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Effects of oxidative thermal treatments on the anaerobic digestion of sewage sludge

WBIE. ATEA”
Masanobu TAKASHIMA, Yoshihito TANAKA

ABSTRACT; In this study, various oxidative thermal treatments were examined in order to overcome
the disadvantages of thermal treatment and improve the performance of anaerobic digestion of sewage
sludge. The temperature and duration of the thermal treatment were fixed at 170 °C and 1 hour
respectively. Anaerobically digested sludge was used as the substrate, particularly to see the effects on
hardly biodegradable part of sewage sludge. Batch experiments using 120 mL serum bottles were run
at 35 °C for 20 days, and then methane production, sludge destruction, dewaterability and color
generation were measured. As the strength of oxidants, hydrogen peroxide and ozone, was increased,
methane production was decreased, whereas sludge destruction was increased. The dewaterability
and color became worst for the thermal treatment with oxygen and NaeCOs. On the other hand,
dewaterability was significantly improved and color generation was restricted most for the thermal
treatment with oxygen and HCl. The oxidative thermal treatment at acidic pHs appears effective to
suppress the color generation by Maillard reactions.
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LR, sk, BWLEOREIZOWTIT 170~180CHEAASEE T, FALALTIEERETL D LW
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HR Btz BRI E 72 IR R D e
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LR Fy. BDI Ay b AN -AFZER
BILEE + R BE—0.1 0.1 MPa Oz
B5E—05 0.5 MPa Oq
B+ BB+ TV | BRI —0.01 | 0.17 g/L Na:COs (8 0.01 glg VTS) 0.1 MPa O2
Y BEsE+7mY—0.1 | 1.7 g/L NasCOs (89 0.1 glg VTS)
EaE+7m)—0.18 | 3.0 g/L Naz:COs (% 0.18 glg VTS)
BALIE A+ BRFE 4 =l 0.085 mol/L HCI (# 0.005 mollg VTS) | %1 pH #9 2.
0.1 MPa Oq
BULE R KR | Bk FE-05 | 8.5 g/LHa02 (K9 0.5 glg VTS) Ay AN -RETZER
WEKFE—20 | 34 gLH202 (8 22/g VTS)
Bt ' —0.01 2% O3 (#70.01 gig VTS) AFEE 05 L
F v —0.05 2% Os (89 0.05 glg VTS) AR 0.115 L

) BUAEOEAT 170°C, BT 1,
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R UEEORO AL AT VL ABIHERS (FR25L. HEEN 1L5MPa; ==ar fu—/I X, BER)
CHETEIER 0.5 LEA L, EE /I ROERTIMBRNCHBIFTRICEREA L, —H, BIEFIR
BTHEBRLEASY L OHREIIL. ATV L ARMERRD~y RA—RZEA LR, BT MRS
BHAR A A AENIMEEREZRAEIR & 54 o344k (E0-302, MEFRUERT, K0 %48
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A T NVEROIFET 2 b O T, BEBRLAAEER 25 mL. (pH7.0~7.3 [Z3F%) % E5ROMKIME
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Loveland, Colorado, USA) % i\ 7= Closed Reflux Colorimetric Method (5220D) TZMi L7z, AR
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T5UEDIR KM, CST (Capillary Suction Time, Standard Methods 2710D) THUE U, Z#uZiZ CST
A—2%—Type 304B (Triton Elecrronics Ltd, Dunmow, Essex, England), CST EH~—/—Li5E& 6.4
mL 2, (BIREREROBEIT, ADMIE (Standard Methods 2120E) (2 & Y DR/4000U B4yt
EHL 14 o FORBE N ERGCTEIE L,
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B ALER 36 KUV T NVERSITRT BIBIROEAMRER 21T L O TRYT, ERICHEH LEER
EELBTROBEIL, TS: 27.6 g/l VTS: 16.8¢g/L., SS: 24,6 g/, VSS: 14.4 g/, VTS/TS k: 0.61. CODo
26.8 g/l ¥t CODe 059 g/l Tdho7e,

