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Abstract: The rheology of anaerobic digested sludge is an important factor affecting the mixed

energy consumption of anaerobic digester for kitchen waste. However, mechanism of the effect of sludge
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concentration on rheology is still unclear. In this paper, the sludge from wet anaerobic digestion was

collected from a comprehensive kitchen waste treatment plant in Beijing, and the effects of sludge particle

size distribution, dissolved organic compounds and temperature on sludge rheology were investigated.

Temperature rise promoted the rheology of sludge supernatant and sludge with TS content of 2%-6%, and

hydrolyzed particulate matter into small molecular organic matter, resulting in increased rheology. When

TS was no more than 2%, the rheology of sludge was mainly contributed by dissolved organic compounds,

and the yield stress 7, was reduced by the conversion of aromatic protein Il to aromatic protein I . When

TS was greater than 4%, the rheology of sludge was mainly contributed by particulate matter, the yield

stress 7, increased, the viscosity index k decreased, and the particle size distribution was relatively stable.

When the temperature was greater than 80 C, the yield stress 7, increased obviously due to protein

denaturation, but the viscosity index k decreased obviously.
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Fig.1 Schematics of process flow and sampling points
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Fig.7 Three-dimensional fluorescence spectrum of sludge supernatant at different temperatures

R 2 M7 Js B IR B T, 15 e e
WP AL R AR T A R A ML 2 .

n, 37w A B 1 A2 3 N 2 937 3 i 2]

4 060, Tii Ji 5 R S 1) T3t ) ¢ 1t i 2 g R AR, 36 W



P2

www. cnww1985. com x

00, R B BB R R R IL A TR T AR AR R R, B

%395 %13

VR B R S W A T U s R I A )
TS FEREAR T, R AR T &S
EPS A , ] 7% EPS(SB-EPS) & 4 i, {575 78
SEA I b, S 20 A oK AT DURBE L R 23
TSR A PEIG R 2 Zhang 252 0 T BRIL IR 4R
TR T kTS Je 9 EPS 4143 AR 1, & B & b B S T
PN RIS RS 8 & R T4k, Hoh B 45 A
A EPS(TB-EPS) filfi #a % EPS(LB-EPS) [1] SB-EPS
A%, JUIHIE SMP & RN, (4575 e 45 4 TG
FLAS YRR . 5570 80 ‘CHEY5 I8 I M ) TOC ¥e &
22, = A SO B A W o A R,
AT g2 PR R 3 WAL EE T V5 e I TR G B
2.5 SiRAETMEREDH

T Herschel-Bulkley BRI A 0 Hr 25 0, 4
15 8 1 e RN T 7, A BEFE Bk AR B MR B n S TR
JE K 5 e BE () G AR, 45 RN 8 s .

0.04 0.85
0.03 ; y=0001 90406857
_ y=143x10%w+6.67x10% .80} | '
€ 0021 000306 1 .
Sootft o,
0 - 0.75
-0.01 ! v
10 20 30 40 50 60 70 80 0.70 10 20 30 40 50 60 70 80
W C WEEC
a. 7, IR R b. n FREROCHR
| 0.030
0-10r 0.025} y=9-6893x+0.0095 |
S 00BF 1, )=-0001 1x+00865 r=0.444 4 I
L 006 7=-0.908 0 S
e <0.015 ]
= 0.04 R
002 . 0.010f *
' © 0,005 K
01020304050607080 01 2 3 4 56
B/ C TS/%
c. k- SIERCHR d. 7, SIREMLER
078} - 0.12
0761 *
0.74 N = 0107 0012 84+0.0277
i 8.% 2 008} 09477 .
. \\\j A
8:22 =-0.024 6x+0 78\%\9\ = oo <
0.64{7- 00804 0.04 /
0.62 0.0

01 2 3 456 01 2 3 456

TS/% TS/%
e. n R R £k SRR
B8 .nflkERERTRRENZEXR
Fig.8 Linear relationship between 7, n, k and
temperature, sludge concentration

P 8 (a) ~ () FTHI, fE— 2 V5 JE R JEE (TS=2%)
BB AR Rk SR GG (r=—0. 908 0) , 3

TR E n 5 R 3 E AR C (r=0. 956 4) , X 1
AF L T o 095 8 g AR M i 5 i et AR T 7, S IR
FEVEA A M T IR A B R T
T2 WA, PR AR AR MR VA, B RTOC T
Jet IR R 7 02 5 AEAEA A AR KA 4™ . H 1T E
SE AR IR R 7 (1% G A8 AR 0 S 56 vk )y T A7 AE
25, Miryahyaei %529\ Ay Ji IR N 7 40 12 AT
il 32 S RE ] T8 A% T i 3505 2550 1 P9 s ), 5 S0 45 194 1z
TMEAFAERZE . (B ShMEFE B n A8 R B 45 5%
ke /N R L5 B DR A A B IR T3 U0 ) ) 45
4, 05 U 22 00 5 5 A v T DR AU A 3L A1, 3
ARE S le LR A ¢, IR R S HE LW
EPS B, dF imi s 5w 75 R AR e, ik 8(d) ~
(e) i AEIRE ] 37 CAFE T A Bk 51578
We B 52 TR AR G (,=0. 947 7) B ETE B n 51578
e 3 2 A 56 (r=—0. 989 4) , 33 U B 775 T8 v J2 44
T35 Y AR M 55 5 R AR ) 75 75 U ik B
A ARG SRR 1

SR TR UL M i R L R A A L
Wy LL BRLAR A3 A i AR PR B2 ) R DL R R AT
TIOUA T, 45 FE & 9 s (& H “TS6T80” & /i
TS=6% IR E=80 °C, HoAth L4 .

