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Effect of Short Time Low Temperature Thermal
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Abstract: An investigation was made into the effect of
thermal pretreatment at the temperature between 70~120T
for 20 min on sludge organic matter solubilization, heavy
metal release and anaerobic digestion. Flocs as well as cells
were broken down and the organic matter was released to
liquid phase. Solubilisation of properties such as chemical
oxygen demand, carbohydrate, protein, deoxyribonucleic acid
and ammonia all increased with temperature below 110 C and
experienced a significant jump at the temperature between
90C and 100°C . However, solubilisation of major organic
compounds decreased at 120°C. Cells of microorganism were
broken down at 100C . The concentrations of heavy metals in
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the soluble phase increase with temperature. But no
remarkable increase was observed for heavy metal release.
Volatile solid removal and biogas production were investigated
to evaluate the effect of thermal pretreatment on efficiency of
anaerobic digestion. Both the two indexes reached their peak
at 110°C. Correlation and regression analysis were made
based on the research. The results show that there are
remarkable correlation between pretreatment temperature,
solublisation of the organic matter and behavior of anaerobic
digestion. Then the influence of soluble protein and soluble
carbohydrates on biogas production per VS is illustrated by the
stepwise linear regression equations.
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TR, Hodr, BRI IR 4Rk B R ok B — Ff
BRI RBEHEBEAR, ¥ Z AR T
TARSLRR.

PAEFR AR BRI, R 60~270°C, B
B R IR BN 60~180°C, H R4 RFRAI BT
FHEEDE R HEFTF 130°C A B3 K 7 15 kb 38 7
% Bl ATROKBREER EHEE—HEX,
HA,Kim &2 & Jeong ZHEVEIEBEET 130°C Ak
IKERFR A RIR UK, T 8B T 130°C MUK MRRR N =
EHUK AR, B8 A0 Climent 24 K Appels 2514
100 CHEN R RIRHUK A F I A 5. FIA S BT
REW, BIEHOKEZMH 170°C, 30 min, JhEt, 5
R 2T S8 (TCOD) = B 3\ # K i 31 1
38. 11 %0458 56. 78% , {5¥R#f; TCOD BFA =R
MHBUKARTAY 160 ml #2753 250 ml. Bougrier 57
B T #ARE B 2 1 B2 3 A 15 TR R B H AL A B i
GERFEH, 23 190°C AL HL % 7 A B (COD)
EEREM 52 %R 64%, e AL EY . EA
SRS A B A AR MR T 72 190°CHUK
AT P H B ARARE I 25 %0, SRV , i R AL
BEAE S AR R , WP A SRt T o A, BRI T

SEFRR .

T R RXHROK A B S Rl B SR 5B T
B, BRSNE LB BAHRER S T iERAEE
PUK IR TR E AL FBFSE. Climent 2514 f B
REH, RBHUKFLR—FEFA =K REIYE
fREIEROIT. Appels P H— BB TIREE 70~
OCTEE NEREILYE H RREHLKRNIE
F. B RRIB AR R B AEEER 3 h D B A
Bt 1] DA PR BESUIR , ¥ A AR IR K JAUR o B AR AR A
K, HZ BRESUR 5 R AN L RE R H R AR 5T
AR ICHE R FFAE 70~120°C 48 (20 min) fIRIR 7K
PR RIS T 4RI A K SRR R A R R 5 R E I 1k
PERE AR 1.

1 ORBHBR

1.1 FiRiER

Wtk 5 VBB A g i FH TS 2K A 3 A K B
B> BRI EREINR 1 B, R VS, TS &
) DA 4R R 1P T A A

F1 FRFiRER
Tab.1 Characteristics of sewage sludge

., v o TCOD REWKEE/ Bk ANRR BE R BV
pHE  ak®/% VSETSERI/N LU0y vl CODID/(mge LD (M CODID/ (mg s LD
6.8 82 55.15 135 562 15183 79 846
1.2 #HAKBIRIE Orion868 % pH il i A 52 ; BB . ZDJ4A # H 3f

S3HEER 500 ml 5 R R E T RAMEF , FEARF
BT AT ROK R, SR 6 MRE R, 4
B3 70, 80, 90 ,100, 110 F 120°C, FLErt I H K
20 min, [R]At ARG AT A5 TR s F T R
1.3 &EY{EREEHie

EMERRAELRZECSIESE 3 A KWREA
THALTE TR, B 200 ml R T5 IR IA R 500 ml 4R
H, BFIA 200 ml Bk #7598, [l i B 200 ml #ie
fERAH. EEESBERN, HASKEHEE R
Imin DLBKAEHETE R AR A 2 R R TS AR ol
EHE T KGR ERERGSEDC, B/ 0.5 h
#7% 0.5 h.

