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Effects of Mild Thermal Pretreatment on Anaerobic Digestibility of Sludge with

Low Organic Content

CHEN Han-long' , YAN Yuan-yuan'”, HE Qun-biao', DAI Xiao-hu', ZHOU Qi

(1. School of Environmental Science and Engineering, Tongji University, Shanghai 200092, China; 2. Research and Service Center for
Environmental Protection Industry, Yancheng 224000, China)

Abstract: The effects of mild pretreatment at temperature of 100°C on the solubilization and anaerobic digestibility of high solid sludge
with low organic content were studied with the variation of heating times. Experimental results show soluble organic concentrations in
supernatant increase with the prolonging of thermal pretreatment time rapidly, and slowly after 30 min. The dissolution rates of COD,
protein and carbohydrate with 30 min of thermal pretreatment at 100°C were 10.5% , 11.6% and 8.2% , respectively. Mild thermal
pretreatment not only enhanced total methane yield, but also advanced the peak time of methane production. The methane production
ratio with 30 min of thermal hydrolysis was 136 mL-g™" (VS) at day 10 of anaerobic digestion, with an 86% increase over the control
group. VS reduction ratio after 30 days anaerobic digestion o also increased to 33.3% with 30 min of thermal pretreatment at 100°C
compared with 19.1% in control group. In addition, studies on enzymatic activity indicated the activities of four key enzymes
(protease, acetokinase, phosphotransacetylase and coenzyme F,,, ) involved in anaerobic digestion were all enhanced by mild thermal
pretreatment.
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Fig. 1 SCOD concentration at different times of thermal pretreatment

A B RO AL G Y 15 U8 2 rh b B A DL
(=B RIS A TS e M A R A i £
B AR R ARG T e Y i A A AL
Yoy R BCR. T 2 3RR 1Y 2 A ] A A 3 ] %o 28
B A K AL & s LB s e . DA mT i B T
P2 BRI K AL G W I S ROR B B R
WAL S SCOD 11 H HLAE AL, BIV7E FROK A il
30 min ¥ HEE,30 min 5 T2, B0, 5
JE B AK AL WIAE AR AT R A Ak SRR 1 e B )
10429.9 mg-L™"F17.9 mg-L™", 2 100°C $ 4k B
30 min J M) 353 384 0 %) 2 980. 4 mg-L~' il 317.3
mg- L1 IHHS JHOGER (R3 LR 28 000 43 51K B 11, 6%
8.2% . FE LIRSS Ry A EEA LU A7 1
%, AT e SR AR 240, USSR G W) IT i
BT, S EUE A BB KA A PR R R
HUR, POK AL BB IR 1 850 T A O ) 2 L Ak
WA LA G YT R R k. SR, BEE FAAL 3L
I IRJ RS AE K (40 > 30 min) , FIRAYHE HEVE T 4R
I, DTS EOA LY 0 H ROCR A BOR BOAR B (2.

158 4 By DNA 3 247 T 40 A N, A Ui,
DNA ()3 0T DL A] 422 i sz e 34 Ak 36135 e 40 it
BERYBE M FERE. 18] 3 s 1YJ2 DNA ¥R 32 Fifi fin A (]
) AE Ak F . IR AT UL $ROK AL BT DNA 3%
PR A 2., LB 25 #0040k B[] () ZE 4 DNA 19 ¥k 3
IR . JCHEFE—FF IR A 20 min 4, DNA 1Y
WeRE MU Tt AR AL BEAS Y 75. 8 mg- L' B4 i F
AL B 20 min B 229. 3 mg- L' #U4E B 30 min 2



632 wooo% B % 34 %
4000 450
(b) Bk A A |
N
3200 360 |- T
T L
&n
% 2400 £ 270 |
£ =
£ %5
5 R
B 1 600 & 10
: -
~
®
800 90 -
0 | I I I I 0 I ! ! I I
0 10 20 30 40 50 60 0 10 20 30 40 50 60
T 1) /min T 1E]/min
B2 AEHAEREEG THEQRMBKLEYIRE
Fig. 2 Soluble protein and carbohydrate concentration at different times of thermal pretreatment
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Fig. 4 Production ratio of methane in BMP experiment

G, HAL 10, 30 F1 60 min 175 U8 76 R A Ak
10 d BFRGTRST= 3R 43000 123, 136 Fl 146 mL-g ™',
H X R 25 B AAL B RS # (73 mL-g™")
I3RS T 68% | 86% Fl1100% .

A, Toie e UK iR id R AR R B VRS %
FEPRAEIE AR R IR B e, I IR A0 i 2. %1
PUKfrAL S, HAERT 10 d P28 ok it 10,
30 150 min 7ERAAEALRT 10 d VRS (LI VS
1) 4125, 136 Fil 146 mL-g ™" 23591 b HEGE SR
(1) 83% ., 84% 1 87% . X} TR 1M 7 , 1= %
FERT 20 RIS K 20 d UG A # T F4&.
WHAE PR AL ET 5. 10, 15 F120 d BTRA %
(BLVSTH) 20 43, 73, 99 #1118 mL-g ™', 533 (5
FVBS R 34% | 57% | 18% Fl 92% . it w]
D, IR AN A PAE PN AT IR A HLBT TS Ye 7= <
SRR R, T LR T AR PR AR A 3 2 o = 4 v g
PERT , T4 % 75 U8 R 452 BA et ).



