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Shurry-ability of municipal sludge conditioned by semi-coke and
rheological property of coal-sludge water slurry

DAl Caisheng,ZHANG Zhonghuan , MA Songjiang
( School of Chemistry and Chemical Engineering , Hunan University of Science and Technology , Xiangtan 411201, China)

Abstract: The slurry-ability of municipal sludge conditioned by semi-coke and the mixtures from conditioned sludge
and coal were investigated using slurry performance experiment. The results indicate that the ratio of semi-coke could
be viewed as a key factor for the slurry-ability of conditioned sludge. And the slurry-ability of conditioned sludge was
improved with the increase of semi-coke ratio. When the ratio of semi-coke was greater than 80% ,the slurry concentra-
tion of conditioned sludge was still merely 33. 88% , which suggests the quality of the slurry is not satisfactory. The
weight fraction of conditioned sludge had a significant impact on the slurry-ability of blended conditioned sludge/ coal
feedstock. The correlation between the weight fraction of conditioned sludge (%) and slurry concentration (¢) could
be quantitatively described by the linear function as follows:p =68.835 1-1.201 1x, R*=0.953 6. The increase in
the weight fraction of conditioned sludge would undermine the slurry-ability of the conditioned sludge/coal feedstock.
The coal-sludge water slurry exhibited a pseudo-plastic behavior with shear thinning property. The research results a-
bove are important for preparing sludge coal slurry with a high energy efficiency and converting sludge into a source of
energy.
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FEE R WE ISR B AR, 15 TR 7k
LR T & 4F: © R EFFURT 15 M HE X
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A LA R SRR B T 45 R AR A 3R A 7 1 A0 4
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T T4, vl A E H AR s 2 R R B T 15 e 5 4%
RA Bl &5 KR, AALBHT T i3 Ve KSR /il & 77
B RKRRRR T ISR 9 A 7= A, i 8k 5 T el 95
TTHRBTH R TS5 3, A5 TS i M AL iR 44t
THlRE. T L&KM, EHEHGT T HERBTS
Te R R A e R HLT5 TR K MO TR et B ST 15
Wl 1T RBR BB 7 16, LTS5 M3k 5= kAL,
HETTSEBLIE PR A9 R R0 v RETRAL R
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1.1 ZIEH

158 SR IR FIE R P V5 K A B M K V53R,
EIKHEF 84.62% ,

P RIS R B BT ERIRE,
FHraEdb L7 500 C TR 1.5 h, FTBEIM =9
BN g2 4E ;22 SDDP I HEMREDLI R ZE 300 um LUF,
BA12<0.074 mm B2 P ESTEN 75.9%

BRI E M — A RHE, 4 SD-
DP | # ¥ B Pl & % = 300 pm LA T, H K
2<0.074 mm B8 HIEM BRED 15% £ 4

A E AT E L FRYZE RSN NF, s
FlE MY SRR ER 1%
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F1 BERNITUSH

Table 1 Proximate analysis of samples

" Tk % Qo RN
T

M Vi Au FC,, (M)« kg™) Cud Hy Ou N St

5 3.42 32.71 60. 92 2.95 35.84 9.13 24,48 3.70 0.12

B 4,96 16. 74 7.40 70. 90 29. 35 69. 94 1.57 0 2.42 2.02 0.38

— A IR 1.90 21.70 11.57 64. 83 30.04 74. 94 3.08 12.95 2.54 0.49

L2 KW
L21 ARSI A4 7k
AT 250'8 BOK% 9 98% H TSR C BISCHR L

VB BTA R KRG R, 53 316 FEALA S00 ml. B BEAF
o FIBLBR S B B3 (BEFEE S 1 000 o/min)
15 HETE A AR50 R NN R
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£z HUEBEEE 15 min #ATI5RIAR ; & 5K AR
HSTRAEER T 250 mL 15, 5 IRAEET HE
FAT WK 30 min, & B BMRKSTHFE, &
B RE S AARHER, T B R 48 15 Ue B N 2 £ A R,
5.
12,2 SURERAGIR L

