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Te BT A T AN | K BRI . BT AR RRAE, % AR e 15 Ye /K b 3 7 i
H25 32 80 ¢, W0 RM, PRbbet: . 8 XU R | &R 4 T2 400 B W m i e TR R,
SR TAREE | k7= A P A 0T AR A AR A T AR R AR, 5K )T T B B B A R
M. B R K Y B AR, AR AR A Ok T B BRI, I, R AR A TG K
AR TTE UR AU K B S RE B AT TAE, ik imRAEY T T 28 AR S, ATt A vt
WS K BCEAG BT, RIEK 5 L BRAE AL T XA ) T e R 7 LR 4%

AHIFSE LA v i 6 3t X 5 K AR BT K 75 U8 Sk w2 AT AR B AR AR B, fe Al T T A A Y
RUT 2 40F, RAEMEIR S KR . REAR L . A WL b S AR 0 58 35 A5 LA T 95 8 100 2F 72 19 4
PE, XI5 T A W 0 s SR AT T IR AT, RGE SR T o s KT TS e b BEAL B B R AL
FIH AL 5 AR 8
1 MB5ERF*®
1.1 5RKIE

MEE WAL X 3 AN {5 KR FRT (WL, W2, W3) SR Uitk s Je b e &0 508, H w2 is
JK AL BT AR G i BN T Ak 2R 25 5 R A A AL S PAC LUSRAEBRMESCR . UMb AN Ay s e i E
VNN R DY I B PAM, 22 )5 2R F Al SR BB AL EEA T IR 7K AR 3L, e K 5 T B K Sl ol 80% Ze Ay,
K RY R VS 5 R EARY T TS B 1 '51.6%~552%, W1 45 3 2575 e SR ik 5 bn dn 2 1
Fi7m

R1 LWATA 3 XTROILIERR
Table 1 Typical physico-chemical index of three types of sludge in the batch experiment

bR =S TIKF %o NSI% THEKI% pH F/(gke™) THIERAS
W1 K58 81.1 10.4 216 715 69.8 TS e
W2J K5 e 82.3 9.4 189 77 78.3 BrETS e
W3 Bk 5 831 8.8 153 87 68.3 WRIBTS g (MEAF120 d)

1.2 EYMFHRE

BRAY TR EWME 1 in, X RNEEK 35em, 828 cm. & 45 cm, JAKSNEE 617
3 em JEORIE AR DO R, 28 BRI E I 1 om A FRAE A RIEE . RICE THRE 2
it N 16~17 kg, &

(a) TR E R R (b) s syl
E1 BRAKEEEMTHRE

Fig. 1 Biodrying device of dewatered excess sludge
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D) W46 2 K 3 5 380 K7 2065 U8 T AR oK o K BRsz e . R W 5 K b3R8 KI5 98 (%
K 81.1%) 5 A #AT5 U6 T 40 J5 B9 B WG 7= ) (& K R 2 12%) ¥ 5118 A F04 B 7K R A5 51 2 70%
65%. 60% 1 55%, HH&IRG RN 8% N AALAESE/E MR, Fi L 2GR TR E
L R SRS R G . A B KI5 U 5 15 U8 T A S B A 2 2 N L4 R G TR A R b
KA, X AR ISR ) RO S AT A R 2R, ER R IR S KR AT, R R
[F1] B B 3 45 a7 A X A RS TR R . TR A E 2 E 4L A AaE KOy X, TS R T AL E R ok 4y
Fbk . HERR A AL SRR AR AR A O o TRDBGE XURAE B, SR KBRS A 12 h i g S Ik 12 h
B B AR o . &5 A b 30 o A 5 5 XU DL RS VR AL T TS 86, SR F RSB L TR
w2 HAARER T, EIERARE R 35 L-(h-kg) ', T IH A5 A 60 L-(h-kg) '