1.4 SWFHE

VS 5 TS g : FREEIE ; COD LB R E
FrdE B8 48 R 4 15 I %2 ; Deoxyribonucleic acid; — &
ek s BEEBIUE: TAKWMAS AFEE PerkinElmer
Optima 2100 DV S5 ¥4 & 56500 & ; pH fH :

AL B O s A (NH,—ND . RN ik
e,

B EYHTEERERAL A, T EAY
AT BB . ObnE it 2 22 ). PRI 2k 100
g BN KEAZR 100 ml, il A 150 mg FH
FRYEBT I, 5°C R 77 Wb o FH B B An HE I &
W BB 1/10, 43 BB HEAE W 0,0. 2,0. 4,0. 6,
0.8,1. 0 ml A 25 ml H. %, HExMm 2. 0,1. 8,
1.6,1.4,1.2,1. 0 ml fRFRAECH 75 W HIBRER , 7EVK
KEEHAIA 5 ml BEHAF, #8457, /K8 10 min,
[ B 22 A VKK F8 A0, R 21 S5 7E 625 nm K L
. OFERMNE RERFR EERGEB/NT 1
ml, ¥ E/NF 100 mg) , *MINAEE Bk 75 % FIBR
FRZE 2 ml $#25), vKK W I A B ER R 5 ml, ¥k
“@‘ 10 min, 77"(7‘,(“@":':'?/%%]]’625 nm iﬁ‘[ﬁth@

BE R 2 R 57 B -1 dk s, BARE B
T - OFrAEZR L. B B BAR A BN 25 mg



718 ¥ K% ¥EHRAERBER

HaE

A M VEE AE TREK, €A ZF 100 ml, BARHER
¥ 0,0.2,0.4,0.6,0.8,1. 0 ml F 10 ml iRE, mz&
1BKFNE 1 ml, ARSI H 5 ml, iBA & 10 min,
MMARFZ 0. 5 ml HFEIR-AHE 30 min, 7E 650 nm
Tk E. O SNIE. BUE &5k LBk (R
/ANF 1 ml, BEABBEE/NT 250 mg) , MZEIEKAZ
1 ml, MAREFIF 5 ml, IBE, BE 10 min, iIAH
Z 0.5 ml FREREAHCE 30 min, 7E 650 nm K LA,

2 H£R

2.1 SRPEHNYREH

— Rk, 15 8 I EAR T DL 7E oK R AR
SIS EAUKR 2 SO RY. HhRMAeYEIKRY
BRI, 40 BP9 B DL BB R SR A T v
ff. KRS AR A WK oK AL YK i
BN FRIZHE, £ 208 ER R KB EK.
REER, RERIE—LH KBRS FEIR.K
B BRI, B EAS, KA YA
B RIERIGRE T T w2 R, Bk, 240
B mKASYMEARSERBHNEE. #UK
e R EIY S NS R LAE L

BB 1A%, 7E 70~110°CHuE N, HlRFH L
YA, "I L F R E(SCOD) ., HiFR
WK B Y FNER H B R B VR BE 35 R 3K AR R BE Y
T+ A Wi K, 43 B A #K f# BT RS 4 125, 69,
1109.85% 1 319.57 mg » L' FHHAF 110°CF
f 39 895. 16,3 267, 18 K% 4 116. 89 mg « L7,
SCOD 5§ TCOD H BB BE t & E BRI EY
N F RS BBk S YRR B R &80 3
M1 20%,1. 38% F1 0. 81% £ & 3] 110C F HY

27.59%, 14, 33% #1 7. 81%. [& B}, AT LA Wi 22 3
SCOD, W iKY FE A KRB EE
100°CH 357 T 2 3 78 4. Bougrier 55 I F R R
W, KB Y EEFE TR RS Y+, MEA R
FEAETHRAER. A5 R E B Rk
KAEYHE T BEWEH, X RAEROK RS R S
RAET WA Y8R Ak H B ORn AR B 4 B Rl 3. R
TM7E 100°C AT i5R A LM i AR E 21k,
M7E 100°CHI A TR EHK, RAPMEHARL K
A RIS R R, E T EB} Ry 20 min B, 7E
100°C AR AN AN & A B A 0 28 1A ) B85 R it 1k K 20>
B, T AEME T4 MR RSN R E
YI(EPS) . 28 . 28 H i 6 5 5 45 6 DL B 25 40 i
RERTRAE , AW, T FE 100°C KA T 15 R 40 /Y
WM AE Y B 8 EEREBNY & &
KigsK. 78 120°Co, LEWRA W RTE FrkEAR,
XA RER T 120°C & HMAE LA E B BRIk
AWK FRIREE , B YL A BUK R R —
BRVEER, EE RS —H KBRS FEILR.K
R &E AR, BT FERB YRR 5RN
pH {EBEE #OK 16 BE /9 7 55 T B MR K, 78 120°C
it pH {HA PR KM 6. 26,iX FE Rt TR T
R RS S W FE EEHREN, B EAHE
B IR R A B RN R (VFAD ), R R
BEWENAS SCOD. KA Y ME AR AHL,
I o T A 3 MR B A, RSB B MR B AR 1Y
A AL B 296~829 mg « L1 1 093~1 983
mg e+ L7,
2.2 L& DNA BEH
B DL P H BRI LAE H SCOD., B /K 4L
A WHE A RYY HEREL00CEE T 8.3 Bk
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4000 Bk 7 7
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Fig.1