BRI PSR A ISR A R ERARE &
HAWRGEOER T B2 LR T 5, F AR
BOm T 15 IR H i SR A 5 Bk H &5 RER
100 g, HR-H5% i 3% e 8 AR 20 £ 98 B i3 95 U R o Lk 451
FREHI e T B BT a0 2 A R I T Vs IR A K D
TR AR IKMA 250 mL B4R, JLARIEBE 1S min,
PEREERE N 1 000 o/min, SEIGEIISRAEH . HIRE .,
FNBEE BRI SRS AR E MERE MO E ik
LS R B RE T EE

2 #HR5R

2.1 FEXNEHFRERSENRERHKRIBRE

F &R T TSR A RHE

TE 250 g E7K 3 H 98% Wy 5 U *F 40 3
0,2.5,5,10 g ¥ EX S RHATRR S ESREBK,
HELHHEMAE 1 P

(1) WEE ERE, F A X T TS 98 24T A R
SWAEHKI EEBEEA RERR REFE
FRETSIRE S 4ifa , BRI E R, LR AY
&, COD, SS 4> 5l & 836 NTU, 258.2 mg/L,
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WRAHER, RN m B MK, £EBEHE .
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Fig 1

Effect of different dosages of semi-coke on

dewatering properties
LAERME N 2 ¢/100 g {FIRE, L2 WATHE .
COD, SS 7] 4} % & F 14.8 NTU, 38.2 mg/L,
18. 2 mg/L, X E K 5K & HER —HniE o

(2) IR IRE S i g8 B K BOR I, 2
G B R 45 15 108 (BP R IE BUR TS IR ) & /KR (%
2) BERK. HFERMERO0 /100 g 51T, BI
TRy vk A K T 95 PR A & 7K R T 94. 24% , B ¥
RN A ETEEIN, 2E ER BUR TS R A & KRN
94.24% (FEHZME 0 &/100 g FR) EE
84.71% (AR 4 g/100 g 5IR) , WP E AR
4 ¢/100 g {GIRHY, AR5 TR B & KB 5151
VUK S KR EAZ  RUEENFRARSE
TREBKEERRBBR. XEHTFERFLL
B, RERK AR A, X5 IR A B BRI Rt
RE 7, I, U B i gk L g s , TERFHE IR /Y
[ B 3 A SR A9 1G58 T V5 e AB K HERE , TR 2 £
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Table 2 Effect of different dosages of semi-coke on municipal sludge properties

FERE/ Tidksrti/ % Qoer,at” ek -
" SRR/ %
(g-100 g™ {508) M,y Vai A FC, (MJ - kg™) (mPa - 5)
0 94.24 3.42 32.71 60. 92 2.95 7.01 8.2
1 91. 86 3.14 26.99 42. 86 27.01 14.58 14.8
2 87.23 2.13 24.74 34. 80 38.33 18.25 20.5
4 84.71 2.00 22. 64 25. 56 49. 80 22.15 16. 8

(3) 5REISRAML, FERBIRTIE RMAER
EFRE. HFENBMERNO0 g/100 g i5RET, BIEK
e £ 8 BT B HR 48 VS TR AU IR E R 7. 01 M/kg; 242
ERFRMERK R 1 /100 g 1518 .2 g/100 g 51 .
4 g/100 g i5YRET, 2 L R IR T 75 VR A9 #E 43 51 A
14.58,18.25,22. 15 MJ/kg, 32 B 2 £ B9 80 AT LA K
RIS ERFERT 5 RAME, N ERAFER TS
Te H R RHE R R3S 4%

(4) Nt E , IR K 15 R B, A
AT Bl 5 T AR VR R T 95 VR ) 5 7K R B SR
KIGREKBEAL  EHEAFEMRCYLEL M
BN 4 g/100 g (SIRA, BRI TG G KR
84.71% fEHFEE HAH 16.8 mPa - s) BN HELFAY
FErlo