2) 15 P L N T AL TR KoK o 2 BRI . BUWL, W2 35 7K B3 B B K 75 U8 LA K W3 J5 KT
WK 5 Je HEAE 120 d J5 0935 P AR AR JF e X e 52 8%, R 5 U85 1 U T Ak A I 7= 4 4% 11:3 L ilie
G, ZIRWHINE G R 8% LA e AR, 25 WIAG & /K8 65%+3% MR AL IR, 430 %
HE RI~R3TGIRTACRE . FAE, 4 W5 K] R KI5 S W3 15K K5 R HEAF 120 d
MIRA R BETS 4% 1 LIRG, PR A T 28 M0 W) v S n v 6 T AR Bt G = 4y Je e A= 7, il 2% i 15 e
RARREIE R Y T2 E . RI~RA T 1h2E B YR R R S+ T AR 4L A s 157
X, WIoGE KRR, AR 23510 350 60 L:(h'kg) '

1.4 AT

TALAL PESERE o, RO R L v B 3 VR B R ke PN HE AR B G BRI R . B PR 24 h R 4R
AR B RAEA, IRABAIEMEYARIKS . VS, TS, pH. %864 & 1 5 5 2 (SCFAs) %45
bro 2B A0 S5 WAk 24 o A R RS D57 ) (CI/T 96-2013) M2 52 75 e R 7R Fh A5 WL o B 4 85
G Te tEAR KT, TR IR IR AL # ) 2 J5 R ICP Y (Iris-Advangtage1000, 5% [E) | % & 4>
JEREE . SIS KA BT {5 e b B ARSI VE ) (GB/T 23486-2009) M4 ) %2 75 ¢ T
=Wy A1 & 2EHE 5 G, HEE R Al (1) B .

B, xB,
K A MRS PR T 0 R ZER . A, WHEIER R R M TR, mm; B, A%
BEFRBPF TR EZFER; B AEE T RGEFRNAFHFEEREK, mm.

Fie 110005 R i5 AR AR T I B 288K, FIHKBHIRIRZ IFIR A 1h, F 12000 g %4
B0 A S min, TS IR 2 0.45 pm D8 BT 08 b SOF SO BRI T e 2Lk, #e iR (K 5 K
W A3 B 5 ) VI pH . Rl PERERR £E 45 ML bR ; R TOC X (CD-800S, AN g R 2
Al M AAATEAY (GC 9790 Plus, W VLAR 3L A #R 23 |]) 43 51 I i 1 A3 Bl (DOC) 5 SCFAs!"™,
W72 1 O3 . TN TR 5 SCFAs 4170 HH B 1438 COD 24 4 i 5 4348

1 0.8 g IGIRFEARE T 2mL B0, MIA 3 uL B SYTO 9 %864 R Y ek A Ak 75 g 26 i A 1R
W, FIMABREZWRIR L, T4 C &M FREY A 15 mine AL A e 6 5 AR 5
W E TR VR A HL (Cyrotome E, 32 [E FEER AR #H47-20 C B R B, FREAE S 2 2 UREE, LA
20 pm FY SR BE XTSRS AT U0 A, R0 R AR B TR0 SR R AR WU (TCSSP2, fEEfR R A H])
PR L, 20 A5 90 55 O ER TG B ABE A (09 R A7 43 A VY, i B Image-Pro Plus 6.0 3K {4 #E 17 A% (1) JE
BESEH .

cl x 100% (1)
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2 #BR512
2.1 WREKESERNAREZTFLARRZKTER

FIH W1 T5 KA1 IR IS 08 (7% 7K 3 81.1%) S i3 U6 T4k J5 i Bt i 7= 1) (557K 3824.12%) ¥
SIRA IR & KR53 5 2 70.8% . 65.4% . 60.3% . 55.6%. 1 2(a) AT, S P8R I B 4
KH B EZERE 12~15 C, HHEARE B 7E 24~36 h BT A TR 28 &R E, Z 5 FA
HILJT [0 4 40 50T AR T S B I 32 9% o W00 B /K %k 70.8% B, ¥5 e iR A R e I AN T 32.1 °C
TACAL 120 h ), HLE KRN YERETE 64.7% B8 Ko RIS &K ZR 65.4% 1), & R B #THR
KH) 592 °C, HIREEEAEREAE 45 °C UL L s iR e AR 38 hy AR ER 1200 5, HEMREOKRT
K 2 48.3% (K 2(b)) , S KREEML 17.1%, K LR BT HAL TR R . 15RAY ekt
FERE, KBRS FEOER NI T 808, 52w U 1 BELAS A A AR & A AT
T AR KARES , A M DA se 40 IR TS U8 T s e A LT, A AR e R 32 2 . 255 40 AT
HEARIREE . K284k, IR-GPRIRIIG 5K 3 65% 2247 A B T 5 e 4 T A ab 21

