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Application of Integrated Sludge-thickening and Deep-dewatering Machine
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Abstract; An integrated sludge thickening and dewatering process and a complete set of pilot
device (integrated sludge-thickening and deep-dewatering machine) were designed and developed to treat
different kinds of waterworks sludge, and the design and operational parameters were optimized. For
waterworks sludge with good dewaterability, the sludge water content could be reduced to lower than 70%
after treated by the device fed with a small amount of sludge when only PAM was added. For waterworks
sludge with bad dewaterability, effects of two sludge modifier addition modes ( combined addition of PAM
and sludge modifier and combined addition of PAM and lime milk ) on dewatering efficiency were
investigated, and technical and economic indices of different conditioning methods were analyzed. On
premise of reaching the target water content, the operational capacities of the device after adding PAM
alone, PAM and modifier and PAM and lime milk were 130 kgDS/h, 200 kgDS/h and 330 kgDS/h, and
the treatment costs were 171. 24 yuan/tDS, 262. 44 yuan/tDS and 150. 60 yuan/tDS, respectively.

Therefore, the combined addition of PAM and lime milk for waterworks sludge conditioning can increase
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the productivity and reduce the treatment cost, so it is recommended to be applied in practical

production.
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Fig.1 Schematic diagram of the integrated waterworks

sludge dewatering process
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Tab.1 Water contents of sludge from different sections in the

integrated sludge-thickening and deep-dewatering machine

PR/ | APV R/ 15 KR %

(m’ - h™") |(kgDS - h™") | BESEER S | WA | HR
94.43 89.82 | 69.94

10 130
95.62 90.68 | 69.86
96.54 91.88 | 75.24

14 185
95.85 90.07 | 75.38
97.30 93.54 | 76.03

20 260
96.92 92.85 | 76.82

Hi e 1 Rl 15 R 4 ik v 4 L) R 15 R 75 7K R
H94.43% ~97.30% , 4 T S48 LU JE 15 U6 &% 7K %
$189. 82% ~93.54% , IR K ZH 69. 86% ~
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Tab.2 Dewatering efficiency with PAM conditioning alone

Bri oy V4 SUSLib = TETH B WAER/ | UXPESEL | 2P %EASGL | PAM Bk H R
(m*-h™") | (kgDS-h™') | GLJEFE/MPa | (m-min™') | JE#/MPa JE#®/MPa (4571) /% KR/ %

0.4 0 0 73.70

10 130 0.5 0.15 69.94

' 1 0.20 69. 86

0.2
0.4 0.20 75.24
14 185 0.4

0.5 0.15 75.37

22 290 0.25 76.03

25 330 0.4 3 0 0 76. 66

27 360 0.3 77.15

3.3.2  #t)m PAM F1 CSDA — 1 giePE 4 i 7k 2k fig
B XK AL RE A 22 115 U6 (A LT 75 s A X4
B L TEBEA B PAM FI CSDA — 1 gk P50 3 38 R
[v] i 8 B A0 T 250 T, K0 YR vk 4 R I — AR Bl
IR K SB35 3 o
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REAT FTEE T, A B B4 in PAM 3JE4 7 3, AR 51
5 g X HE R TR T T 24 100% 5 16 AR S 30 4% F
T, R AL TG R R K AT B R I T A 5K
JIXF e & K ZR s R s B A e BT, 1T
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Tab.3  Dewatering efficiency with PAM and CSDA-1 conditioning

gt/ | ARPYeR/ | IR | WAOEHR/ | XA | 2"XEAR | PAM #ndE |CSDA 1 | R
(m® - h™")|(kgDS - h™")| HLJE3R/MPa | (m - min") | FLFESR/MPa | FLIESR/MPa | (46T)/% | H(HT)/% | &KFE/ %
0.5 1 73.70
10 130 5
0.6 1 0.15 0.2 69.94
14 185 0.4 1.8 04 10 69. 84
15 200 0.5 1 0.20 0.3 ' 7.2 75.24
20 260 0.4 2 75.38
0 0 5
25 330 0.3 3 76.03
Zi LA fE B 0 PAM A CSDA -1 8ot 3.3.3 WG B PAM R IRFLIIIE K AL RE