£ 20 HHOAS TAEBR TR LN RMEA 7 L RAEBEN 1 ICRIRT A, A7 L RAEBITIAMBT
BIE L7zh3, EDOSETHRRED 5 bIRRAEC—r 235V, BRI X A HEORETRZT bhie)
o, B, K1 TR, ERNLORERE Y 7 5o FELTELWTEHLTHS @GN
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K2 HFROMWR (LB BEMULER, TB : 1 TAERK)

e TS VTS SS VSS CODo | D-CODo | #0ERER
/L) /L) /L) (g/L) G g/L) pH

EeALEE 27.6 16.8 24.6 144 26.8 0.59 7.0
24.9 14.2 23.9 12.8 24.5 0.58 7.2

B 25.3 15.7 18.0 9.2 276 8.64 6.8
23.0 12.5 21.6 11.9 22.1 1.08 7.2

= —0.1 25.9 16.0 18.0 85 26.1 8.69 6.6
22.7 12.4 21.2 11.6 22.5 1.13 72

#FE—0.5 25.8 15.3 18.7 9.6 25.0 8.70 6.6
22.3 12.1 20.8 11.2 22.5 1.07 7.2

BT —0.01 25.2 15.3 18.1 85 24.8 9.14 6.6
22.8 12.5 20.5 11.7 22.2 1.22 7.2

B A7) —0.1 26.4 152 17.6 8.4 25.4 9.82 6.9
232 12.4 19.6 10.1 23.7 1.89 7.3

BRI —0.18 27.1 15.1 14.8 6.5 25.0 10.3 7.6
23.5 124 186 9.3 23.3 2.20 7.4

R +ER 27.3 174 15.8 7.9 25.2 7.97 3.1
24.3 13.3 21.2 11.6 23.2 0.92 7.1

B bRE—0.5 24.8 15.2 16.4 8.0 25.5 8.54 6.2
22.3 12.3 20.4 10.9 22.0 1.40 7.2

1R EKE—2.0 22,2 13.1 13.0 5.2 19.3 9.11 47
21.5 11.2 18.3 9.1 21.3 1.81 7.3

' —0.01 25.8 16.0 17.8 86 24.8 8.83 6.4
23.0 12.6 20.6 10.9 23.2 1.11 7.2

A —0.05 221 13.8 12.8 6.2 21.1 8.81 5.6
21.2 11.7 19.1 95 20.6 1.48 7.2

BI21%, VSS &4l & LT TOVEBRICRT BI5RNBHRY R b O Th D, VSS S s@{a
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—RROBEKIEIETIL, TBIEDMRRICHFI L TAZ U RAERBE B0, M1 L 252 RHEDL4TL
LS TLRN, REBRO VSS SRR RIETIL, ST A Y ABIRIMS IS, T VER
BITERITT DN CODG BN B VRIICH o1 R 2B, Zhhb, IFRODERIEST, #ikd
HEERSD & 5 BRI OV AR L TCWA Z a2 5, £, BEMKFR—20 LAY
v —0.05 TREINDBLHISRNFE L, 1 TAERED CODe BIREN D2, DE Y, CODer
DFRFEHRDBEMERIZH o7z (e L), THHORMTIE, A ¥ U RERE bEMEORIN TLUEN,
AHUREBMET LI B3, bR Z 34 RY VSS TRABIRSEENSIIG LRVERTH
A9,

SROER T, BULBRIZZER & MBEE A B E THVWEERHECRNT ERIFNEThROAS, BE—
0.1), FRICEELROBRONRE T, £, TAH URIRHERE LV EEEFEF 01 &£ 0.56MPa 25
XERENEE 0.1, BEE—05) OHBICBWTHLOTIREC L Y E->TWaA2, pH 7AR U HTOR
KB A BT LETRICER LIZBo ORZE 913, 0.1~1.3 MPa O CRERIENC L 55BN FE LT
LELTWS, BELL, BEMHBLIBIROMROE LT A Y RIOFRPERO S WER -7 FET
HAIEHHL TN,

B3 & 41Tk, CST M TALIBREIAM L ADMI EIZ & BVERBIEROBELES 7 7L TH D,
CST ffiE, ABEAKICL D CSTHEEZELSIKHIERITV., SLITBIRBEDEVEBRT 570, HEKE
IEL CST % SS BE TR LIEL = 2 CRERA LT\ 5, 1BTRBUKMIL. BUWEEDL., BYLE+EER,
B BB K ER L OB+ A O TR b REe - Tohs, BB +EERE+ 70 U T
KIBIZE L, SR+ BFE B CIE L<WEShZ, BECSWTT, BBENishs &1
RTOEHFIZBNTEE L, L L. (BIRE/KE LR ER S Ao, BUWE+BR+7L0 Y T
FEREEDEHE LTS, MOBEM AR TIXFUT B LB & X0 | BB 4-BER +BRD S F DHIND i
HIESME SNz, Fo, AR LE 2SR TEENE COD IBEIZITFEMER RO (BrRA2L), —4T
VI, A TAEBRMED VA BEIRHTRL VRN EBIZLA EThototh, BRSO SERFRRE
CODr BEICRE BB RITLIZE Bbh 3,

