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Abstract - Anaerobic digestion has been widely used for the treatment of sludge, which is generated from the munic-
ipal and industrial wastewater treatment, for its volume reduction and methane production. Many researches on sludge
pre-treatment have been carried out in order to enhance the performance of anaerobic digestion by increasing the hydrol-
ysis of sludge which is the rate limiting step of anaerobic digestion. In this study, the effect of pre-treatment on sludge
hydrolysis(solubilization), methane production and sludge reduction by anaerobic digestion after thermal, ultrasonic, and
thermal-alkali sludge treatment were compared. Thermal-alkali treatment showed 67 and 70% solubilization with
municipal and industrial wastewater sludge, respectively, while ultrasonic treatment and thermal treatment gave similar
solubilization efficiency of 40% or more. Methane content of the anaerobic digestion gas reached 45~70% and pre-
treated sludge gave higher methane content than the control sludge. Methane production of thermal, ultrasonic, and ther-
mal-alkali pre-treatment gave 2.6, 2.7, 3.5 times of municipal control sludge and 3.5, 4.1, 4.2 times of industrial control
sludge, respectively. Sludge reduction of pre-treated sludge after anaerobic digestion gave 5~19% point higher than that
of control sludge, and thermal-alkali treatment showed higher reduction efficiency than thermal and ultrasonic treat-
ment. The results proved that pre-treatment contributed significantly not only for the methane production but also for the
cost reduction of sludge treatment and disposal, and thermal-alkali treatment gave the best performance for the sludge
treatment.
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Al vl BAEE EEAE ARt 380REE A EEA,
olFeM f71Ee] th EE 718 AVER BRIV ks
A EA7F 3009 A% wiEH D glom, 3RS stElA
o] gl A o w2 AEAR] F7PF eV 1,2]. £ulAle
Stlel] 23k f7]E0] Alo] LAz AgtE|HA YA ER= s
T A FHFEE o] A v]E-2 HA| stulTAEE 4882
50% 7FFEC . w9 Fogk g ApA|ekaL Qlvk. BESE HE A
Aoz LEjA|g wilE 9 Al gk 1A 7le] FAMAHEA
FE FFFTel oFEsh SElvkels tiA ks Ftolok k= A
et e A HAeHE]. kA el SR Al AA
4 SHo 7HE 83 A om HiEE EHA] = 20171
A =837 vEo] A9 ALt oy Ao &8 F
of o3l THilo] RolA|aL Qith4-6]. £ulA] 7 HAo R TPt w
o] o] &&= 7]&o] 37]4 3} (anaerobic digestion)Q1H] o]= &84
g ole]ell W] A, Eeix| 9] Mg}, 17l wgk 52 A
A UAE ieke S0 R QlE HT U B s v
ATHS,6].

&A1) P74 8k 71523l (hydrolysis), At A/ (acidogenesis),
723 gk A4 (methanogenesis)®] 3THA] HES-0.2 Hsjwc), 3
AR, 7l YAV 1A A @ETEE, AW, 9 S
o] 9} A3 'EAA O 7 ARGE]7] 72 ARAt 24 (T, A
Ab, oAl BHE FalEE S 2ok pH, SRTAHE A5+
AlZh, &% Fol 72 34 9 4 Qxlo|n tiAZ 7=l &
E7F ulfg- =2 oH7,8]. A=, 4t A/ (acidogenesis) TAl= LRE
A o 2 vbg (fermentation)Z}al = $Het, 7123l DAl e
T8 AJEL obHEIo] E(acetate), T4, olalslekAo|H, 2 w] 9
Y| E] E (propionate)2} F-E]#|0] E (butyrate)°] ™ o5 A5 A
gl AR EAZA Y] A3hS FalekA Hnk HFH O R o]5 o]
Abelekas gl 4 5O 7 H3kE o] wiekg/d o] Mg-Elo] Hit Al
AR, vlg 234 (methanogenesis) WAL E] o] &5k 7]d el we}
A 7 FRE e T vk i oHlHo|EE VAR o] g8t
= Rl Sgt Ao R otAElo| EE HRl} o] AbslRlkiE
At EAlE FAE o8k HRAd el 2al AxpaolA)
2 T4, 283 WS SISt ARGEA R olibslekaE o] &
st} 71 gl o] 7S BAlel AR Sl e EAISH
v Zo=® dEA 9.