LR LR, R BT 5 IR B A KB (3
KB B4 s R S KR —KRE 5% ~
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PEREIRE , TEAR G K 54T, FEMTRME 2 5
R R TE R SR E( TH) 8 0,20% ,40% ,
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BT 15 R B Bk R R RN 2 FiR , L ERR
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Fig.2 Semi-coke additive amount as a function of concentration
of municipal sludge conditioned by semi-coke
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Table 3 Effect of semi-coke additive amount on fluidity
and stability of municipal sludge water slurry

conditioned by semi-coke

EETM ERRE

. ol ot 7 d WKL
0 13.97 c 7 d IA R AETEILE
20 15.50 C Td AARRAEETRE
40 19. 44 c 7 d AR K EETLRE
50 21. 17 C 7 d HARKREFEITRE
60 24,38 C 7 d AR REERE
70 28.00 o 7 d WA KRBT
80 33.88 B 7 d IR ETETUE
100 62. 50 A 36 h RAEBEIR

2.2.1 AR BTG Ve 2 7R E /Y
0

LR EIRINE Sy 0, BN 5 R M K A, R

WREEARAK, HA 13.97% 1A ERHHE, S5 R K

AR PEREAR 2, LB il A RGBS RS &

B3N, AR BRI IS A E IR E O AR AR
B SR ENRIE 2 5A 20% ,50% ,80% B, >4
VBT 15 A E BRERIR R 15.5% ,21.17% ,
33.88% , BRI N B 3G , 2 £ R BRI 5
MIE R IR, KR R . B2, HPER
TIME I K F 80% B, 4 £ 18 B3k 7T V5 VR A 8 Bh IR
BEIRE 33.88% , TR BIEFKER REFRER
BARENR, B, FEREEERBER TSRS EHE
HRAHE BEBRER O EEE, HEERK
WS R 3 RARHME(GB/T 18855—2002) ,

2.2.2 REMBMEXEERRMT SRR RS

T FRE R

B3 A4, 7T IE VR B M ] K R S AR
Z(C%), MRS BT R E] AT,
B AN B BRI, R TR B T IS VR A R B I R
BT —EWHE, HLERME R 20% B, K £ KT
WHBRE AR ENERIRZE (CR) , M ERM
BN E 80% mt, 2 £ 8 B T V5 YR 4R Y I 3 1 Rk
EATHFR(BR), A ERESEEAR
W5 Ve AR BN IERE, R BB AT IS RSl T
WACRBE T M, XBH THELRES, SHER—
B, B RIBME KRS, R X mRs RAA
MR RV AT IS TR B B AR G54, SR B e
W RUR T 5 UK B IR sh i RE

MRREMERE , EENRMEN L ERBURT T
RERREHEEHAKR, XRHTHEFRYTEIERIES
oy, B TE TS IR P R AR E FIBOE Y L &35
RFKEA RIFHRREERE.

g ERTR A RER S R TR 15 R E R
VR, FT R A TS IR R BT B M e, U B 2 A R
BB R TR TS VR 0 BLSR M RE , B RN
B3N, 2 A2 R IR T V5 TR A 3R M RE LA
2.3 ¥EARETSRESERSY(BHRERES

) RIS 1 RE

HTHRLERAFRRT RS EREGDHREK
PERE, AR AR AR 15 R (g S
HER TSR (T ) SFEH 50% ) AHFRIMER,
W ERAF LA SRR RN EE— A RERE,
BERTIREREY . EHRMGEIRSET X LR
FIRBEIE S TR MEREE R, S ERRER
TS RAE AN REREYEFHEERN0,3%,
5% ,7% ,10% ,12% B, E M T 5 R MLtk 5
REBEASYHEFWRENXRINE 3 iR, LERR
Y5 R LT R EER & MR i st e e R
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Fig. 3 Municipal sludge conditioned by semi-coke additive
amount as a function of concentration of the mixtures
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Table 4 Municipal sludge conditioned by semi-coke
additive amount on fluidity and stability of the mixtures

/% ERWKE/%  HEk feEE

0 69. 40 At 7 d RP=rEREGLTE
3 64.93 A 7 d AP RELTE
5 62. 37 A 7 d RF=EERTLRE
7 59,52 A” 7 d AP TR
10 58. 67 B 7 d AP EBTLRE
12 53.68 B- 7 d R