TBURBAME & BTV TIE, B KL 5B - 74V EINC & B BB R & S i 0T, B v
#%0 pH 28N, CSTEE AELZNFNAERC T2y M LTHEORK 5 L6 THD, KETORIT
—HEL RO THEE > TNEM, pH BHBHIRE KB L 724k (R0 h, MR +BR, IRBYMKFE —2.0,
BER TV —0.1, BEE+TM)—0.18) [T\ TR iT->& Y Uiz pH IREMEREE SRS, AEICOWT
3, TEHBRLE Y 1 224 CEARER LIZBELOBE Th A, BT CORBARN D2
LEEHL WHLHEL TS,

20 12000

CST (sec/g-SS/L)

3 AT INVEBROIEHTRBAME R4 AT NEBROBIBAREREE
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20 12000 1

a = s
& 15 9000
7] ] 1]
b L
B o a5l @ 6000
0
55 " 3000 ® T -
o
L ]
0 0 B
2 4 6 8 10 2 4 6 8 10
pH pH

5 BEMALTERS pH LIBIRBIKE & DOREGR 6 BNERMLALsE% pH L AR L ORSR
Miillar 92 & 3 & | BRI L 5 F BRIFEHOERIT I A A 7— FEUE (Maillard reactions) & FHIHL,
BIHERT IV BPRIELTA T /A K (Melanoids) BARLT 22 LICED, A7 /A FIFBEOERS
BARY~—ETHY , BEMOE)DBEEA L, 100C K VIERORENSERIMEE D, ZOFAMD
DAERGIBGEOEFTO—o L e SN TE A FHRUIZ LY | pH BRME T OBBLE TIIA A 7— FK

ISR END Z LAVRB I & B s,

R 3ITiE, O L SRR AR LT L S OB EARNEGHEL L L O ThD, ZORTIIR(E
RIBOEMEREICONTIE, SHEERLE-PCRLEVEBESRGA AL LTHD, BEDLZA, EED
I IBRGIEITO0E 2 OO, A Y UEERTNIERKENB L. BIREKENE L HESH. F
BOEEVVHIiLL D & D TRV BT+ R +BROHAD, BHEORFEFERTE S, BEHIT—7
A ADR LRV BB THE L BEL TS, UL, ZRAOBL, BUERIGRIIT ¥
RS U THBHEOME Y AV SLERSH Y 2, U RiERO LESTRSND, £, AEICOD
T, —BKEEECSEN T, LobERMR2EFTHLT20, EBMICTHE LICKVWERETH S, &
HKix, 2 A PRLCA £ TEDITUERLE LA, ZhDHOERIRINI OV TUISROBEL LW,

#3 B SEARVOEONEE LD

AH B atiray A ik

E R YA + +

BAONEE 4 FRSR ++ +
BAUEABETTADY + ++ —
BT+ s Bl ++ + ++
BOLTE R kSR + ++

B I + ++

4. £k

BTN, TARIBROBRIER I SEA T 2 BB RO R 2 BT 5 Z L 2 BRY L L, B
DIREIT 170°C, FfliZ 1 FIICEE L5 2T BEH & L OB, BmkBIl LU Y 28 L,
MSROBEDH, TAHY (KT Y v L) LB GEED) 2B Lz, ERIL. 20 BRIOAS 7 AEERIC
LBEHATITV A F AR, TBIRAMER, BkR X U AOBLE HRATHE LT,

(1) A F U RAERIBUC I AR 2 L ZITR LBV VENB L. IR ERI I R E

& ERLE,
(2) THUEBUIKMET, BVOEE+BER+ T AN Y OFRTE L BEL LD L, BE -+ RO
TRELIMELE, AEITE ORISR THEME L V&L 20, HICBYE+EEE+ TV
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AVICRBOTEI Lz, LaL, BB+ 8RB0 R CIIAEARBHED ML ¥ T
B0, pHBMH T TIZAA 7— RUSOMBI SN D Z LR Eniz,

(3) AEMRET LB Koo P T3, BNAE+ MR+ M0 BB E A OR R AR B IR TE 54K
ThodLBbh,

ke
UK BT 57 KA 2302 & & LWEREREET 7 / 0 V—3 B —RICFR L ETE T,
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