A EHAE o]gst AVIaske] A b f7Ee] B S
2RISR Lok, ol £e1A|9] g FE A 34 5 A
=R o]Foix] qlow ngzo] Al S HeE 1 gl
of 7kl S50t = d714s) 349 &5 R dEA 9l
o}H7,8].
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7} A e3tal 0]8] Adel= AQe] FAb 28t weka] §
7143130 A AeEEre A7) s A7 JEH o
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Selx ] 1 g A Wiel wet nlwste] 3
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2 ATl AMEE sk AT CAlY sEEAEelA B
o] £HAF ol g8l H EEAE H 7734 HeAed
2] &Jo] LA E uPFoZ At £EA] A EelA A
3 5 Wil AR 2RI, EF 2.0 mm2] meshE ©]
g3to] GRES AAS FH A3 A7HA 4 °colM B3 Bkst
Ak 72+ &R 9] A2 o2 Table 13} T}
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Table 1. Characteristics of wastewater sludge used in this study

Anaerobic Domestic Industrial
digestion secondary wastewater
sludge sludge secondary sludge
TSS (mg/L) 14757 9480 9223
VSS (mg/L) 8500 6227 5897
VSS/TSS (%) 57.6 65.7 63.9
TCODg, (mg/L) 10812 7950 9416
SCOD, (mg/L) 321 503 420
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TE™ probe A H-2 7.6 cm, HOJ= 58 em®]Tth E¥2 700 Watt
2, Zo0 s 28 kHzz g H o] Slok. 25Tl ot &2
2] AA2e 11 L REE71el 8 Lo £8iA] Al5E Yol 0.0875 kW/
L2 power intensity=. 787.5 kI/LS] oUXE Fsto] AAeE] &
7Hsl AEE A8 Aol &3t £81A] A 2] autoclave®
120 °CollA 3 AI7F B2 WESAI 7|2 G-zt oJgt HAjel= 7}
A4t} 0.04 N/L 23904 autoclave® 3t AJ7F E<F 120 °ColA] wE
SAIA 7HEskerint. Aol ogt &£2#] 718-3h(solubilization)
BEL U 2S o) g8ilth

£214) 7H3H(%)=(SCOD,~ SCOD,)/(TCOD, ~ SCOD,)x100
ey

o}714, SCODA= AA2] F &e#]¢] §<& COD(mg/L)

SCOD = &84 %7] €< COD(mg/L)
TCOD = &4 %7] % COD(mg/L)

7143} 3 Leix 9] A FHudE g 588 U 4o
2 ARreict.

st

VSS 7HH(%)=(VSS, — VSS)/(VSS,)>x100 ()]

o714 VSS = g7k o[ SeA1 9] $1ed s
VSSi= @718} o) - S 9] S e ST (mg/L)

2-3. £2{X|9| 7|45}

Zguh, 9 8o Qe AXes o Sex e A
SHA] ok &Jo] &£ A (control)E Vo2 748} S 4
sho] Wil WA Lefx] e g ERIEISITE #7148 3
F2]0 7 do] gl 2ol 150 rpm, 35°C IRE Hik7|ollM 120
mL2] serum bottle®l] 45 mLe] £2A] A58} 37143} £21A] 15 mL
£ AFsIoict. £8A AlgelA] BAEE 7hAwks Jeks] APgst
7] 98 vlw AP o g 15 mLY #7143} SeA 9} v wjx]
45 mLE S8t ZS 22 200x 7] wijeksto] ofu wAgE A
3} 7}20) B TR AB9 A3k kol Wl gk LA 43}
7twg0 2 o] 83t Sl 2] A vl we #7435} A
S Adol= 12 serum bottleol] HAA]2]51A] &2 o] &iA] 9}
AA 23t Y& A|EE 10:0, 8:2, 6:4, 4:6, 2:8, 0:102] H|EZ
23t Z1E 45 mL FYskal @7148F £214] 15 mLE HEsI8]
t}. Serum bottle ‘= IFEPIR Bal dFalE HoF 15T
Ko, A kg F{lste] Ui 7] A2 =3Itk Serum
bottleollA] A== 423} 7k 100 mLe] FEFA1E o431
F7IH 02 WY FulE Selon, gk e 7k I 2nE
12 E o] gato] Bl B LA dAlE W d7)43 A
A2 N AEE o ARst A7 Haraks ol8siSitt

2-4. A 4

RE AZ+= Standard Methodsel 2]AH] FX3F3ATH15]. 3%
AOF pH, &%, COD,, TSSET-FIHE), VSSEWY /L
FE) T5E ST &8A 7HEEE gRlsk] g 7k
(soluble) A4H-& A2]E AIEZ 10,000 rppm° 2 A4 F GF/C
2 ojzlsl & Sl om AREE 24 WS Table 20 st
At 237 ER0] vigh S 71 32 ulE TR (Agilent, 6890)E
0] 4319 He2 2HF7|AZ HaysepQ, 80/100 column(Alltech, USA)

Fegol] vl= 9 105

Table 2. Methods and instruments

Parameter Methods and instruments

pH 720 pH meter, Istek
COD K,Cr,0; closed Reflux method (Hach Kit) Multiblock heating
system