2.3.1 REEFFRTTERE T RER S E R
JE BRI

I 3 A0 Y — ARG A 3R e, R R
B3k 69. 4% (B X4 PR ER A4 P 2R A B 5 R
H LB A 3% B, R Bk B TG R £ 64. 93% , BB
F 3R FOR T V5 R L B — 3, R R S Y ER
WE M — SRR, WERER SN ERKERE
2 £ 8 B T V5 DR R b BB A 8 I T R, LR A
BEREE TR T IS IR ECA BRI M AR 22, ¢
FERERTE RO SRER SN ERKESR
RIFHRMMIER R, HAERK RN

@ =68.8351-1.201 1x,R* =0.953 6 (1)
X, o HREBREWHERHEE, % ;2 JFERR
WHER(TE RAZSBEESYESEE(TH)
HIE T, % .

(), TR SRR AR BUR T IR (T2) MK
Hox WRERSYHERHEE. YFERNEHLE
E KB a3 hnuE(GB/T 18855—2002) Y75
TR et (V5 IRERMIRE=60% ) , AR (1) ATt
BRI TG (T ) A LG RER S
YWRRE(THE)B7.36% , X AH&—EWREMNTS
VRBERET  T R BUR T IS U Y B K LA LL B4R
T RATR TR XS R B R RS R R

% B 2017 F5 42 %
(EECES 3= 9
2.3.2 AP FURTTS R B X RAEHR & Y1 3

P FRE M

A 4 T, Bl B VA R T VS Ve L B A 3 K
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MEEHFRE, Tt E— A RERM B ERS
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TR E 15 PR M B BE R, BY YT ) Rl B V) i H AR
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g tE gk (B 4) T RRBERE, SR LE
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M, IR, BEE A BRIR T V5 VR EC EL A3 K, 15 TR 4R
FRIMAIR BB AR BB EE (n HEHEZ/D) .
VB 2 £ B R 75 R AT LA RO a5 e K A B9
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Fig. 4 Effect of municipal sludge conditioned by semi-coke additive amount on rheological property of sludge-coal water slurry

®5 FEFERBRETSREL THSRERR
Table 5 Parameters of rheological model for sludge-coal

water slurry

x/ RE/ EE/ K/
n R?

%o % (mPa-s) (Pa-s")
69. 13 969.3 2.03951 0.840 64 0.999 08
0 70. 27 969. 3 2.33282 0.83545 0.998 87
74. 68 1086.3 2.72099 0.87519 0.999 93
63.02 642.7 2.04278 0.747 88 0.997 91
3 63.75 739.0 2.93702 0.72051 0.997 59
65. 02 1116.7 4.53184 0.69427 0.99729
63. 85 619.3 2.36504 0.709 85 0.997 98
5 64. 65 821.3 4.55176 0.629 21 0.996 95
65. 65 1105.3 5.13419 0.66735 0.996 97
58.38 694. 7 4.11094 0.61122 0.994 79
7 58.96 936.7 7.526 60 0.54548 0.99279
59.77 1031.2 10.38318 0.49567 0.989 47
57.51 582.0 3.00533 0.63879 0.99579
10 58.50 901.0 5.02692 0.53120 0.990 46
59.70 1404.7 8.09770 0.52515 0.99383
52.47 535.0 6.994 04 (.436 53 0.977 66
12 54.17 1261.7 24.14855 0.35398 0.968 19
54.95 1 419517 24157052/ 1-0.369 /81 '0.979'€8

) AR HIRE ZAET , AR TIS IR M
A BEZWIREIR AW R TR, IR S YW
R PERERE 2 £ VR B T 5 R B L B 3 KT AR 2,
RERGYNEREE (o) SXERRMATIGIRE
H(x) ERFHEREMHRKK R: ¢ =68.835 1-
1.201 1x,R*=0.953 6,

(4) TR ik BB R, 2T E
MRt , BRI BT T 15 TR BC L Y 3 K, BT
VIR MR EA .
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