1.0 N
TS6TS0 it ¥
gl
)
: TSATS
Qe TS2T8( N
< TSOTS0
IN ST R
$| TS, TS6T55 i
| TSe el
5 R AT SMP
= o o TSOT55
~ TS4T55 TSQT37 TS2T55
o
o  [1S2137N
TS4T37 el
o]
E TS6T37
~1.0k F=3.3,P=0.05
-1.0 RDA1(90.32%) 1.0
B9 SiRERTHEHmEZN RS

Fig.9 Redundancy analysis of influencing factors of

sludge rheology
MNEE 9 nT LA il B8 LA R i 25 I Y
FFERKEAR T IR W HLR A SMP SN R S
15 U I Bl P8 B n 52 TR AR G, 33X 150 B IR B2 A A

+ 123 -



%3945 £ 13

OE 4 K HE oK

www. cnww1985. com

ALY R 5 I8 A P A BN K5 I HLIRE
S EREAR T MR W LR EE RS
W) 2 18] B I A A5 (RN IE , 6Bt B T v U e 2
APUIEE 2 15 JE AR PRI SR o TS FIRLAR A 5
PR REFE R R S IE AR G, 530 DR O B 5 [T SR A3
5 VE UL E] AR F AT 3G 58, S B80T 95 YR b Y 1
e PRAFAERRZZ R, (45 o, A XE I A BEAE,
BON 7, B 2R DR AN A T 22 00 #r

3 &#

@ X TR R R A AL S e, BEHE TS i
B3GR, T U Hh A ORE RO 3 22 0RL 2 8] )l T
YR 2R A R A i (875 AR 1) 50 32 8 B R A L
PARE S W RENIPAE % D)8

@ AT BILY ABURL ) 4 %0175 8 14 R
PEA TR0, 2 TS<2% I, 15 U8 1) It A8 1 52 5 1
BA VIR 524 TS>4% B, i 248 M 32 22 32 i
KL 2 o AH G IR BT, ORE) 2 0 1
T ARPL, G EUR A TERT 3

SE Lk
(1] EBE, EURE, 2008, & FRER BRI A4t
AR BUR T Br Bt B[], 3BT TR 2448, 2020,
14(7): 1735-1742.
WANG Kaijun, WANG Jingyao, ZUO Jian’ e, et al.
Analysis and suggestion of current food waste anaerobic
digestion technology in China [J]. Chinese Journal of
Environmental Engineering, 2020, 14(7) : 1735-1742
(in Chinese).
FOEAK, PR, PREER, 2. 200 vd 5 53R
PR TR S s o0 [J]. T EAREIR, 2017,
35(10): 1443-1447.
GONG Yabin, CHEN Zhiyuan, YAO Jiangang, et al.
of 200

[2]

Analysis t/d food waste anaerobic biogas

production project [J]. Renewable Energy Resources,
2017, 35(10): 1443-1447 (in Chinese).
LIU J B, YU D W, ZHANG J, et al. Rheological

properties of sewage sludge during enhanced anaerobic

(3]

digestion with microwave—H,0, pretreatment [J]. Water
Research, 2016, 98: 98-108.

HONG E, YENENEH A M, SEN T K, et al. The
relationship between physico-chemical and rheological
characteristics of digested sludge, biosolid, centrate and
the effects on dewatering performance (a case study)

[J]. Journal of Water Process Engineering, 2017, 19:

[5]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

124 -

193-204.

ESHTIAGHI N, YAP S D, MARKIS F, et al. Clear
model fluids to emulate the rheological properties of
thickened digested sludge [J]. Water Research, 2012,
46(9) : 3014-3022.

BAUDEZ J C, GUPTA R K, ESHTIAGHI N, et al. The
viscoelastic behaviour of raw and anaerobic digested
sludge: strong similarities with soft-glassy materials
[J]. Water Research, 2013, 47(1): 173-180.
LI'Y Q, SONG Z Y, YUAN Y, et al. Rheology
improvement in an osmotic membrane bioreactor for
waste sludge anaerobic digestion and the implication on
agitation  energy consumption [J].  Bioresource
Technology, 2020, 295: 122313.