FIVHEEA 25T IS B A AT O - PAM £
W) N 0. 4% BRI EAE 5% ~T% Z
6] Kb PR e <200 kgDS/h, GEME(H I8 & /K 4K
F70%

B K S RE A 22 BT R (A HILJ 7 A X 4R
) SR A H I PAM ANy K 3L VA B R [ o e
T A0F T 57K 5 Ve v 48 VR I — PR BIL 1 B 7K 5%
REMLZ 4,

R4 BEARM PAM FoA ARl VIR & 1 T ROBEK A

Tab.4  Dewatering efficiency with PAM and lime milk conditioning

PR/ | AR | wecEs | WAREEY | URHER | 2'%EA | PAM 4N ﬁ§§§£§ T
(m® - h™")|(kgDS « h™") | HLHEGR/MPa | (m + min~") | L H%/MPa | §L 5%/ MPa |5 (44T ) /% R % FIKR S %
0.3 0.4 69.24
15 200 4.80
67.14
67.16
20 260 0.5 1 0.4 7.17
0.4 0.5 67.92
69.98
25 330 6.14
70.58
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Fig.2  Scanning electron microscope images of sludge
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4 REFRIPE T EHARAZFIRARSHT

UNGRGHIA S E Ve % N S S g T
M6, FET5eH HA 0. 4% i) PAM UEF TR HL S
FEUE, 7EIR B HAR S KA (70% ) Fi#2 T , 54l ik
FRZ e 130 kg/h, AbFERA R 171.24 55/tDS, 1E
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PR ELS FEUE , 7EIA 3 HAR S KA T, A
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DS, 1t 75 e By Ak B BLAS AL A PAM T4 | 7t
53.26% , RS 1 1. 54 5. 1T R TR ECSHm
0.4% (1) PAM F1 5% 1) 41 JRFL(VAA A Bt ) #E17i
PRJG EUE  7ER B BAR & /KCRATHE T , B i nl Ab 2
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Tab.5 Operation costs of different sludge conditioning methods

i H UL BUE
PG kEHL I/ (KW - h) 1t 4 Hi5 R 113.2 kW - h 113.2
RPN/ (OG- kW - hh) FHE 0.7 56/ (kW - h) 3t 0.7
o PAM {ii#Eht/ (kg - t7'DS) e BRIG YR T 0. 4% R 4
PAM JiEI PAM B4/ (G - kg ') FH 5 7 23
250/ (5% - 17'DS) PAM P4 x PAM J53E & 92
24188/ (7T - ' DS) BT YRAE L B X L SR 79.24
4 TI5 A FE S/ (OG- t7'DS) 171.24
PALITGIRAE R i/ (KW - h) Lt PSRRI N 79.2 kW - h 79.2
BB/ (OG- kW - hh) 2 080.7 50/ (kW - h) it 0.7
) P AR/ (kg - t'DS) HRIRTG L T 5% IR A 50
E’gﬁﬁm BRI O - ke ) — 2.3
capa 1 PAM e (g - 11 DS) e 5 VR T 0. 4% T He i 4
g ] 3 PAM 4/ (G - kg ™) B g 7 23
253/ (o6 - t7'DS) PAM Biffy x PAM JHERE + Bl s < ool i 4G i 207
A3/ (OC - t7'DS) PR TSR FE R B x FLBR AT 55.44
26 T 75 Je b FRFR /(96 - t7'DS) 262.44
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i H UL BfH
BAE e R/ (KW - h) Lt 8 T{59FEIR RN 48 kW - h 48
HLgRn/ (O - kW' - h ') 718 0.7 55/ (kW - h) it 0.7
FEATIRIFFER/ (kg + 17'DS) P B e 2 14k 5% JihE Hi o 50
BEA 4 FEATRNA/ (O - ke ™) — 0.5
PAM Fili PAM ji§#E 5/ (kg - t7'DS) RIS R4 T 1 0. 4% Jidt Hit 5 4
BT PAM ¥4/ (T - kg™') R 23
255 %%/ (T - 17" DS) PAM Hiffy x PAM JH#EH + A=A KA x A K FE 117
5/ (5C - t7'DS) PR T5 IR A B x HL SR AN 33.6
45 R FE SR/ (OC - 17/ DS) 150. 60
x6 AEIFRIFELEEAMEFES W
Tab.6 Technical and economic analysis of different sludge conditioning methods
o ; HEA A
5 H i EE L (T E HERA | ot + 2520/
i (Jt - t'DS)
YR <10 m’/h, PAM 40150 0. 4% |, 37 3K 55
FUMMBIN PAM PR3 5T Hea® M 0.5 MPa, 15 RS GT RS H 0. 1 MPa, 2% %} 130 69 ~71 171.24
JE L H58 4 0.2 MPa, 347 E ) 1 m/min
PEJREE <15 m*/h, PAM £ 115 2% 0. 4% , CSDA — 1 3
CSDA — 1 et AIFIER | [ < JE % 0.2 MPa, 27 X} R “T i JE 38 4 0. 3 '
MPa, JEH7 £33 A 1 m/min
PER R <25 m’/h, PAM 0105 0. 4% , £1 KL £
WA PAM (ROl 5% (DU 4B BB KB ACRLIER M 0.5 o0 | g0 oy 50,60
FADRFLIAEE  IMPa, 1" % LR 58 9 0. 4 MPa, 2730 He S i FE 38 '
0.5 MPa, g7 £ K 1 m/min