Gravimetric method Dry oven (105 °C, 2 hrs), furnace

TS8,VSS 550 °C, 15 min)

02 72| & thermal conductivity detector®. #-443}Ic}. 71~ A
ZolE72L9] injector, column, detector= 22} 60, 50, 200 °Cel
A A=

3.8 3 o

3-1. MX2| Yo mE &2K| 71835

A g At SR AR Bl el gl 2]
25 AR o] &yAoln FE 37V vAEe] FE o)FL 3
t}. Fig. 15 A el W& sl (Fig. 1(A)S #5°(Fig. 1(B))
Joi&EiA ] 7ResES YERISITE 7REekES ol JoiEH A
9] 79 AXEloll e 40%2] FHS WOl Z2upH gl e 44%
TEla G- B A2id Aols 67%71 7HE-3kE o] AAlE
W FolA 7HE =2 G8S Bt dAe s A4
- Ao 30% 8-S Holal 2gupH el 42% 1
23 44125 o] At Aoli= 70%7) 7HEEE o s &
x| o} Mol wet v)seet 7183 Fake 1otk 22u) A
2 Al 22 oA £ eyA|e] et oF 70C M7k s
sl El=u[12] olE st 25 S7Rs 233k Z1AIA uA7E 4
2 29EEA gojus o7 283 Hels 53 7%
(cavitation bubble)ell 2]3F &/t 212 Aol o5k A2 2|7t 4
he Ao R B 4= Qlt) webA] 223k A2l dA el vl &%
T WA 22 7RSS RIS el 2 A-aE] BAIAE
= k= A9 9 A avel deo] &zl avrt daiA
2 MBS ROtk aelel 9 Lex]] 7R3 e o
o] ] AN EajjEle A3 2 dAolo)

3-2. A2 Yol 2 S2X|2| Ho|ast JiA Ry
2 Aol slrgt e JoAEeiA] @148 71l viE
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Fig. 1. Comparison of sludge solubilization by pre-treatment (A: munic-
ipal wastewater sludge, B: industrial wastewater sludge; Z:
heat, N: ultrasound, l: heat-alkali treatment).
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Fig. 2. Anaerobic digestion gas production from municipal waste-
water sludge (A) and industrial wastewater sludge (B) (O:
control, A: heat, (1: ultrasound, : heat-alkali pre-treatment).

Ak 237kA B Fig. 2(A), (B)Y A9 slElS LA B
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HEA o7 A4 A7t 7P e 7k AR HSl
tho = dAE|el 253 A7t vlsset o] ST 7]

et vk A el vl 253 Aol dxE]e] A9
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Agods A" Az 1, 29 ol AA) s A 13
HHE QITHFig. 2(A)). BFAl G222 Agler= AuFes
A 7kx BAlgo] Z7keIie AjHEl o] SeAME 2
I} 2|7t A1) 7148} M8t ARk Fol=t 71oigkE &
QIBISATHFig. 2(B)). 3 -] AAeet #5 7t 271
o= 7kbgEo] ThE g nial gl oz Wkt AE
SRRl thE AAje] el b8l & Fo% Frlehs 2l gkl
st d-2ze] Ao the Az Bl nisl] 743
JZto] AlH ez o A= 21 §7)23) v|dEe] 384 37
7lo] ok &eA] A2 Wiel vls| th27] w2 JhekET)
=, pH 285 918k ] s) 4ke] F9J o= Qlef Aaskglo] A
(salinity) -} 7|15 Z=7do] det 7] wdEe] A-8sh=t] Al
o] ¥ wWo| el wliE o2 Abgen) 253 H2ek &2
21458 F7148) Jae 71 d71askx] 7 ARARRe Bekgt
U= T2 BAoIt) I )] Aol ke A WHel v
3 Aoz 7Hgskgol nls) 7l Asko] Wol d714x8 a8
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Fig. 3. Content of methane gas of anaerobic digestion gas from munic-
ipal wastewater sludge (A) and industrial wastewater sludge
(B) (@: control, A: heat, l: ultrasound, @: heat-alkali pre-
treatment).

