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R, A IS S RS YR A A AT DL A 1 7 EA R 2R A5 91

PILHEIRG pH (EE BT E )5 T A Fa
(1 2(c)), T1 4151 T2 2RI HIFESS 6 AL 3 K
KB, A 8.06 F1 7.91, PHLHMEMAIIHRA pH 1
HEAE B 25 5(P>0.05). T1 41 T2 W IR H
SR 035 mS-em' Al 0.29 mS-em !, H T4
Pk S e b al R R, T1 4 3465 6
KT B, N 0.73mS-em |, T2 4HH SRS 3
KT B, K 0.64mS-em (& 2(d)), PidIHEMALY
HL SN F 4.0mS-em™!, B Bl b
XA R EAE .
22 ZHEFRSM

15U ) DOM F 2 IEHEFRFEYI T . HIE IR
FEYII | 5575 85 FURE TR LA 2R B e e s 4l
B, 3 I A B T1 4180 T2 4LEAkTS
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REFFEEALRYT ACERAR) . XII(AE<250
nm, 330 nm</g, <380 nm){{ 5 HFEARY R BES
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A 3 A, EES 0 K T1 41 T2 4RSI A
3 K B ARG, T1 2 HEAR TR A 7 T X,
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B i TIXIHIV, Ex/Em H 285/343, B¢ GIEHREE Hy
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9EHRE R T T1 ZEAR PO EIESR L, BEITH
RIRKRER  OARRISE A REw Y5 &
PO T1 ZHEARZS, SN AT RERE AR AT o-TE R I
MSERIMERTR, B A B A, A A5 Bk
W, SECXLE TG 3 K T AR X
VA A B AP, T T2 4R P
AR A 7 PR T TR S T A R
. 5515 K T2 HMEAR O CIEsR AR T T1 41
HERA, SRR RS A o-TE R A7 L E
FHIRIAL Bt — LA,

LR LRI, BEH I EAHERS, 7 A EAEYR
FOal L A Ty Y 2 AL i, TR AR AL
Yra . 5 T1 4, BmE Sk 75 & E
PR AL VR R P B R, &
B SR AL S IR .

2.3 AMRE AL T

TEA )T i A mb ol A e i AN W A A AL

Pyt . A HUSRE AR R 5 R,

16 0001

i [ migias 164
15 500( I T2
I —a— TIHAMLR
15 000 —e—TofrLE 162
3
14 5001

14 000
13 500

/(K kg™

13 000
12 500

12 000

s ) /d
5 T1 A T2 AHREHENEGIRS SR ERZTK
M5 AT 0L, T1 200 T2 LRt A PR &

H9N 60.44%F)1 63.86%. 1F 0~3d, AU &
Ffdnctlt, T1 2MTFIRIY 60.44% B35 FRERIE 3
K1) 56.72%(P<0.05), FEfEEA 6.15%; T2 HMFF
TR 63.86% .3 TREEIEE 3 K11 60.35%(P<0.05),
FEFER R 5.50%. D DR AT e i S A il A= W
PRI, KT et . AR S5 5 Kefda L)
Bl R A AERE SR P A B 0 A s B, A AL
SR R BEE LY TIRe i T, Hefkrhar
L3 | LT YR SRR A LT GR AR, T1 41
T2 A LR R R RN %, HEBT V.
TR EE R G 15 K), TR AL & &
H 54.67%, T2 HHERPAHLT & 5H 56.85%.
AT R, T1 HAAEVURRE RN 9.55%,
T2 HA VLRGSR N 10.98%, 8 E FEAL(P<
0.05), T2 ZHA ML E T T1 240, il
BRI . JEREEO TR IO T AR 8 1 5 55 ) %
FAT AL ) R ife, [R)ERH S DT I P A2 ZE IR T 240
SERY, AE BN P R 25 A K 7 Tl 31— 52 A 1R
R, BRFER=HK, 825 T A TR R
ARSI BE A LT B e At B 2 IR AT (P<0.05),
AT LR, AHR AR

T1 270 T2 HHEAIE 530 1R AT 14 097.67
kJ-kg ' Fl 14 587.00 kJ-kg ' FFERIER 15 K1) 13 434.67
kI'kg ' 1 13767.33kI'kg ", 4> BIFEAR T 4.70%F
5.62%. T4 PAE IFE TR A = (0~3 d) R %
e, T1 411K 0.69%, T2 4 [4A% 2.03%. T K AT fig
2 T2 2 HE AR FiT 0TI A ) R A LT 1 e v,
FEAE )T AR B o A HILJ B B B R A, R L
AR 2.
2.4 KBEERGHT
2.4.1 KB HEACHAE

15U YA ML R R b P A T R T
3 S W RS A LA P A R, —R B
TR B S, 57—, XA R T
W TR RIS, T1 4 T2 A Tk
FRI R R B Y BN 342.46 kT-kg ™ F 439.54
kI-kg '(2), AT ILRTIAGCAE YIS ShIEE, 7= A B4R
WL, RN, SRR R R RIR T
R, (0 TRERIFRL R, HIERR R T1
A T2 AL 3E R BT = AR Y BRI h
546.37kI kg Fl1753.39kI-kg . BEE AW TALRHE
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1, T1 200 T2 LRI T R THE B BE, K
PRI D, S 156.87kIkg ! AT 234.22
Kkg ' BEE R BRI ST SR, W49
TRE P IR 51.27 k) kg ' Fl 93.63 kI kg .
AHECT T1 413, T2 LLHE R0 B vk 26 1
a-TERYBEIIER T 2R R L SERY ARG A LA A
fift, MR T HERA WL AR ffdi . X v RS2
T2 YERAY & B #0m F T1 4IERIG A, s
R4 I RERS AR5 VR O R K RE S . P b 2R,
FEA AR P I AR A B RE AR = Al A,
HE— AR LSS K I BEOR A K 28 &1, T
B TFREISR TSR,