Soulabilisation of organic matter
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PSR, X AT AE 2 i T7E 100°C R A T 15 JR 40 Y
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Fig.2 Effect of pretreatment temperature on DNA

solubilisation

HE 2 AT AEH, EER DNA REWREFE
30~70°CIL B E AL, FE 80~90CH T REZBH
WK, 7 100°CHE T —MEE BERBKR, Z 57
110~120°CEAfRFEAEE. Appels 0 BT HEN
7E 80°CHN 9O CHE KA T 4 B, (HE R ZER
A3 EIA D] 30 min JF 4B ERKIEF, HFE
Tk 3 B} [R] 2 3. A5 b FAS BRI 24 20 min, 7E
80°C#1 90°C B DNA FEWEA MK, X
EMET Appels 205 (50, R BHESE 1000C &4 T
15 YR 40 H A B AT B P B ALY B RR R
2.3 ESEREY

E WK BB R, 15 T T AL 38 7T DR 47
AR FIRE VYT, MR E R AHE L
PERE. R, AEB VLB H K Fe, EEBWEHE
BAERAEYFEREW WA, BB T ZRHE.
H, A X ESREE T HERYF Zn, Cu,Cr, Cd 1 Ni
FIEH, R EER EERTESBWREN
BERE 3. Bk LE, BELR W MR ARE BE K
FrRmE R, ARES BN EANR. & 70~
OCHFMESBAIELMES Appel H5 HBFFTE
A—3, 5REH L, 3 #oKERHTER LIERES
BEEREARART, BEEREABLELR
HE XEERHTRBLIELBRAETIFRAM
SR EPS o, A 2 48 A PY , B0 100°C 48 i A
HARET R ES BB B Ko™,

2 120CHRAHE, EEW Cd MR BWRERA
RAE, Crif) i B YR BE AR K, Cu, Zn, NifY i B

0.40- B Cu
0.35F M Zn

Ni
030F mcr
025+ B Cd

0.20
0.15F
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=
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Fig.3 Solubilization of heavy metals

WEEHIE KA RBRM 2. 2 5.1, 5 5 X% 3. 0 1,
XETBERAABGRIFSHELBNAEERESA
RS HRSHEIY A H IS LR, X%
A IR A ) K 8, mT RABCOD HRE B Fi5 TR T
b,
2.4 {RBAKEXREHELHYIE

AR HREEE 24 d, IS 24 d BHE LR A
12 3 (BMP) IR IR 45 5 3% 2.

R2 RABRTROEDLEREZRBER
Tab.2 BMP experiment results of thermo-hydrolyzed
sewage sludge

FRREE VSRR EIMM VS SR Vs

BE/C pmiml /% BAEBR/ml PEAEE/m
30(E¥BI) 2522 27 816.5 224.9
70 2 906 30 830. 4 259. 2
80 3 056 33 839.7 272.6
90 3 307 34 881.9 295.0
100 3684 36 927.9 328.6
110 4 027 38 960. 8 359. 2
120 3 745 36 943, 2 334. 0

B3R 2 AJLUF H, 5 RZES S 20 min # 70,80,
90,100,110,120°C# KRG REM LB M@ VS
RSB EE RS JIRAT 1 6%,2.8%,
8.0%,13.6%,17. 7%#1 15. 5%. B R VS =18
SHBMEMEERE FHRAHUKA B E
53 VS Bfg A BT KN FEIY, FHEN
VS JRE MR BEREAR, ST R WS g VS =B R
HRFE.

BT, TGRS RN T ERER B R
I VS FEE SRR, i3 2 Wl A, E ik VS =
BEMFRTE 70~110°C FEHTAL FIR BEH R -5 » 78
120°CF R, #X TRV, 110° CRUK M5 TR 8 2 38m
VS PRSI T T4 59. 67 %,
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B3 K% ¥ wmE R FER

HaE

BRETHOK BB E , F YL B EBRR b
BB RIBE RS, 2858 110°C, 20 min FIFK#E
JE G PRI YRR R B KAE, VS EERRILT
3800, 4 T 21 40%.