2 PRI A5 - AR BEOGAEAT LT 15 Y8 PR ARUTH A PE RE A 2 1) 633

ALY R SRR R AR AR (VS) KRR,
FERT5 TR AE R ETH A 7 TR A ALY I B A R,
FEIG IR A AL M RE R — I AR | 5 &
TN R AR A HLTTS P 28R TR FAu A B ) J PR AR TR Ak
30 d 1Y VS FEfFAR. PR 285 Bk 38U 75 e
VS BRI 0 & T AR AR T AR 25 U, IF 5L
i 5 AR AL BT ] 1 A2E 4 177 S5 AN O 384 1) e # f5)
L 7E AL FE 10, 30 F1 50 min RN AL 30 d J5
15 6 VS K& iR 2 40 5k 28.5% ., 33.3% FiI
35. 4% , MiAH[R Z& 0 T AR A BTG JE i VS [ i 5 0
UK 19.1% .

FE Y A HAB IR FE 3, A0 EIG 4461 ko 46 1
T, FATE YR 28 150°C A1 170°C #A 4L BE 30 min J&
HEAT BMP SCE0 Y VS B R 53 5155 5] 48. 1% F
53.4% . R T 1% . 9% T 13% ik
JEV5IRTE 170°C HUK# 30 min i RAETH LAY VS [
fiff 6 WIFTT 45 R 2 W Bl 1 AR TR 32 1 42 /=7, V'S e fi
KA T, 13% W BE M HOK 15 8 VS R R
KEN45% . DIRBEIEE TSI VS BRI & TR
WFFE VS BEffR , R ZERE T . O 55 175
T8 VS/TS A% AUH 39. 4% | J& TALA BT IS V6. 1
TIREE MO RS TR ATE R VS/TS W4
FEH] 53.6% F72. 1% . QA ST By $ Ak 23 4
BOMIRA(100°C) , A 6] T HAh A 58 25 Bir 647 04 1=
TR EE(170°C).
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2.3 PRAUHAL I R i OCHE RS PR AT 5

TEVG P IR ETH AL R v A L EEE L K
fife . BRALAN = HVGE 3 AN B B, T HL X 2e A8 e 32
TR L A ALV PR AT L AR SE  Ad AR
JE ST W SL SR AT T T R AL AR P Y 4 A
K . 25 1 (protease ) . £ R P4 (acetokinase,

AK) | WEFR % £ Tt B ( phosphotransacetylase, PTA)
FGHTE F420. Horp 238 H G5 8 E B R K i e A
Ky LTRVETEGABEFREE LTI 1E £ TR B Bl Fi v
TR 5 F420 S 7 HUGE 181 1 — Bl R A 1Y) i .
2 FIH T IX 4 T OG5 AEAS [R) FROK A Ak BB (1] e
AITEPEAE AR, DA H AT T, 100°C 4 38 AT B Ak 3856 5% 4
Tt Y55 A [ 2 FE A (2 A4 . 9 X T 6 Ty,
Hi ARACFERT 4 0. 09 U-mg ™" i1 3 #IK f# 30 min
A9 0. 18 U-mg ™", BI2s (I 2 5. R 2 H0K i
AbFE 2 S5 A 75 U8 HE A AL BEYS A HE £ 1 LR AT CO,
AL AL CH,.
F2 SREREEL R EREEE U mg !

Table 2 Specific activities of key enzymes involved in anaerobic

digestion of sludge/U-mg !

JnFA [a)
/min

0 0.05+0.01 3.10+0.11 0.15+0.01 0.09 +0.003

10 0.14 £0.01 3.42+0.14 0.28 £0.02 0.12 +0.004

20 0.19+£0.01 3.56+0.11 0.33+0.02 0.15 +0.004

30 0.25+£0.01 3.74+0.10 0.37+£0.02 0.18 +0.004

40 0.28£0.02 4.11+0.15 0.40 +0.03 0.20 +£0.006

50 0.32+£0.02 4.25+0.12 0.43 +£0.03 0.22 +0.006

60 0.35+£0.02 4.33+0.13 0.45+0.03 0.23 +0.006

Protease AK PTA Fuo

3 g

(ARG HLIT TS5 T8 28 100°C 1Y 1 A HK e b 33
Je , H R VEWCR A LYk R R N, HLAE T 30
min N3 AGH 30 min DL JE N FF 2% H
SCOD , & M B kK A6 G PI7E 100°C #4EFE 30 min
I AT R SR A F) 10. 5% | 11. 6% F1 8. 2% .

(2) MR AR A A BEASAL AT DU A LT TS
Ver= R e, 1 ELIA o] DA DR A0 f o
Hh I e DA R T, DT 45 667 T 1 45 R I [R]85 oK
fi#% 30 min 175 e 7E IR ATH AL 10 d B AR <7 %
(LAVS ) M 136.0 mL-g ', FLHCAHE 040 F 25
XTREZHARE S T 86.0% .

(3) £&3 100°C W IR AN HAOK fif b BRIS 17508 VS
R i B 2 AR R 25 00 T B R Ab BT 98, I HLKE
& FRAE SR [R] Y SE G TS WG 4. 22 B4 B 30 min
PRAETH L 30 d JRH9I5 Y8 VS BN 33.3% , i
[ 46 0F T RAL IS IR VS R NN 19. 1% .

(4)100°C 1Y 8 R ERIK A Ab 33T IR 48038 Ak 3t
W 4 FOCHERE (BRI . TR . BEIREE LT
B FAHTEG ¥, ) Y947 AN [RIRR BE B £ 04 .

SEHk
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