AW ST HE— 2 5T ISR S TR AL TR R R S R AR AN R 3E KU Ok T A R
IR 5K BRI o R AL 2(c) BT 2(d) PR, %2R R sl XU S5 1 T M A 1 3R S AR R
AR, R R R L OO [ Bl R ERORE 2 2 A2 A R MR B R IR T 3K 63.2 °C, 45 C LA B
o W RF LA R AR T 32 h, BRIk 45 hy ISR YRRS KO F iR ] g <+ T fi] K

6or ——70.8% ——65.4% By
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Fig. 2 Effects of initial water content and ventilation patterns on the process of sludge bio-drying
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b R i B A KU =, TR EE 120 h )5, SKCR NIRRT Y 65.4% TR 2 48.4% (K] 2(d)) , /K
Sy R B e T AGE TR SR R % S R T S KU, A T K VR B A
TALR BT, HSKELE 120 h J5 L N2 49.7%; SR AT TR R HUR R, kR
i HABIAF 49.3 °C, H 45 °C UL B IR RRSL ) A 16 h, ASF TS5 U8 o SRR e A
22 SRS FET MR

AHUEY Y A — B2 D THE . SRR 3 A ALY B Wb KR | HERTR
JEE T v i S B ) R A R A L AR ) TR SOCR M E R AR . I 3() s, IR AR A Tk
AhPE 120 h J5, R1UAKRZ AR IRV 64.3% FFEZE 48.3%, /KR 16.0%; K& H LR
EARET 14 C, HRMEBEABRMKE 7 C, RN AT H TR ZE 59.2 C, SRR B 4855 45
C VLA m R Gk 25 h(IE 3(b)). ML, R2 5 R3I KR MR EHKT 36 ¢, HR&K
AT ALAL B 120 h J5 439020 65.1% . 61.9%, T FEAE 738 1.0% . 0.6%. fRIA R, 4%/ PAC 52
PR AL B 4 JBE A TS U8 (W2 357K ) A KB K 15 8 (W3 T5 7K ) B A st [ HE A7 X5 R R 35 e A 9+
AL EE AT PR A PR A8 i R B O 38 78.3 gk IR AR M s HEDY S R R b 3RS
b b 5y W S A HL T 5 o B0 2R T I B AR TC IR AT, JC IR AR (K S DAL P S B A3
Wi, RAKZRIZSHAT, W1 i5K) kIS W3 157K ) HE77 120 d IR 5 V3% 1: 1184, Tkt

70 60
—-— Rl - R2 - R3 -+ R4 —o—RI1 —o—R2
50 —o—R3 —v—R4
65, —o— BRI
S , 40 F
& 60t &
® = 30t
&1 ss | ¥ &4
Eoy @ ¥
= 20}
50
10 |
45 CL 1
0 24 48 72 96 120 0 24 48 72 96 120
A [)/h B i) /h
(a) PkHEKR (b) eIk
951 —— R1 - R2 —— R3 0.54
—— R1 -0— R2 -0—R3
20 P~ A y//ﬁ 0.52
8.5
0.50
= &
= 8.0 E
7048 F
75 F -
0.46
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6.5 Cu ! ! ! ! J 044 -l 1 1 1 ! J
0 24 48 72 96 120 0 24 48 72 96 120
B /b A ] /h
(c) T ¥ i WipH (d) T #VS/TS

B3 SRESEYFHHROZMm
Fig. 3 Effects of sludge composition on biological drying
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B A ITHEE S 50.8 C, miRMERLERT A 12.5h; TALALBE 120 h 5, KRR SRR TR
56.3%. TIUL, TEleAEY TALALBEEY , 4ERREm A ML B WiAE TS, A LA EAR
W PSR AN S, R T 7 A0 IR BE T ARk s e B