2.5 MExXESH
FIH SPSS g it TSR A IYHEH S

PREFHHEREZ B IR R R » [F) B AT [ IS 2047

R 3.

®3 HEXESH

Tab.3 Correlation analysis

biztzD AT SCOD BEREROKILEY  BREEOR VS KR By VS =K,
Pearson ¥4 1 0. 994 * 0.991* 0.861* 0. 877
SCOD B CUD 0 0 0.013 0. 010
N 7 7 7 7 7
Pearson A3 0.994* 1 0.991* 0. 861" 0. 848"
BREBOKLEY BESCMD o 0 0.013 0.016
N 7 7 7 7 7
Pearson A3 0.991* 0.991* 1 0. 884 0.830*
BREEOR SBE D o 0 0. 008 0.021
N 7 7 7 7 7
Pearson A3 0.861* 0. 861 0. 884 * 1 0.835*
VS R SBE D 0.013 0,013 0. 008 0,019
N 7 7 7 7 7
Pearson A3 0. 877 0. 848 0. 830 0. 835* 1
Bfy VS5, SBE D 0. 010 0.016 0.021 0.019
N 7 7 7 7 7

R« ox G RIR B EHIER p<<0. 05 & p<<0. 01

MR TERRY, REHEEEIRSE
R PRI B A . B NSRBI
FHL, FREPKBE LB ENREALTER
B T HOK R K S Y BB A B H 5 R A,
HERZEHR P NN =ZEZEBEEZ TR ERXR.
XTI VS 7R SR BURIE #1E2E A BABRK
B YHATZ &M EIE a4, WA D, H FEX
T F i FUE, 7T UA R A2

G = 229.284 —3.591C+22.423P (D)
A .G AL VS =HEHEA, ml; C, P 25l
A RO E DA R A RR RS .
3 W #

HET, ENSPELF — S 5T iRE T HOK @M
Kb TS Je R AT LRI R0 , HATFE 45 RN 4.

F4 PokBHABEHE—K
Tab.4 Overview of some thermal-pretreatment studies
WRE oSk oo B

Kim 2[7] 121°C,30 min VS ZBRERER 30%

Valo 20141 170°C,15 min PERABRER 2%
Ferrer %0151 70°C,9~72 h 70C,9 h =HESEFRES 30%
Climent %5[4] 70~134°C,90 min~9 h 70°C,9 h =HEEARIES 50%
Bougrier (7] 135~190°C 190 CrAESHBFES 25%

Jeong %031 120°C, 30 min PERSATRIER 25%

Nges I Liu[1¢] 24,50,70°C,48 h 50°CHHEAHRER 11X

Appels %05] 70,80,90°C , 15~60 min 90°C,60 min P=ESAERER 20%

Perez-Elvira %071 170°C,30 min PEESEFER 50%
TIpFEEDE] 110,140,170,200°C , 30 min 170°C , 30 min FEIESARFHEI 79. 2% ~99. 6%

B3R 4 AT A0, A R AT 3R T A T At 3R BE I
i[RI A —Z, Bk 3R BEAE 25~ 200°C i Bl A8 4k,
Tk P EIZE 16 min~72 h S BB, — R LR
BERRAR T BUAL A (RIS , 7F 100°C AT Tk 3 A
B — M T B/ Bt J7 AT A 3] 100°C A 4n 120°C Hisk
78 30 min FBUR, I 100~170°C=S KR E #&FH,

{E R AT A B B3 K. A SR, 15 A L
H RS ERTE 100C KA REK, ZJF7E 110°C18
BIBAME X 53K 4 Appels F Climent M)
DrE R A — B H BB A, BT 110°CH VS
R 5 100°CH EAURT 5%, 100°C fy 5 DL 4%
PEEE RN, 7EH T BV A] BEAT , FESCPR TR B A
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Hete R 100°CHE A B EERUK R .
4 £Eig

(D) fRIRE B HIKEHE IR KA YL H 1R
T B3R, SCOD. Bk /K AL & W AR [ A7 H B
BREAR—F, BI7E 70~110°CHEFE FaE HoK AR BE Y
FE AW K, 78 120°CFE B FRE, 76 110°C B A Hl
YR Ys R BB A AE. R, 78 100°C & FrB Bl
M EMNE T B EHK, SRR R
BT 100°C V5 Yo 40 MO 34, B P9 7 ALY B Br 3K
120°CHA DI BE RS, W] BE 2 B AR T3
BN TR

(2) (RBHUKBIET T 15 TR R A AL B 7= H
RANEWYFEMAER, X 2 THERSTE 110°CHA B &
KB, H LR AR5 R A A R T T 17. 7 %00 31. 0%.

(3 BB BB R EH R
5WAMBER SENHEXE, MEmEmMm VS 7=
BEBRBRSHRAKLEYEBEARNEHRERTH
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