R2 EYTHHLESAERENTNL  kIke'
- R
T14 T2 4
ey 342.46+48.85 439.54+70.73
RN 546.37+68.91 753.39+8.44
TR 156.87+28.52 234.22+48.68
—IRFEIR 51.27+£39.21 93.63+65.44

242 KB HSALFED

i AR T 72 vh A LT R A A AR AR IR P
ML, AEBBAAYURE SRR AR E S, A
) B T e R AR BCR 25 5, B DAAE oy i
J5 e fiff 2 7 2 A v i 2 SRR IR PR R . AR
YA 15d N, BT T A I L o
GG, F IR S, (B
IR/ X T TR R AT LU ) F5 5
PR BB TR (Asymptotic]l BEARNHEATAELL MG, 45
AN 6(a)fiR.

HALE AR A, BE A TniE T, 15l
A=Ak H Bl R T R 7 A AR B ks T
FaE. T1 41H T2 L HMER K 1 I 2s il A BT B e
P4 G, SRR A0

y, =1243.81521-19361.30684 x 0.60055"

v, =2319.78258-4232.5163x0.85774",

WAL R 4331 0.943 F1 0.928, % HH JE [ [ i
R L T 7 R AL A R B A e, AR A
PUA T LA R A YT 72 o ML R A 5
PRIV SR

H Shi ZEUSIH H B0 I VA i 7= sk R R A

LU 30755 Y A 4 T A S T R A PR 2R R R, XS
VR Rt T AR LG, I 5 LR as ik 1y
X EE.

B 6(b) R T4kl R o R i = A = i LA
gL T1 41R1 T2 HAHLA A R 3R:

¥y =15.65943x 72.81566[ (~¢ / 72.81566)-

e(ft/72.81566) + (1 _ e(*t/72.81566))j| ,

7, =20.50642x 78.03762[ (~ / 78.03762)-

e(4/78.03762) + (1 _ e(*t/78.03762))j| .
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KB A AR

T1 4UR1 T2 ZLAHLE R R 43500 0.987 Fi
0.986, fIERHCRESF, SCE S HEHGE, Wt
210 /8 AT DAL b 00 28 A = A4k BT i) ) 28
feast. i 6 AI%, T1 ZHA1 T2 ZH R i o
fr BT K e AR R, PRI 2 4.76
(kIkg " )h ™ 1 6.10 (kIkg ")h', FATRIA P B
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Sehn, RR =GR E 3,79 (kg )b
523 (kg yh', BEEEY TG T, g
JnfE b, PG R AT A TR . R FUE Y
AT DA R T GRS L B e, AR Tk
R RE AL il S LR A A

Zr b, PRV ILA LR S AT, ESE
BRI F A, Asymptoticl A5 AT LR A7 ML
R e 5 7 I ) A B A, A i ™ A 2% o 4
e FR A AR & e ™ BBt s (1] ¥ Bl AR A

3 &g

R R, 122 A RE T HER I 5K
K 62.90% FEZE 48.05%, AHLEFEE 10.98%,
E T 5.62%, BREE G 1520.78 kI kg .
W SO ST R, AL HE R Oy A R
1 25 S AT P SR P R P s A, R A
BRI G BA . ARSI B I SNIR A A T
REA SR HEA USSR, Bem &R A0, 87t
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[E LA T R E] 0.9 LAE. it 5 AWkl
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Effect of multi-enzyme on organic matter degradation and heat production in
sewage sludge biodrying
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Abstract: Enzymes play an important role in the catalytic degradation of organic matter during sewage sludge
biodrying. To improve the efficiency of biodrying by exogenous enzymes, this experiment investigated the effect
of adding compound enzymes on the degradation of organic matter and heat production of sewage sludge
biodrying. The biodrying experiment was carried out with dewatered sludge and kitchen waste as raw materials,
sawdust and inorganic amendment as auxiliary materials. There was a control group (T1) and experimental
group (T2). The experimental group added the compound enzyme composed of neutral protease, a-amylase and
lysozyme mixed in proportion. The basic indexes of the pile and the relationship between organic matter
degradation and heat production in the biodrying process were analyzed. The dynamic law of heat production in
fermentation at different stages was explored and numerically simulated to provide theoretical parameters for the
intelligent control of biodrying. The results showed that the water removal rate of group T1 was 16.70%, the
organic matter degradation rate was 9.55%, and the total heat production was 1 096.97 kJ-kg . In group T2, the
water removal rate was 23.61%, the organic matter degradation rate was 10.98%, and the total heat production
was 1 520.78 kJ-kg '. Three-dimensional fluorescence spectrum analysis showed that the aromatic protein-like
compounds and soluble microbial byproduct-like substances in the two groups were effectively degraded, and
the humic acid-like compounds were obviously synthesized. Therefore, the addition of compound enzymes can
effectively promote the degradation of organic matter and improve heat production, which is conducive to
further improving the efficiency of sewage sludge drying.

Key words: sewage sludge; biodrying; heat production; heating value; organic matter
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