Sl 7lofeh=s 2le E18 5= vk

Fig. 32 &£217|9] 37]43} wpdela] A= vigke] g ¥
3= ol 2 g SRl e el wel Blwdt Azo)
ok WA sk EA2] AA- 28} 7Rl ek Sk Alglel] wheh
S7FIt7F Qg sk o] 45~70% H9lelA s S Bl
ChFig. 3(A)). A7 12e] &2iA] F7143) 7k0) wgh S
60~70% T2 UTA] Srhl6]. EulAol W wgk ghge- A
A& et LejA] ZF7)F A2 skA] %22 controlol] H]3l =7 YER}aL
Utk o7l e Kol AAe] &eixe] §7]43t thAk7} controlell H]
8] A14:3] WE L S-S BIE 5= ek ARjElS: LX) )
e gh Ws) oA sl SeiA o} nisest Aabs Bk v XA
2] el nlal 253k Aejeld 27] viek 3 9 HE wwk 3
o] & Zl o7 YEpth

Fig. 40llA+= ab 9 w5 o] &eiA1€] dAje] whiel we =
g 7k AkES S A7 O oPdshE 219 Vo R AR
207wt Zlo|k, vgk AAFe: Sl SeiAE AAeekA] &
2 749 90.3 gkg VSS, A= 231.0 gkg VSS, 253 A=
241.6 gkg VSS, €-27e]E o] Mgt Z-f-olli= 313.2 g/kg VSS
7} AAEE]0] controlel]l HIE ZH2t 2.6, 2.7, 3.5 ¥l|9] =2 S K]
ChFig. 4(A)). 3HH 5 o] £ujA9] Af-olli= AA A 9>
X)) 79 64.7 g/kg VSS, BAE= 225.9 g/kg VSS, o3} 7
2= 265.1 gkg VSS, B2 2ol Agt 7-9-oll= 268.8 gkg
VSSZ controlel] BI&l ZH2} 3.5, 4.1, 4.2 Wl vgt gakako] S7)sh
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Fig. 4. Comparison of methane production from pre-treated waste-
water sludge for 21 days (A: municipal wastewater sludge, B:
industrial wastewater sludge, [1: control, Z2: heat, N: ultra-
sound, ll: heat-alkali treatment).

AHFig. 4B)). o= 3k EelA| 2 A} dds] fAksE Zloltt,
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7 WAERS- 159, Z7FsIgItkal B skt 17]. 221 ohe) A
o] mEW 2R FHAE AP v mek BgES
210 155 kg & AC] 257k Ae] Afel] nlal] tha 2
e eI o= ]88 253} power intensity”} & A
B} 8 24 w02 AL ATH18]. Tanakaol W™ o-g-2e)
A2 E o) 3k Ao 0.3 g NaOH/g VSSS Yl 130°CE
SelA] AA s A9 Hgk TS 219 ghg VSSAE A
3] ¢k EElAel] vlal 28 F= ARo] SsIlvkal Barst
of & A3 fAkel A AAvH17]. 2 AFME @z A
o] 7MdatHE ARSI o 1 seE 28] Vo E upHY
0.26 g NaOH/g VSSZ Tha W0t 7 82 H|5=3h 3hs B}

Fegol] vl= 9 107
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A71&8 G8&0] F U =& AlUA| 237t Sl o] Qlo] 1
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ATelME EeA] AAT PHOE 253 oot o, -4
A5 3+ LA} control EE1X|2] EFm| & uje} wg At
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o= A %2> £21A] (control)2} A 2] S £¥A|E 0, 20,
40, 60, 80, 100%2] Ax]2] n&= AJo] 2143+ Ags Axjolt),
o714 o|ZAQl EEANEE W AX 23 SR Q] wgk Ak
7 3] AP 9> S| 2 wgk Ak AlolE 10002
S w7} ] A v)gel upE vigh algs WEEE A
2kst Aot} Fig, 5(A)NME E81A e 2539} Az Hlgo] =o}
el whe} wigzp ko] A2 A5 Sk 602 80%Cl)
A= o]B4 71710l nlel ot =2 AE ERIE = it o714
AL FA2] nlgol ukE wgk AYAF AR Z7) s 492
gk Aateke] wii-golot, o]2fdt vjg Ak A a I oF 5~10%
of o]231 9lom 1 ApMgt o] fin= BIE|A] QA Ytk 28R &
YRS AA2shs 3 SR AFE dAEshs ZRn Ay
st AEshA] 2 A7 E3sle] 7| Askze] FUshe
10] 220k oflu#] Bl A7) vigk RS Soishs avke o
F S Ao AlBHL) Fig. 5B)%) (CpPlH= 2 dx=)g)t
2] A2 vlgol wkE v A BlE Ay Ho] T 2
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Fig. 5. Effect of pre-treated sludge ratio on CH, production by anaerobic sludge digestion. Sludge was pre-treated by heat(A), ultrasound(B), and
heat-alkali(C). The pre-treatment(%) represents the mass percentage of pre-treated sludge from the mixture of pre-treated sludge and
the control sludge. CH, production(%) represents the relative CH, production of fully pre-treated sludge(100%) and the control sludge
(0%). Solid line represents the linear relationship of pre-treatment(%) and CH, production(%) by calculation and O represents experi-

mental values.
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