PRI BG40 PAM(0.4% ) Ay JKFL(5% , LA
A RE) TR B, B T R A B A TR R, R IR
PEAALH AR
5 %k

@O FAK TG IR 25 58K, B X Bk M R
ARG KIS 8 GB W S U BB ), AU & AL
PAM , .38 1 AR 7K ¥ U e 248 R e — PR ML s i B ]
IR E] HARRCR 5 T X 1 7K 1 BE A X 4 22 ik k35
Ve (—MAHUE & R m ) , 755 80m PAM 515
PRI ) BB R AT VR B, AT ek S Y B K PERE
PTG IR PUHE SR AL | SR 5 P8 1 AR K V5 I e 45 TR
b —RHLHE 38 PT 3k 2] BARSCR

@ HEKIE VR R FBH B T 7 PAM, 78 0. 4% %
T (4102 ) T AT DLR B U iy 2R B R . 2R
JET5 Ve 4 5% gl 4 iy 2k 46 5 & K BT DURE &
89% ~93% , BEAR I Hu i f2 J5 S 0 24 1 B e % 22
SR EEH AR + 2 R4 254038 A T KIS e Wk 4
TR,

@ FEIR B HAR KRR T, 5 I e

0.4% ¥y PAM #E47JR B FR U8, ¥ 8 n] b B 46 T
130 kg/h, 2B A Hy 171. 24 J6/DS, 7575 U6 ok
H 0. 4% 1y PAM F1 5% () CSDA — 1 gtk ) 3k
FryE PG TR g , A rT AL PR 38 200 ke/h, 40 FH AY
Ah 262.44 JE/DS, 1t 5 38 AY Ak 38 A B A A
PAM T4 - F+53.26% , ;7 figdém 1. 54 f%. 1757
HICA RN 0. 4% (1) PAM F1 5% (41 K FL (LA A
JRAE) Bt g g, 154 T Ak 34 g 330 kg/h, Ab
PRAA R 150. 60 JT/tDS, 1 t 75 I8¢ 1 4b PR S A 354X
B PAM 00 FREZ 12.05% , P figdd i 2. 54 £ .

@  BEAIN PAM S5 kLB R T5 e, 2
PR SR Ry T, A6 A = i T T LIS B e A
IKZET0% WAL 3 H bR, BB 7877 K f PEBE, A
RUEARA G FAL R A, HE 77 7E 52 B A 7 v fiff i
T2
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