DL RI~R3 AR RN X 42, AN [0 0 35 DR R AR 55 28 08 K 4% 1:10 e BR & JF k47 i 42 4b
B, RIKZES, Hyith pH N 7.7, HAETALAL T 48 h i T2 9.0 (I8 3(c)) , 3% 55 1% k4t M {4 it 2
FLE S BOR R PR TR R E K . ARV B, TR, RUKR pH S
e F5TE 8.7 BYBRIE S F . R3IIBA YR AR W pH kR 9.0, 1% — % 7 7K M- Boi b P55 X6 A= 9 1) 2
PR 2h SR P A = A AR RS R, N 22 T Ve W HEAE T B0 ) B A HL BT BT o g A w0, M AR
FEXE LA H TR, KA EBRBRW AR .. 54, ROIBAYREE B pH AWIIR ) 7.9 B4
FEAREE 7.0, ZIK R S K RS FEAENCR 0.6%, [ i 1R A 0 RHR ot e B2 4 v AR 5 A+
otk R K5y KBk o

AW H, RIBAYEE) VSITS IR E 48.3%, il R3I AR A HPAVIEDHG AL, +
fEAL PR 120 h J5, RI~R3 MR R TP VS/TS 205l % 2 45.4% . 50.1%. 46.8% (€ 3(d)) , #AIHMA
BLTE i 4 5 1.29, 033, 0.25 kg, i imle Tibad AP R IR | YRk & KR DL I VS/TS 43
Br, M TR b A HLETE Sy E e, A A R O R T TR, MR TR R
il AR A, KA R BRI AR T AR R a2 BRI KR TP A0 TR A Rk AR
VB A O o B, TR W A R A2 B S AOEE LD IR O e R A, K K BR
R B AR A
23 BILRRESHEDESE

D) AT B, SRR AW R R W g A LR DOC LA M 48 55 45 & 1 g I
SCFAs 3 i B AE 4+ fb e B2 A LB i AR BaE B ik . TR EERE T, RISR3IBR G WRHGE R
DOC S B B FREFH, 120h /59518 360, 418, 332mg- L', 3 N T 57.2%. 57.0%.
53.5% (€] 4(a)) - R3IFE RIKRRZAM L, HFHIBROCHEFEIEE, #1475 IR AR DOC A4
fi%, X 5% R ARG = R AR T 30 C L KA LR BT 1% X — LR 45 R MG 15
TALAL B, — 7T, HEAR A WL A BEAE T T & A KA I A R KA LIRS 5 — T
1, KNGS F A AU A ORI AR = B, ARV T K o W R o A S A K
INGTFHITAN, RS2t B A W A A R T R A K T T 2 R TSRS T . IR E, T
Lt FE DOC ¥y BRI R, 305 184 LA 40 T fh A3 AT Ak 3 ) F 5 458 5y — B0 1,

AW TR, 5 U PR B AT AR A AR T, R IR s R A W i R A D

1000+ 3000

RI .
R = RI Czmk
soi [CRr2 & 2500+ i
CIR3 . L
~ o0 & TG HR
g £ 2000 2 i
‘ L K
7600 - = | N BT
& o w B
E = 1500}
= K 13
g o E: 1000 | B g
A 4 &S 5 WR
200 = RS
& 500 f
e
0 : ] 0
0 24 48 72 9% 120 0 24 48 72 96 120

i a)/h I a)/h
(a) B P DOCT i i (b) B TSCFAs
B4 SRFHEEFSHES
Fig. 4 Variations of DOC and SCFAs during sludge drying



1576 ok L B ¥ W 175

BEsR U, HE S BOR KR ] E A AU R B R, 2 W R EUR DL R R A R
S, HER AR S A BT BB SCFASs (K 4(b)) » RIKR ISR TR R, 18 A [ I
W4 BN . B THRXREHIBNRA S . RRIKRIES YR W UG VS/TS B SR W ek F] 52.2%,
A 120 h 5B LY 2 BR B IEANEE I B, %K R SCFAs 2B EEH KT RUKR . W5k Y+
LA FAR R, IREWENR B P EE B SCFAs, MU H=AEMHE, 12284 0k
FRAHA S 52 0 . SCFAs 21 43 K G o it Wk 3 7% A6 BB AR 4 S w1 kA B2 v A AL B A 1, 5
ek THR . Ko LBREANAERTIKER

