organic fractions estimated by the optimization of Parallel first-order kinetics model in the hydro-thermal

hydrolysate of organic sludge

VSs”

Parameters Tefn pl) vs.” VSp4) Sum VS
© (%, w/w) (%, w/w) (%, w/w) %, wi/w)

170 51,19 33.97 85.16 14,84

180 51.23 36.22 87.45 12,55

Hydro—yhermal 190 52,08 37.25 89.33 10.67

hydrolysate 200 57,08 38.98 96.06 3.94

210 57,81 40,15 97.96 2.04

220 51,36 46,27 97.63 2.37

2 3
1)Hydro—thermal reaction temperature, )Biodegradable volatile solid, )Easﬂy biodegradable volatile solid,

4 5
>Persistent volatile solid, )Non—biodegradable volatile solid,
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