LIU J B, YANG M, ZHANG J Y, e al. A
comprehensive insight into the effects of microwave—
H,0, pretreatment on concentrated sewage sludge
anaerobic digestion based on semi-continuous operation
[J]. Bioresource Technology, 2018, 256: 118-127.
DAI X H, GAI X, DONG B. Rheology evolution of
sludge through high-solid anaerobic digestion [J].
Bioresource Technology, 2014, 174: 6-10.

T B R A A TS e A4 IR R B 5
[D]. HEK: HPIR, 2014

WANG Yanxiang. Study on Rheological Properties of
[D].
Chongqing: Chongqing University, 2014 (in Chinese).

MONTEIRO P S. The influence of the anaerobic

Anaerobic Digestion Sludge of Food Wastes

digestion process on the sewage sludges rheological
behaviour [J]. Water Science & Technology, 1997, 36
(11): 61-67.

PANIGRAHI S, DUBEY B K. A critical review on
operating parameters and strategies to improve the biogas
yield from anaerobic digestion of organic fraction of
municipal solid waste [J]. Renewable Energy, 2019,
143: 779-7917.

MORI M, SEYSSIECQ I, ROCHE N. Rheological
measurements solids

of sewage sludge for various

concentrations and geometry [J]. Process Biochemistry,

2006, 41(7): 1656-1662.

BAROUTIAN S, ESHTIAGHI N, GAPES D .

Rheology of a primary and secondary sewage sludge
solid

2013,

mixture: dependency on temperature and

concentration [J]. Bioresource Technology,

140: 227-233.
FARNO E, BAUDEZ J C, PARTHASARATHY R,



WWWw.

cnww1985. com R I LR EEORER B TR T AR R A

%395 %13

[16]

[17]

[18]

[19]

[20]

[21]

[22]

et al. Impact of thermal treatment on the rheological
properties and composition of waste activated sludge:
COD solubilisation as a footprint of rheological changes
[J]. Chemical Engineering Journal ,2016, 295: 39-48.
EERE, fIZ, 229, 5. BB R T 2R
TG PR S FHEDE S (1], RS2 224, 2014,
34(12): 3171-3178.

WANG Yanxiang, HE Qin, LI Lei, et al. Rheological
characteristic analysis of dry anaerobic digestion sludge
of food waste under mesophilic conditions [J]. Acta
Scientiae Circumstantiae, 2014, 34 (12) : 3171-3178
(in Chinese).

LIT, WANG Y L, DONG Y J. Effect of solid contents
on the controlled shear stress rheological properties of
different types of sludge [J]. Journal of Environmental
Sciences, 2012, 24(11): 1917-1922.

WANG H F, HU H, YANG H Y, e al
Characterization of anaerobic granular sludge using a
rheological approach [J]. Water Research, 2016, 106:
116-125.

JIN B, WILEN B M, LANT P. A comprehensive insight
into floc characteristics and their impact on
compressibility and settleability of activated sludge [J].
Chemical Engineering Journal, 2003, 95 (1/3)
221-234.

FARNO E, BAUDEZ J C, PARTHASARATHY R,
et al. Rheological characterisation of thermally-treated
anaerobic digested sludge: impact of temperature and
thermal history [J]. Water Research, 2014, 356:
156-161.

FORSTER C F. The rheological and physico-chemical
[l
Microbial Technology, 2002, 30(3): 340-345.

CHEN W, WESTERHOFF P, LEENHEER J A, et al.

characteristics of sewage sludges Enzyme &

[23]

[24]

[25]

[26]

[27]

Fluorescence  excitation—emission  matrix  regional
integration to quantify spectra for dissolved organic
matter [ J].
2003, 37(24): 5701-5710.

ZHANG S'W, LIANG J L, HUANG J J, et al. Analysis

Environmental Science & Technology,

of the relationship of extracellular polymeric substances
to the dewaterability and rheological properties of sludge
treated by acidification and anaerobic

Journal of Hazardous Materials, 2019,

mesophilic
digestion (1]
369: 31-39.
LIU G J, LIUY, WANG Z Y, et al. The effects of
temperature, organic matter and time-dependency on
rheological properties of dry anaerobic digested swine
manure [J]. Waste Management, 2015, 38: 449-454.
BONN D, DENN M M. Yield stress fluids slowly yield
to analysis [J]. Science, 2009, 324 (5933) : 1401-
1402.

MIRYAHYAEI S, OLINGA K, ABDUL MUTHALIB F
A, et al. Impact of rheological properties of substrate on
anaerobic digestion and digestate dewaterability: new
insights  through rheological
interaction [J ]. Water Research, 2019, 150: 56-67.

FARNO E, BAUDEZ J C, PARTHASARATHY R,

and physico-chemical

et al. Impact of temperature and duration of thermal

treatment on different concentrations of anaerobic

digested sludge: kinetic similarity of organic matter

[1].
Engineering Journal, 2015, 273: 534-542.

solubilisation and sludge rheology Chemical

+ 125 -

EHEBA R EIM(1995- ), B idb KL A+
WEFE A WIFE 7 1) R Rl e il R
E-mail:lys15122117710@163.com
s B #5:2020-06-10
&[E B #A:2020-08-26
(G X 5L )