2) A . LA RLIRR BRI R, RAZEIOLIRICE & CLSM W 15 e T b it F2 A [
T3 W B3 PR RSB B o AR 0L (B 5) o 15 e B TR R SR shish, R4 2R T g AR TR 1) 7€ S5k i
SRR 90.5, 255(£2). Y RIMKRLE3Th HHTHEE R IR 59.2 °C I, /4% Ureibacillus, Sphinggobac-
terium, Pseudoxanthomonas #& $A TR (I A 2R 51) HH Tl A= 9 b A = 0 3k i) bl % o ml A P 5 e
(HH S P IRME Y AT . W HOE B N LR, IR B TR S B8 A 2 R A T R
R, WEPNIE TR T O LU A 52.5% AW TARCRI, IR R IE BRI, 50T AR R g R
DGR E N E FTFE 542, BN OCHEN 1.54 4%, X EWREEMEYIFEE R EM, 2 F
LA, TEle R T AR bl A AR B 0 AR A, E R TR SRR UAE Y SR A R ER, B
A R AFE I 22 5

(a) WILRHTEL(0 h) (b) FElEHrBL(31 h) (c) ZEWTAEARIBI(120 h)
T AR, LA URIEH ; Bar 75 pm,,
5 EREYTWHIE R A RFRE MR CLSM
Fig. 5 CLSM diagram of live and dead bacteria in R1 system during sludge bio drying process

2.4 FLFEY+#F BE HIEN #2 RIBETFEEEMBEEMEERK
1) AT ME R R 4 K b R e 2 . AR SRE KRBT

SRR R | S5y T 2, Flemsonss s i f s nd
Y E g AR I 1. RISR3AK R, W]

s Mk W R AR B A M B Y 2 B wg W U B b TR
Th. EEETEREE (5 6) , X — AL SR
e T R VR O TR UM oG .
i F A i A S Sk B P R T L O R O
AMLET, FEOR W R AR T R E
o TALEI, HEMRIR B CRCN R, FRak i [R) BRI (75 G0 A 4 2 A T LR A IR R 1
1A SRR B 2 AR N, BB h B R A B R . BT W2 5K #0m PAC LA
sRALERE, SRR WMIHRIRAG R X TR BB R BT RIKR . X RIKRM T,
W3 5K KI5 I8 & @ HEAF 120 d, DR A T R 0l £ JHL A0 ey 7 5 P e 1 6 Joie o YR A X 8
TALALH 120 h J5, RIKRAKD TR 483%, R H T MR EE i WE N 69mg L. 5

MHTOCIRE  TEIER L)%
LTI A N Y I |

WIRBBE (20.5 °C, 0h) 90.5 255 262 738

BRI (59.2 G, 31h) 394 357 525 475
ZERFEE (16 °C, 120 h) 542 351 60.7 393
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BEIFT R, T AR = 4 oh 2 2 A S S U 4y 6or _ mmwn
By 325, 10.6 mgkg ™, BB R 43 ik g sor 1] Eﬁ?
2.7 gkg!'s AL, RIKRAEY T1L=Y)E 3 an mys
TCER R FE, AR R . =l

2) FA YT AR . W RI-R3 S ff =
ZHPI5 R T As. Cr. Cd % 4 I8 i it E
WeRE, N3P, MRIKEKRE, Tk ml{
#yeh Cr. Cu, Zn. Pb. NiJf f #e B 4 3 K TR VA B VTR
306, 198, 888, 52.6. 44.7mg-m’3, BT {4 I [H)/h

FHT5 675 ey 45 il A5 #E ) (GB4284-2018) P B 6 iSRBEENRTUASYR LR ARMS B
A GATHERRE : As. Cd. H g o v BE A3 K Fig. 6 Variations of soluble phosphate in the leachates derived
’ ’ X N from sludge mixture and bio drying products
61.7. 14.6. 3.7 mg'm”, & T GB4284-2018
A G B (ELAR T B bR R . AR Fe MDY DR AEER AR
t tent
R2 5 R3 {5 4 BBV FE 46 T Rk it drving products
Z, A=Y As o 53k 5 36.1. 47.9

sludge drying products mg'm’

7 iV

mg-m~, U AL £ GB4284-2018 B 2% 5 g & B Bifggy As € Cu CdZn Pb Ni Hg
K, FrUAT A=Y OCREAE Pel 3 . MR L A RI 617 306 198 14.6 888 52.6 44.7 3.7
FoAE 1 A AE 4 0 A b A 11 = R2 361 184 132 2.4 521 37.5 386 2.1

3) P F A ZFIRE. Fh T R ZFHEE (G & R R3 479 247 142 2.3 555 22.5 33.4 3.1
A W HE R 0 R W BE R, B R R A R A% 30 500 500 3 1200 300 100 3

B TIT S 0 e L 65 SR VP A g B o JE 7D OB s a0 1 200 s
I, RI~R3 P& 2 00 118 & 9 8L GLAY 31

66.2% . 58.2%. 58.7%, TAL;=WIf) GI1E 24 h 250

A3 PR - T & 215% . 134% ., 148%, It ——RI
i GUA B FHOF R U s sy, 34 o [ DS
Pk & B 2 T AL Y GLAT S K 91.3%. g .l

61.3%. 76.8%. 7 MIHCE X 4T R EY i

AT A B 5 PR R A R D A HLER S 100l

2 Wy 65 00 S 75 M AR 1 T 5 1 S T 4 A =

O3 i B Al NI 2% 1 % 29 iR WA i A= sor

K e e, GUR WA 5w s ATk : T T e o
Je A, HERR S R A B R A A B0 Bffil/h

SRR, VR R R P, SRR T AR A E7 SRFUAINMFRFRIER
Ky ’fJE WY E SRS R GILAENT T Ig% , Fig. 7 Variations of GI for sludge drying products

B TREAY TR WIRIR A PR, RS RUKR, T5AEY Tk B MR
e RS A L KRB R RS ERIE, HERZKTY G B & T (s KA EE) 5 T
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The treatment of biological drying for dewatered excess sludge and the
potential of land utilization for the products

JIN Yi', CHEN Yue', LIU Shugen"’, LV Xuebin®, LIU Qingling?, CHEN Guanyi**

1. Faculty of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming 650500,
China; 2. Faculty of Environmental Science and Engineering, Tianjin University, Tianjin 300350, China; 3. Tianjin University of
Commerce, Tianjin 300134, China

*Corresponding author, E-mail:bridgelsg@sina.com

Abstract Biological drying was employed to treat the dewatered excess sludge derived from sewage treatment
plants in Kunming. The effects of sludge biodrying were investigated under typical parameters, the microbial
activity and substrate metabolism were elucidated, and then the potential of land utilization for the drying
products was analyzed. The results showed that when the dewatered sludge from sewage plant was used for
treatment, the optimum moisture content of the mixed materials' was about 65%, the mode of ventilation was
intermittent bottom aeration combined with intermittent top suction, and the stack was self-heated to above 60
°C, the period of thermophilic condition lasted for 30 h. After biodrying treatment for 120 h, the moisture
content was reduced to less than 50%, and the water removal reached 16%. During the biodrying process, the
content of DOC in the mixture presented downward trend, but the SCFAs and its concentration fluctuated
significantly. As the temperature of the bioreactor changed, mesophilic or thermophilic microorganisms varied
correspondingly, and the microbial activities and biochemical metabolism exhibited significantly different. For
the drying products, the contents of soluble phosphorus and other nutrient elements such as nitrogen and
potassium are abundant, the heavy metals Cd, ‘As and Hg can meet the requirements stipulated by class B
biosolids in GB4284-2018, and the other heavy metals such as Cr and Pb meet the standard of class A biosolids,
and the seed germination index Gl is up to 90%. The products after biodrying present the prospect of land
utilization in garden landscaping, mine restoration and other aspects. The results can provide valuable supports
for sludge disposal and land utilization:

Keywords dewatered excess sludge; biological drying; moisture removal; land utilization
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